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Abstract
The international migration literature has highlighted four key stylized facts from the perspective of the
source country: (i) Migration rates are notably high, with some nations seeing over ten percent of their
population living abroad. (ii) Certain developing countries have witnessed a significant exodus of skilled
workers, commonly referred to as brain drain, spanning several decades. (iii) Migrants often maintain
strong ties to their country of origin, evidenced by the substantial remittances they send back to their rel-
atives. (iv) Migration is not necessarily permanent, as a considerable number of individuals return to their
home country after a period spent abroad. In this paper, we present a theoretical model that endogenously
explains these facts. Our model allows us to explore key issues in migration literature from a theoretical
standpoint. We analyze the general equilibrium effects of migration, its long-term implications, and its
welfare consequences. Additionally, we investigate whether the combined impact of return migration and
remittances can counterbalance the effects of skilled migration. Finally, we evaluate the efficacy of policy
interventions designed to mitigate the adverse effects of brain drain.
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1. Introduction
Recent migration literature has highlighted four recurring features from the perspective of the
source country: first, Migration constitutes a significant portion of the population, with examples
such as Mexico, Peru, Guatemala, and El Salvador where more than 10% of the population resides
abroad. Second, migrants maintain economic ties with their home country by regularly sending
remittances to their relatives. These remittances play a crucial role in the economies of source
countries, amounting to an average of around 5% of GDP in 2005. Notably, there is substantial
variability in the volume of remittances received by different countries, as illustrated in Fig. A2.
In 45 economies out of a sample of 155 countries, remittances accounted for more than 5% of
GDP in 2005. The significance of remittances as a source of external resources for developing
economies was emphasized in World Bank reports from 2006 (World Bank (2006)). According
to these findings, remittances rank as the second largest source of external resources for devel-
oping economies, surpassed only by Foreign Direct Investment. Remarkably, remittances surpass
the combined total of foreign aid resources received by these economies. Third, skilled migra-
tion is prevalent among migrants, with the skilled migration rate being nearly 5,8 times higher
than the average unskilled migration rate. This phenomenon, often termed as “brain drain” in
the literature, is a common occurrence in many developing economies, as depicted in Fig. A1.
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Fourth, return migration has emerged as a significant trend for source countries, with approxi-
mately 10− 20% of migrants returning to their birthplace after a period of migration, according
to OECD reports in 2008 (OECD (2008)).

A notable issue in migration literature is the strong correlation among the characteristics
of international migration, including high migration rates, brain drain, remittances, and return
migration. This correlation poses challenges for empirically identifying the effects of policies that
impact these different aspects of migration. As a result, empirical studies often focus on indi-
vidual aspects separately, as noted in the literature review. Given the difficulty of empirically
studying these interconnected stylized facts, our paper addresses this gap by constructing a theo-
retical model that captures them within a dynamic general equilibrium framework. In this model,
migration decisions are made at the household level, and the stylized facts emerge endogenously.
This enables us to conduct simulations to evaluate the effects of economic policies on migration,
brain drain, and the return of migrants. Moreover, modeling migration within a dynamic general
equilibrium framework allows us to examine the effects of high migration on prices, such as wages
and interest rates, and the secondary effects these changes may trigger in migration patterns. For
instance, an influx of highly qualified migrants could lead to wage increases due to a shortage of
skilled labor, thereby incentivizing further migration (and return migration) by providing addi-
tional resources to cover migration costs. Furthermore, the general equilibrium analysis enables
us to identify the role of the government and the externalities generated by skilled migration on
non-migrant households, including the depletion of human capital and the reduction in available
workers. Importantly, the joint modeling of these various aspects of migration within a dynamic
general equilibrium context has received limited attention in the literature.

The paper makes two primary contributions. First, it expands upon the neoclassical model to
account for key empirical features of migration from the perspective of the source country. These
features include brain drain, remittances, and returnmigration. In themodel, multi-member fam-
ilies with varying skill levels are subject to un-insurable idiosyncratic labor productivity shocks.
A negative shock may prompt migration, with the household selecting one member to migrate.
Upon returning to the home country, the migrant worker possesses enhanced human capital. On
the production side, a representative firm utilizes capital, skilled, and unskilled labor to produce
output, with production exhibiting capital-skill complementarity.

Second, we utilize the model to explore specific economic effects of migration. These include:
(a) Examining the general equilibrium effects of skilled migration and remittances. This analysis
is intriguing as it sheds light on how skilled migration and remittances can influence resource
allocation in the economy through changes in prices. Furthermore, by considering the general
equilibrium nature of counterfactual scenarios, we uncover insights that previous literature may
have overlooked. For instance, we investigate how migration impacts families without migrants.
(b) Assessing the welfare effects of migration, which sparks discussions about the political and
economic implications ofmigration. (c) Investigating whether the combined effects of remittances
and return migration can sufficiently offset the negative consequences of brain drain. Given that
the model encompasses skilled migration, remittances, and return migration, it serves as a natural
framework for addressing this issue. (d) Analyzing the effectiveness of policy interventions aimed
at mitigating the impacts of skilled migration. Specifically, we focus on policies targeting skilled
return migration, migration costs, remittances, and the probability of migration (see Table A1).

The study concludes that migration, when modeled within a general equilibrium framework,
yields substantial economic and welfare effects, particularly in countries where skilled migra-
tion (brain drain) and remittances play a significant role. Overall, migration is found to enhance
the total welfare of households. However, these effects exhibit considerable heterogeneity: while
migration benefits the most skilled households, it diminishes welfare for the least skilled house-
holds. This disparity arises from the fact that most migrants are skilled workers who can afford
migration costs. Due to capital-skill complementarity, a reduction in skilled workers diminishes
returns on capital and wages for unskilled workers. Importantly, these findings underscore the

https://doi.org/10.1017/S1365100524000269 Published online by Cambridge University Press

https://doi.org/10.1017/S1365100524000269


Macroeconomic Dynamics 3

general equilibrium effects of migration, which impact households even in the absence of migrants
abroad.

One endogenous result of the paper is brain drain, which aligns with the positive-selection
hypothesis of migration as tested by Chiquiar and Hanson (2005) using data from Mexico.1
According to their study, Mexican immigrants, although typically less educated than US natives,
boast higher average levels of education than residents of Mexico. Remarkably, if Mexican immi-
grants in the United States were compensated based on prevailing skill prices in Mexico, they
would likely occupy the middle and upper segments of Mexico’s wage distribution.

Return migration is a prominent feature of migration literature, wherein approximately 20%
of migrants return to their source country, often with enhanced human capital (brain gain) and
increased productivity, which subsequently benefits the source country’s economy. Additionally,
some migrants opt not to return and instead send remittances, which also have a positive impact
on the source country’s economy. Using our model we demonstrate that the combined effects of
return migration and remittances may not fully counterbalance the impact of skilled migration in
terms of GDP and human capital. While skilled migration may yield positive welfare effects on
average, there exists significant heterogeneity in its impact, with unskilled households experienc-
ing negative welfare effects. These findings underscore the complexities of migration dynamics
and the nuanced effects it can have on source countries. Despite the potential benefits of skilled
migration, careful consideration must be given to its distributional effects and its overall impact
on economic outcomes.

The remainder of the paper is structured as follows: Section 2 provides a comprehensive review
of the existing literature. Section 3 outlines the model economy, detailing its key components
and assumptions. Section 4 establishes the concept of competitive equilibrium within the frame-
work of the model. Section 5 elucidates the calibration procedure employed to ensure the model’s
alignment with empirical evidence. Section 6 presents the results of our analysis, highlighting key
findings and insights derived from the model. Finally, in Section 7, we offer concluding remarks
summarizing the main findings of the study.

2. Literature review
The migration of skilled workers can indeed have detrimental effects on the source country’s
economy, given that education and human capital are vital determinants of long-term economic
growth (Lucas (1998)). Specifically, when a trained or educated individual migrates, the country
loses the investment made in their education. Early migration literature2 has extensively high-
lighted this phenomenon as a negative consequence for developing economies, as it exacerbates
the scarcity of skilled workers. However, other literature3 suggests that migration can also yield
positive economic implications for source countries, potentially offsetting the initial negative
effects of skilled migration. According to this body of research, migration prospects can stimu-
late investment in education due to the higher returns available abroad (Mountford (1997), Vidal
(1998), Beine et al. (2001), Chen (2006), Docquier and Rapoport (2007)). Our approach incorpo-
rates these driving forces and suggests that, on average, migrationmay indeed have positive effects
on the source economy.

The role of migration and remittances as a household strategy to cope with idiosyncratic shocks
has been extensively explored in the migration literature, notably by Lucas and Stark (1985)
and Rosenzweig and Stark (1989). This body of work supports the notion that households uti-
lize migration and remittances to smooth consumption and mitigate risk exposure in developing
economies. Empirical evidence also corroborates this claim, as income and remittances exhibit
a negative relationship. We contribute additional evidence supporting the insurance function of
remittances by examining the relationship between the source country’s relative income (mea-
sured as the source country GDP to host country GDP ratio) and the remittances-GDP ratio.
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Through regression analysis controlling for country-specific fixed effects, we find a negative rela-
tionship between these two ratios, consistent with the insurance hypothesis of remittances (see
Fig. A3).

In our analysis, we conceptualize migration as a family decision, recognizing that household
consumption smoothing due to migration is captured by considering multi-member households.
This approach aligns with the literature emphasizing emigration as a family decision (Mincer
(1978)). Moreover, there is a growing body of literature employing a multi-member household
framework to analyze migration decisions within a general equilibrium framework (Chort and
Senne (2018)).

Several empirical studies have extensively documented the multifaceted role of remittances.
From an aggregate perspective, remittances contribute to economic growth, investment, and
aggregate savings (Fajnzylber and López (2007)). Examining the microeconomic dimension,
researchers such as Fajnzylber and López (2007) and Acosta (2006) demonstrate how remittances
influence the allocation of time and resources within households, illustrating reductions in work
hours in countries like El Salvador and Nicaragua. Additionally, this body of literature has inves-
tigated the impact of remittances on income distribution, poverty alleviation, output, and overall
economic growth. Another strand of research focuses on examining the combined effects of remit-
tances and skilled migration within a unified framework. Studies in this domain have generated
significant econometric evidence highlighting the substantial economic effects of both brain drain
and remittances in developing economies (Faini (2007), Docquier and Rapoport (2007), among
others). These studies shed light on the complex interplay between remittances, skilled migration,
and their implications for economic development and welfare outcomes.

An issue that has received partial attention in the migration literature is the indirect effect of
skilled workers’ departure, which operates through an externality channel. The premise behind
this issue is that the reduction in the human capital stock due to skilled migration may lead
to a decrease in the returns to other factors in the economy, such as physical capital and labor
(Hall and Jones (1999)). Also, the existence of externalities associated with human capital may
justify public policy interventions aimed at mitigating the impacts of brain drain. Our approach
contributes to this aspect of the migration literature by incorporating the externality channel of
skilled migration into our analysis. We explicitly account for the indirect effect of skilled work-
ers’ departure through this externality channel. This aspect is highlighted in existing literature;
for example, Delogu et al. (2018) investigate the externality effect of migration on tertiary educa-
tion in source countries using a multi-country dynamic model. Similarly, Biavaschi et al. (2020)
employ a multi-country dynamic model to examine the welfare effects of skilled emigration from
a global perspective, capturing the externality effect of skilled emigration, which results in a com-
position effect varying according to the characteristics of the countries involved (source and
host).

Return migration has garnered increased attention in recent years, fueled by the fact that
approximately one-fifth of migrants return to their birth country following a migration spell
(OECD (2008)). The economic implications of this phenomenon are substantial, as return
migrants have the potential to bolster the human capital of the source country—a phenomenon
known as brain gain. Studies indicate that, on average, return migrants exhibit a 20% increase
in their human capital compared to their pre-migration levels. Mayr and Peri (2008) demon-
strate that the human capital gain of return migrants in the host economy serves as a significant
driver of return migration. Moreover, return migration has the potential to counteract the brain
drain effects of skilled migration. The economic effects of return migration have been extensively
studied from both theoretical and empirical perspectives. A key question addressed by this lit-
erature concerns the magnitude of the economic implications of return migration and whether
these effects, along with remittances, are sufficient to offset the negative consequences of skilled
migration. While the current literature has provided some insights into this question, the debate
remains ongoing and the approaches employed are often limited. One notable limitation of the
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existing return migration literature is its reliance on partial equilibrium analysis.4 By incorporat-
ing the most important channels through which migration influences economic outcomes, our
approach extends the return migration literature by offering insights into the significance of the
return migration channel within a general equilibrium framework. This enables a more compre-
hensive understanding of the economic impacts of return migration and its potential to mitigate
the adverse effects of skilled migration.

Meghir et al. (2019) provide insights into the potential welfare gains for rural households in
Bangladesh through policies that encourage migration. Their study employs a structural partial
equilibrium model that incorporates temporary migration, including full return migration. They
demonstrate that policies promotingmigration could lead to a significant improvement in the wel-
fare of rural households, estimated at 12,9%. One key aspect of their findings is the consideration
of risk in migration decisions. The study suggests that if migration is perceived as risky, imple-
menting a temporary subsidy could incentivize migration by improving risk sharing mechanisms.
This subsidy enables individuals to engage in profitable temporary migration, thereby enhancing
their welfare and contributing to overall economic well-being in rural areas of Bangladesh.

A notable feature highlighted in the literature review is that the study of migration has pre-
dominantly been approached from an empirical and/or partial equilibrium perspective. However,
there is a growing body of literature that examines international migration, brain drain, and return
migration within a general equilibrium framework.5 Theoretical advancements in this direc-
tion have been made, with efforts focusing on applying the two-period life-cycle Overlapping
Generations (OLG) model to the migration literature. Galor and Stark (1990, 1991) are among
the pioneering researchers who introduced this framework, paving the way for further theoretical
developments in understanding the broader economic implications of migration dynamics.

Despite significant advancements in migration research, the comprehensive analysis of the
welfare effects of migration remains an area that requires further attention. Understanding the
welfare implications of migration policies and dynamics is vital for making informed decisions
and formulating effective policies.

The papers closely related to ours include Vidal (1998), Docquier and Rapoport (2007), Chami
et al. (2006), and Di Giovanni et al. (2015) . Vidal’s work constructs a general equilibrium model
based on Galor and Stark (1990, 1991). However, our approach differs in that we utilize a fully
specified general equilibrium model with heterogeneous agents, rather than a two-period life-
cycle representative agent OLG model. Vidal explores the effect of migration on human capital
formation and output analytically, demonstrating that migration can incentivize human capi-
tal formation in the source country, potentially fostering economic growth. On the other hand,
Docquier and Rapoport (2007) analyze the consequences of skilled migration for source countries
using a one-period representative agent general equilibrium model. They find that an optimal
high-skilled migration rate is positive and discuss the effects of migration and education poli-
cies on human capital. Their analysis suggests that policies restricting the international mobility
of high-skilled individuals could diminish the long-run level of human capital stock and output.
Chami et al. (2006) evaluate the optimality of labor income taxes and monetary growth in the
presence of remittances using a general equilibrium model with representative agents. However,
their model lacks certain features crucial to the migration literature, such as human capital con-
siderations, migration decisions, and agents heterogeneity. Our study aims to bridge these gaps
by employing a fully specified general equilibrium model with heterogeneous agents, allowing
for a comprehensive analysis of the welfare and economic implications of migration dynamics,
including human capital and migration decisions.

Di Giovanni et al. (2015) propose an alternative approach to studying migration within a
general equilibrium framework. Their paper assesses the welfare impact of observed levels of
migration and remittances using a quantitative general equilibrium multi-sector model of the
world economy, calibrated to aggregate and firm-level data. While this model offers an alternative
method to evaluate the general equilibrium and welfare effects of migration in a framework that
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includes international trade, there are differences compared to our approach. They use country
averages as the unit of analysis, and their welfare measure is the average income of workers rather
than the CEV. Additionally, their model does not incorporate a competitive transition when eval-
uating the welfare effects of migration. Aubry et al. (2016) also adopt a multi-country model of
migration within OECD countries. They demonstrate that the welfare effects of migration vary
heterogeneously across OECD countries. This study contributes to understanding the nuanced
impacts of migration within specific regional contexts, shedding light on how different countries
may experience diverse welfare outcomes in response to migration flows.

3. The model
Our model builds upon the stochastic neoclassical growth model with heterogeneous agents and
incomplete markets, as established by Aiyagari (1994). We extend Aiyagari’s framework to incor-
porate key features relevant to economies where migration, remittances, return migration, and
brain drain play significant quantitative roles. Here are the main features of the model:

• Migration in Incomplete Markets: We analyze migration within an incomplete market
setup, allowing us to explore the insurance aspect of migration and remittances.

• Household-Level Migration Decisions: Recognizing that migration decisions are often
made at the household level, we incorporate optimal migration decisions into our model.

• Inclusion of Human Capital: We explicitly consider the human capital of workers,
acknowledging the importance of skills and education in migration dynamics and eco-
nomic outcomes.

• Schooling Externality: To capture the negative impact of brain drain on worker produc-
tivity, we introduce a schooling externality. This justifies potential policy interventions to
address brain drain.

• Endogenous Remittances: We model remittances as endogenous, allowing households
with migrants abroad to decide on the optimal amount of remittances to send.

• Competitive Firms with Capital-Skilled Labor Complementarity: Firms operate under
competitive conditions with a production function characterized by capital-skilled labor
complementarity.

• Stylized General Equilibrium Framework: We integrate these features into a stylized gen-
eral equilibrium framework to analyze the interactions between migration dynamics and
economic outcomes comprehensively.

By incorporating these elements, the model provides a comprehensive framework for studying
the complex interplay betweenmigration and economic dynamics in economies wheremigration-
related factors are significant.

3.1 Environment
The model structure consists of a small open economy6 populated by infinitely lived risk-
averse workers. Agents discount future consumption using β∗ as the subjective discount factor.
The number of households in this economy remains constant, normalized to 1 for simplicity.
Additionally, households are assumed to be born and die at a constant rate φ each period, ensur-
ing a stable aggregate population.7 Newborn households start with no assets. In this setup, the
effective discount factor is represented as β = (1− φ)β∗.
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In this economy, heterogeneity exists at the household level, primarily in terms of household
size. The number of workers in each household varies based on the migration state. In the non-
migration state, each household comprises n workers, whereas in the migration state, it consists
of n− 1 workers. Additionally, workers are heterogeneous ex ante based on their skill level. We
consider two skill levels: unskilled workers, indexed as “U,” and skilled workers, indexed as “S.”

Households exhibit ex ante heterogeneity due to the distribution of skills within each house-
hold. With n workers per household, and each worker being either skilled or unskilled, there
can be up to n+ 1 distinct household types based on this distribution of skills.8 We let i, i ∈
{1, 2, . . . , n+ 1}, denote the i-th household type and j, j ∈ {1, 2, . . . , n}, denote the j-th household
member.

In the model, each individual has one unit of time available, which must be allocated to work.
The gross labor income of the i-th household is represented by:

∑n
j=1 wijhijzij, where wij is the

wage per efficiency units of hours of work for the j-th household member in the i-th household
type. Likewise, hij denotes the human capital stock and zij is the idiosyncratic productivity shock.
Both the wage and the human capital can only take two values, depending on the worker’s skill
level: wij ∈ {wU ,wS} and hij ∈ {hU , hS}.

In this economy, the government plays a dual role. It taxes the total income of workers at a rate
τ and returns the collected tax revenues to each household in the form of lump-sum transfers. It’s
important to note that this distortionary tax affects both labor income and the return on savings.
Additionally, transfers consist of a lump-sum transfer�1 to each household and return migration
transfers�2.

The idiosyncratic productivity of household members is correlated, meaning that if one mem-
ber experiences a positive productivity shock, it’s likely that the others will also be affected
similarly. This correlation is captured by the joint household productivity process Zi, where
Zi = [zi1, . . . , zin], follows a continuous vector autoregressive (VAR) process Z′

i = �Zi + υi, where
υ ∼N(0,�), � is the varianze-covarianze matrix, and � denotes the autoregressive coefficient of
each worker’s productivity process.

The human capital of each individual hij is determined by a production function:
hij = ϕ exp (φ0sij + φ1S). Here, sij represents the years of education, S is the average years of edu-
cation in the economy, ϕ is a scale parameter for standardization of human capital, φ0 represents
the private return to education, and φ1 captures the externality induced by the average years of
education in the economy. Introducing the concept of private return to education to capture
individual-level heterogeneity in the loss of human capital due to skilled migration is an addi-
tion to the model. This approach allows for a better understanding of the effects of migration on
human capital, as it accounts for the differential effects on individuals based on their education
levels. Moreover, by incorporating the notion of private returns, we are also recognizing the poten-
tial negative externalities associated with skilled migration, which can have broader implications
for the economy beyond just the individuals directly involved in migration. Even though edu-
cation is exogenous in the model the formulation captures the externality of the average human
capital loss due to endogenous skilled migration. Furthermore, the introduction of this schooling
externality provides a rationale for implementing policies aimed at preventing or mitigating the
negative effects of skilled migration.

The model captures the schooling externality channel of migration, wherein skilled migration
influences aggregate schooling levels. However, an inherent limitation is that the education deci-
sion is treated as exogenous. Consequently, the model may overlook additional education effects
associated with migration and remittances. For instance, remittances can positively impact edu-
cation by supporting children’s educational expenses and fostering higher schooling levels in the
economy. This is supported by literature such as Stark (1991), and Rapoport and Docquier (2005).
However, empirical evidence also suggests potential negative effects of migration on education.
For example, migration of family members may discourage children’s educational progress due
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to the prospect of seeking employment abroad, which may not require or reward educational cre-
dentials from the home country. Studies like Pederzini and Meza (2008), McKenzie and Rapoport
(2011) have found that rural youth in migrant households are less likely to attend school and
may have lower educational attainment compared to those in non-migrant households. Therefore,
while migration and remittances may have positive impacts on education through financial sup-
port, they can also have negative consequences on schooling participation and attainment. Thus,
the endogenous effects of migration and remittances on education are complex and could be offset
in aggregate terms by the mixed effects they exert.

Households have the option to save, with only one asset available for this purpose denoted by a,
where a ∈A and A represents a compact set defining the savings state space. However, households
face borrowing constraints, implying that their savings must be non-negative (a≥ a, a= 0). As a
result, households can only finance their expenses—including consumption, migration costs, and
savings—using their labor income or the interest generated by their accumulated wealth. This
incomplete market scenario arises because there is only one asset available for households to use
in insuring against idiosyncratic shocks.

The household utility is represented by u(c) and it is strictly increasing and concave in con-
sumption (u′(c)> 0 and u′′(c)< 0). The instantaneous utility of a household without migrants
abroad, referred to as the “stayer household,” is specified by the following functional form.

u(c)= n
c1−σ

1− σ
(1)

Each stayer household makes optimal decisions every period regarding per capita consump-
tion, savings, and migration. Migration is regarded as a family decision, meaning that each stayer
household chooses to send one of its family members abroad.9 Every period, a stayer household
receives a migration offer, the probability of which depends on the household’s type (pi). The
migration cost is denoted by � and is paid from the household budget during the migration
period.

The incorporation of migration probability by skill type into the model underscores the impor-
tance of institutional arrangements and policy frameworks in shaping migration patterns and
brain drain dynamics. By allowing for differential migration opportunities based on skill level,
the model reflects real-world phenomena such as quota systems that prioritize skilled migration
in many host countries. The emphasis on skilled workers receiving more migration opportu-
nities aligns with observed trends where host countries often have policies favoring skilled or
high-demand workers for immigration. Such quota systems or skill-based selection criteria reflect
the perceived economic benefits of attracting skilled labor, which may contribute to brain drain
concerns for source countries.

Introducing amigration technology that incorporates both a commonmigration cost and skill-
specific migration offers is a realistic approach to capture the complexities of migration decisions,
particularly in contexts with high heterogeneity among workers. The migration cost by itself does
not generate enough migration rate by skill type (as we shown in the sensitivity analysis section).
By considering both factors, the model can accurately represent the factors influencing individual
migration decisions and the overall migration rate by skill type. The migration offer by skill type
allows for a more accurate representation of migration dynamics, as it acknowledges that not all
individuals may have the opportunity to migrate even if they desire to do so. This mirrors real-
world scenarios where individuals may be willing to migrate but are constrained by factors such
as access to migration opportunities.

The migration decision is based on a two-step comparative advantage mechanism. In the first
step, the household chooses the potential migrant from among members of the family. It is done
by comparing the household lifetime value of migration for each member. At this stage, the cur-
rent productivity shock as well as the future expected productivity shocks for each household
member is known such that the household may know which household member has the best
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Figure 1. Timing of the household migration decision process.
Note: Stayer is a householdwithoutmigrants andMigrant is a householdwith amigrant abroad. Returnmigration is allowed
after 2 periods of migration.

comparative advantage to migrate in terms of the household lifetime value of migrating. Given
that productivity shocks are discretized, it may be the case that two (or more) household mem-
bers may have the same skill and productivity shock such that both may have the same lifetime
value. In such a case the household decides to send abroad one member randomly. In the sec-
ond step, and once the migration offer arrives, the household decides to send abroad the potential
migrant if the offer is good enough in terms of the household lifetime utility.10 (See Fig. 1 for a
graphic description of the migration decision process). Labor income abroad is exogenous. We let
wU denote unskilled migrants’ labor income and wS denote skilled migrants’ labor income.11

A migrant household values the utility of each of its members, including the member that
works abroad. We denote by c̃ the consumption of the migrant worker, and the instant utility of a
migrant household is represented by the following functional form.

u(c)= (n− 1)
c1−σ

1− σ
+ c̃1−σ

1− σ
(2)

We consider that the migration decision period is a special one. The first-period migration
problem differs from the remaining periods since during this period remittances are zero. This
assumption makes the model more realistic. During the first period, the migrant must assimilate
to the new labor market conditions in the host economy. Additionally, they must spend resources
to cover some expenditures like installation costs as well as job search efforts in the host econ-
omy. These features would reduce the ability to generate income during the migration period and
therefore may limit the migrant’s ability to send remittances. The assumption also allows us to set
up the return migrant problem, in this case, return migration is allowed only after one period of
migration.

The decision on remittances is made by the household and depends on the prevailing eco-
nomic conditions in both the source and the host country. We believe that households with a
migrant abroad face uncertainty surrounding the remittances that they could potentially receive.
We introduce the variable R, which denotes the migrant’s option to send remittances. R can take
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two values: R= 0 if the migrant has the option to send remittances and R= 1 otherwise. The
uncertainty of remittances is captured by the probability of sending remittances, denoted by πre,
πre = Pr ob(R= 1). Formally, R is a two-state stochastic variable that follows an independent and
identically distributed (i.i.d.) process.12 The migrant may send remittances every period except
during the migration period. Additionally, once the remittances option is realized, the household
decides on the optimal monetary value of remittances through the policy rule Re(.). Note that
labor income abroad (wU , wS) and πre summarize the economic conditions in the host economy;
good economic conditions may translate into both higher remittances and a higher probability of
sending back remittances.

Introducing a remittance probability parameter in the model is a realistic way to account for
the observed phenomenonwhere not every household with amigrant abroad receives remittances.
This acknowledges the various barriers and constraints, both financial and institutional, that may
affect the ability of migrants to send remittances back to their home countries. The inclusion of
remittance probability allows the model to capture the complexities of the remittance process,
which can be influenced by factors such as the level of financial development and inclusion in the
host country, as well as regulatory and institutional arrangements affecting remittance channels.
For example, migrants may face high transaction costs, limited access to banking services, or legal
restrictions on remittance transfers, all of which can affect the likelihood of remittance transmis-
sion. By incorporating remittance probability as a parameter, the model can simulate different
scenarios reflecting varying levels of ease or difficulty in sending remittances, thereby providing
insights into the potential impacts of policy interventions aimed at reducing barriers to remittance
transfers.

In themodel, migrants are allowed to return after staying at least one period in the host country.
Return migration is incentivized by a cash transfer policy, denoted as (�2), which is conditional
on the returning migrant’s skill level. These transfers are funded by distortionary income tax rev-
enues. In this setup, the government has an interest in promoting skilled return migration, as
increasing the average human capital of the economy can lead to welfare improvements through
the externality channel. Moreover, it is assumed that return migrant transfers are permanent. This
assumption aligns with many return migration policies worldwide, which often provide support
to return migrants for extended periods.

Return migration is modeled as an absorbing state, meaning that once a migrant worker
returns, they remain in the source country indefinitely. Finally, output production occurs in a
competitive market environment with a constant returns to scale production function, similar to
the framework described by Krusell et al. (2000). We will explain in detail the production process
later.

3.2 Recursive representation
3.2.1 Household problem
Denote by V(a,
, Z; i) the lifetime value function of a type i stayer household, where a accounts
for the household’s asset position, and 
= {hi1, hi2 . . . , hin} is the household’s stock of human
capital. Similarly, Z = {zi1, zi2, . . . zin} is the household’s idiosyncratic productivity shock, and

−k = {hi1, . . . hik−1, hik+1, . . . , hin} represents the household’s stock of human capital when the
k-th family member has migrated. Likewise Z−k is the household’s productivity shock when the
k-th member has migrated.13

The stayer household problem. The problem of a household with no migrants abroad has the
following recursive representation:

V(a,
, Z; i)= max
{c≥0,a′≥a,DR′}

⎧⎪⎪⎨⎪⎪⎩
nc1−σ
1−σ +

β(piE[Max
{
V1
k (a

′,
′
−k, Z

′
−k; i),V(a

′,
′, Z′; i)
}
]

+(1− pi)E[V(a′,
′, Z′; i)])

⎫⎪⎪⎬⎪⎪⎭ (3)
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Subject to

nc+ a′ = (1− τ )
n∑
j=1

wijhijzij +�1 + (1+ (1− τ )r)a

Z′ = �Z + ν; ν ∼N(0,�)

′ = 


V1
k (a

′,
′
−k, Z

′
−k; i) = Max{V1

j (a
′,
′−j, Z

′−j; i)}nj=1

V1
k (a,
−k, Z−k; i) denotes the lifetime value of a type i household in which its k-th family

member migrated at the beginning of the current period. As we mentioned before, the migra-
tion decision implies a two-step procedure. In the fist step, the family chooses its potential
migrant by a comparative advantage mechanism; formally, the k-th family member is the poten-
tial migrant if V1

k (a,
−k, Z−k; i)=Max{V1
j (a,
−j, Z−j; i)}nj=1. In the second step, the household

faces the migration decision, which is made by comparing the household’s lifetime value of
staying in the source country with the household’s lifetime value when the potential migrant
migrates. DR(.) represents the household’s migration decision rule at the beginning of the current
period: DR(.)= 1 if migration is the best option, V1

k (a,
−k, Z−k; i)>V(a,
, Z; i), and DR(.)= 0
otherwise.

First-period migration problem. The problem of a type i household in which its
k-th member migrated at the beginning of the period has the following recursive represen
tation:

V1
k (a,
−k, Z−k; i)= max

{c,̃c,a′≥a}

{
(n− 1) c

1−σ
1−σ + c̃1−σ

1−σ
+βE[Vm

k (a′,
′
−k, Z

′
−k, R; i)]

}
(4)

Subject to

(n− 1)c+ a′ +� ≤ (1− τ )
n∑

j	=k
wijhijsij +�1 + (1+ (1− τ )r)a

Z′
−k = �Z−k + ν−k; ν−k ∼N(0,�−k)


′
−k = 
−k
c̃ = wik

Vm
k (a′,
′

−k, Z
′
−k, R; i) denotes the lifetime value of a type i household in which its k-th member

had migrated sometime before the current period. We include R as a state variable in this case,
since the optimal monetary value of remittances is chosen conditional on the realization of the
opportunity to send remittances.

Migration problem. The problem of a type i household in which its k-th member lives abroad
has the following recursive representation:

Vm
k (a,
−k, Z−k, R; i)= max

{c,̃c,a′,Re,DR2}

{
(n− 1) c

1−σ
1−σ + c̃1−σ

1−σ
+βE[ max{Vm

k (a′,
′
−k, Z

′
−k, R

′; i);Vre
k (a

′,
′
k, Z′; i)}]

}
(5)
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Subject to

(n− 1)c+ a′ = (1− τ )
n∑

j	=k
wijhijzij +�1 + (1+ (1− τ )r)a+ R ∗ Re

Z′
−k = �Z−k + ν−k; ν−k ∼N(0,�−k)

c̃+ R ∗ Re = wk

′

−k = 
−k
R ∼ iid

The problem of a migrant household includes a decision on remittances (Re), which is condi-
tional on the realization of the opportunity to send remittances. If the migrant is allowed to send
remittances (R= 1), then the household will decide on the optimal monetary value of the transfer;
otherwise, remittances are zero, and the migrant abroad consumes his income. Additionally, the
migrant budget constraint holds with equality (thus, consumption+ remittances=wage abroad);
hence the underlying assumption is that the migrant cannot save beyond the possibility to send
remittances. Vre

k (a
′,
′

k, Z′; i) is the lifetime value of a type i household in which its k-th mem-
ber has returned from migration. The household also decides over the return migration policy
rule DR2(.), which can take two values, DR2(.)= 0 if return migration is an optimal choice and
DR2(.)= 1 otherwise.
k = {hi1, . . . hik−1,hik,hik+1, . . . hin,} represents the human capital stock of
a family when its k-th member returns from the host country.

Return migration problem. The problem of a return migrant household, whose k-th member
has returned, has the following recursive representation.

Vre
k (a,
k, Z; i)=max

{c,a′}

{
n
c1−σ

1− σ
+ βE[Vre

k (a
′,
′

k, Z
′; i)]

}
(6)

Subject to

nc+ a′ ≤ (1− τ )(
n∑

j	=k
wijhijzij +wkhkzk)+ (1+ (1− τ )r)a+�1 + 1[�ik=S]�2

Z′ = �Z + ν; ν ∼N(0,�)



′
k = 
k

where Vre
k (a,
k, Z; i) denotes the value of a household with a return migrant. The two terms

�2 and 1[�ik=S] capture the government’s return migration policy: �2 is the monetary transfer
for return migrants and 1[�ik=S]

14 is an indicator function that is equal to one only when the
returning migrant is skilled (�ik = S). We consider that the migrant may gain in terms of human
capital during his migration spell. The human capital of the returning migrant is denoted by hk
and it is proportional to the before-migration stock of human capital (hk = ζhk). The term ζ >

1 represents the human capital gain during the migration spell.15 Finally, we assume that the
returning migrant worker will stay in the source country; in terms of the model it means that
return migration is an absorbing state.

The state of the economy, denoted by �, includes all possible values of the state variables:
wealth, human capital, productivity shock, migration status, and remittances. Additionally, an
index variableM, whereM ∈ 0, 1, is included to track the current migration status of each house-
hold: households without migrants are denoted by M = 0, and those with a migrant abroad are
denoted byM = 1. Then, the policy rules that solve the household problem can be represented in
the following manner: a′(�; i), c(�; i), c̃(�; i), DR(�; i), and Re(�; i).
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3.2.2 Production
Production takes place in a competitive environment. There is a continuum of firms that have
access to a nested CES production function as used in Krusell et al (2000).

Y = F(K,HU ,HS)=
[
χ

{
ηKρ + (1− η)HρS

} δ
ρ + (1− χ)HδU

] 1
δ

, (7)

where χ and η are the share parameters. The parameters δ and ρ govern the elasticity of sub-
stitution between unskilled labor input and physical capital, and between skilled labor input and
physical capital, respectively. K is the aggregate capital stock that depreciates at a constant rate δk,
HU is the aggregated efficiency units of unskilled labor and HS is the aggregated efficiency units
of skilled labor. This type of production function reflects complementarity between capital and
skilled labor, as well as between capital and unskilled labor. The complementarity between capital
and skilled labor may be higher than the complementarity between capital and unskilled labor.
This feature allows the model to capture a well-documented aspect of the brain-drain literature:
the departure of skilled workers can negatively impact the source country by reducing the return
to capital due to the scarcity of skilled labor. Aggregate variables are computed by summing up
the corresponding variables at the individual level.

Aggregated variables are computed from individual policy rules and by using themeasure (size)
of each worker. The measure of households of type i is denoted by αi and it is computed from
the stationary distribution μi(�),

∫
�

dμi(�)= αi. The total measure of households is normalized

to one:
n+1∑
i=1

αi = 1. Furthermore, given that the economy is inhabited by households of different

sizes, the number of persons is represented by N =
n+1∑
i=1

αiNi, where Ni represents the number of

persons of type i. The latter is computed by adding up the persons of both the stayers’ and the
migrants’ households: Nτ = ∫

�,M=0
ndμi(.)+

∫
�,M=1

(n− 1)dμi(.). The aggregate stock of physical

capital is obtained from K = ∑
i
αi

{∫
a′(�; i)dμi

}
.16 Similarly, aggregate labor in efficiency units

of each skill type (HU ,HS) is computed by aggregating the efficiency units of labor provided by
each type of worker. This aggregation considers both the idiosyncratic productivity shock and the
human capital stock of each worker.

3.2.3 The government
The government operates under a balanced budget constraint, where total expenditures (TRA)
are equal to total revenues (TAX). Total revenue is derived from aggregated distortionary taxes on
total income, including both labor income and savings returns. Total expenditure, on the other
hand, encompasses aggregated lump-sum transfers (�1) and return migration transfers (�2).
While the primary functions of the government involve taxes and transfers, it may also influ-
ence migration policy, remittances policy, and return migration policy. Through simulations, we
can explore the impact of these policies on model outcomes.

4. The stationary competitive equilibrium

Definition 1. A recursive competitive equilibrium consists of a set of policy rules for the household
regarding consumption, savings, migration and remittances: c {�; i}; c̃ {�; i}; a′ {�; i}; DR {�; i};
Re {�; i}; a stationary probability measure of households [μi]; aggregate factors, output and prices:
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K,H,HU ,HS, Y , r,wU,,wS,wU ,wS; total tax revenues TAX and total transfers TRA; and household
value functions, V(.); V1(.); Vm(.), such that the following conditions hold:

(i) Given r,wU ,wS, agents’ decision rules
{
c(.); c̃(.); a′(.);DR(.); Re(.)

}
solve the household

problem (from 3) to (5).
(ii) The goods market clears.

F(K,HU ,HS)− (1− δk)K =
n+1∑
i=1

αi

⎧⎨⎩
∫
�

[1[M=0]nc(.)+ 1[M=1](n− 1)c(.)+ a′(.)+
1[DR=1] ∗�− 1[R=1] ∗ Re(.)]dμi

⎫⎬⎭ (8)

(iii) The factors market clears. Aggregate capital and aggregate labor are computed from
individual decisions.

(iv) Firms maximize profits in a competitive market. Prices are defined by the following
conditions.

r + δk = ∂

∂K
F(K,HU ,HS) (9)

wU = ∂

∂HU
F(K,HU ,HS) (10)

wS = ∂

∂HS
F(K,HU ,HS) (11)

(v) Government balances its budget: aggregate tax revenues are equal to total lump-sump transfers

TAX = TRA
(vi) Aggregate and individual years of education are consistent.17

S= sUNU + sSNS
N

(vii) The law of motion of distribution is stationary.
μ′
i =μi

We now turn to describing the calibration procedure.

5. Calibration
We calibrate the parameters of the model to ensure that the stationary equilibrium closely mir-
rors key economic features of a typical small economy where migration, remittances, and brain
drain are significant factors. Guatemala is economy that fulfills those requirements: First, the
migration rate18 in Guatemala is high, since around 11% of the adult population lives abroad.
Second, brain drain is important, since the skilled migration rate is around three times the
unskilled migration rate. Finally, the yearly remittances flow in Guatemala represents around 10%
of GDP during the period 2004–2009.

We calibrate the parameters of the model following a two-step strategy. In the first step we
solve the model without return migration, and in the second step we introduce return migration
by using the parameters of the model with migration. The two-step procedure allows us to identify
the return migration outcomes.

In the first step of our calibration strategy, the value of a group of parameters is chosen based
on the fact that each of them is closely related to the value of a specific moment or target. Then, the
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simulated method of moments provides a systematic way to estimate the remaining parameters
by matching additional moments or targets generated by the model with those observed in the
data. We briefly explain our calibration strategy.

The length of time is one year. The probability of dying is chosen so that a worker spends on
average 45 years working (φ = 0, 02). The risk-aversion parameter is fixed at σ = 2, 5, which is
consistent with the common use in the neoclassical literature.

We follow a common procedure from the labor economics and migration literature and we
relate skills with school attainment (Heckman et al. (1998), Docquier and Marfouk (2005)).
Workers in our model are 25 years or older and the number of skilled agents is approximated
by the number of persons who finished secondary or high school education. Similarly, unskilled
workers are those with, at most, a primary education. The number of workers per household is set
at n= 3, which is consistent with the average number of working age persons per household in
Guatemala.

The measure of households of each type (αi) is estimated from ENCOVI-2006.19 Skilled work-
ers are identified by their education level and the following rule is used to compute ατ . Type 1 is
represented by those households in which the proportion of skilled workers is less than or equal
to 25% (α1 = 0, 51); type 2 is represented by those households in which the proportion of skilled
workers is more than 25% but less than or equal to 50% (α2 = 0, 04); in type 3 the proportion of
skilled workers is more than 50% but less than or equal to 75% (α3 = 0, 16); and in type 4, the
proportion of skilled workers is more than 75% (α4 = 0, 29). In the model, since each household
has 3 members, household type is identified by the following rule: in household type 1 all mem-
bers are unskilled, in household type 2 one member is skilled and two members are unskilled, in
household type 3 two members are skilled and one member unskilled, and in household type 4 all
household members are skilled.

Remittances arrive with probability πre = 0.30. This choice is consistent with the fact that
around 30% of households with migrants abroad receive remittances (ENCOVI-2006).

Three parameters characterize the VAR(1) productivity process. Both the autoregressive coeffi-
cient (�) as well as the standard deviation (σv) of the idiosyncratic productivity shock are the same
for each family member. Additionally, we consider that the correlation coefficient of the produc-
tivity shock between two family members (ρv) is similar for each pair of workers. We set �= 0, 70
and ρv = 0, 5. σv will be estimated by the simulated method of moments. Each of the idiosyncratic
productivity processes is discretized to a 5-state discrete shock using an extension of the Tauchen
(1986) procedure for multivariate processes.

We borrow some parameters of the production function from the corresponding literature. The
elasticity of substitution between skilled labor and capital ( 1

1−ρ = 0, 6) is consistent with the values
reported by Krusell et al. (2000).20 We consider that capital is relatively more complementary
to skilled labor than it is to unskilled labor ( 1

1−δ = 2). Given that our model is being applied to
a representative developing economy in which skilled labor is scarce, our assumption may be
realistic enough. This assumption, however, needs to be tested by using specialized household
surveys that are scarce in developing economies like Guatemala. The share parameters, χ and
η, are closely related to the wage premium and the capital income share. The wage premium
in Guatemala is 4,7 and it is equal to the relative income of skilled and unskilled workers (see
Table 1). They are estimated by the simulated method of moments as we will explain later. The
physical capital depreciation rate is set at δk = 9%.

Two moments are used to identify the labor income abroad (wS and wU): the skill gap abroad
( wS
wU

) and the relative earnings between the host and the source country ( WHost

WSource ). We set the skill
gap abroad equal to 2, 8 consistent with the values reported from the CPS (2000); furthermore,
we use the ratio GDPUSA

GDPGuatemala = 8, 0 in per capita terms as a proxy for the relative labor earnings
between these two countries. wU is set based on the value of the skill gap (wS = 2, 8wU) abroad
and wS is estimated together with the remaining parameters.
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Table 1. Characteristics of workers by skill type

Income Education (%) Average years Migration

(Average= 1) Education (%) of education rate
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skilled 2,69 21,5 12,9 17,0
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unskilled 0,57 78,5 6,0 6,0
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Total 1,00 100 8,3 11,0

Note: The average income is standardized to 1.
Source: Encuesta Nacional sobre Condiciones de Vida 2006.

The tax rate, τ , is set at 0, 1 so that the tax revenue is around 10% of GDP. The lump-sum
transfer tr1 is set in equilibrium and it balances the government budget. We target an equilib-
rium in which the average years of education is around 8, 5, which is close to the average years of
education of the adult population who finished at least a primary education (ENCOVI-2006). We
also target the average years of education by skill type, 6 for unskilled workers and 12,9 for skilled
workers (see Table 1).

Choosing parameters for the human capital production function that align with empirical evi-
dence is crucial for ensuring validity of the model’s predictions. The values we’ve selected for
the private and social returns to education are grounded in existing research on Guatemala and
Mexico. The private return for one additional year of education, as estimated from the Mincer
Equation literature for Guatemala (φ0 = 0, 1), reflects the individual-level benefits individuals
derive from investing in education (Montenegro and Patrinos (2014)). This value captures the
earnings increase associated with higher levels of education and serves as a proxy for the private
incentives for education. Additionally, setting the social return of education to 0,01, (φ1 = 0, 01)
as observed in the study by Céspedes (2014) for Mexico, accounts for the broader societal bene-
fits of education beyond just individual earnings. The scale parameter ϕ is set at 1,0

7,5 . This value is
chosen so that the saving policies belong to a computationally feasible space.

The remaining eight parameters (β , pi,�, χ , η, σv,wS) are jointly estimated by using the
Nelder-Mead (1965) algorithm. Briefly, the method consists of choosing iteratively these param-
eters such that the moments delivered by the model are close enough to the empirical moments.
The parameters considered helps to identify the eight moments of Table 2. We briefly mention
what moments help identify which parameters. The discount factor identifies the capital out-
put ratio. The type-specific migration probabilities identify the type-specific migration rates. The
migration cost identifies the migration cost—labor income ratio. The skill premium is closely
related to η and the capital income share is identified by χ . The skilled labor income abroad is
related to the host country—source country labor income gap. Finally, the standard error of the
productivity sock identifies the labor income standard error.21

Computing the stationary equilibrium involves iteratively adjusting prices, lump-sum trans-
fers, and average years of education until the economy reaches a state where market-clearing
conditions are satisfied. This iterative process ensures that factor prices align with their marginal
productivities, individual education levels match aggregate education targets, and government
revenues match expenditures.22 The calibrated parameters of the model are summarized in
Table 2. In Appendix A.2 we explain our computational procedure.

In the second step of the calibration process, we integrate return migration into the model by
building upon the solution obtained in the first step, which focused solely on migration. Return
migration introduces two additional parameters: the return migration transfer, denoted as �2,
and the brain-gain parameter, denoted as ζ . We calibrate these parameters using two empirical
moments that help identify their values: The percentage of migrants who return to their birth
country after a period of migration, which typically ranges between 15% to 20%, and the aver-
age increase in human capital experienced by returning migrants, which is typically around 20%
higher than their human capital level before migration. To incorporate return migration into the
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Table 2. Parameters of the calibrated model with return migration

Description Parameter Values

Preferences β 0,955
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

σ 2,5
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Household size n 3
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Probability of dying φ 0,002
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Technology
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

χ 0,78
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

η 0,50
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ρ – 0,67
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

δ 0,50
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Physical capital depreciation δk 0.09
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Type size αi 51%; 4%; 16%; 29%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Productivity process
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

� 0,70
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

σv 0,41
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ρv 0,50
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Migration probability pi 0,27%; 0,27%; 1,3%; 1,3%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Remittances probability πre 0,30
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Migration cost � 0,125
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skilled wage abroad wS 1,890
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unskilled wage abroad wU 0,675
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Return migration transfer �2 0,4
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Brain gain parameter ζ 1,2
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Tax rate τ 0,10
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Human capital
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Private return of education φ0 0,10
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Externality of education φ1 0,01
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unskilled education SU 6,0
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skilled education SS 12,5
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Scale parameter ϕ 1/7,5

model, we keep the lump-sum transfer�1 equal to the solution obtained from the migration-only
model. We then iterate over the tax rate to ensure that aggregated tax revenues are equal to total
transfers, including �2. This proportional tax approach helps support �2, which facilitates the
return migration process while maintaining fiscal balance within the model. With ζ = 1, 223 and
�2 = 0, 4 the model generates moments that are close to the corresponding empirical ones.

Table 3 presents a comparison between the model’s predicted moments and their correspond-
ing empirical targets. We observe that the model closely replicates several key economic features:
The model predicts a capital output ratio of 2, 05, which is in close proximity to the observed
value of 2, 2. The model’s predicted migration rates for skilled and unskilled workers are consis-
tent with their observed counterparts, the skilled migration rate in the model is 17, 2%, matching
the targeted value of 17%, similarly, the unskilled migration rate is 6, 0%, aligning with the
empirical data. In terms of inequality, the model generates a skill gap of 4, 71, which closely resem-
bles the empirically observed level of inequality. Overall, these results indicate that the model
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Table 3. Moments

Moments Data Model

1 Capital/Output 2,2 2,05
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2 Skilled Migration Rate 17,0% 17,2%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3 Unskilled Migration Rate 6,0% 6,0%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

4 Migration Cost/Labor Income 0,50 0,50
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

5 Skill Premium 5,50 4,71
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

6 Aggregate Labor Income Share 0,70 0,79
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

7 Income Standard Deviation (log) 1,10 0,90
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

8 IncomeUSA/IncomeSource ∼8,0 7,30
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Return migration moments
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

9 Return migrants (% of migrants) ∼15,0% 14,1%

effectively captures important economic produces outcomes that are consistent with real-world
observations.

The endogenous generation of brain drain and the approximatematch of remittances to empir-
ical data are notable features of ourmodel. Themodel predicts a skilledmigration rate nearly three
times higher than the unskilled migration rate, reflecting real-world trends where skilled individ-
uals are more likely to migrate. Additionally, remittances account for approximately 10% of GDP
in the model, aligning closely with empirical observations from 2008. These are indicators of the
models’ performance, since they were not targeted by the calibration procedure and they were
endogenously delivered by the model.

Finally, after comparing the empirical moments and the moments generated by the model, we
conclude that our model is a good approximation of the economy under consideration.24 We now
attempt to use the model to perform a set of experiments in order to answer some of the questions
posed.

5.1 Some limitations of the GE approach
The general equilibriummodel captures themain features of an economywith high-skilledmigra-
tion; however, it may have some limitations because we do not consider all aspects and/or sectors
of the economy in themigration source country. It’s understandable that a comprehensive analysis
of migration and its macroeconomic effects would require considering various aspects beyond the
scope of our model. Computational limitations can indeed constrain the complexity of the model
and the inclusion of additional factors such as international trade or the impact of remittances
on the balance of payments as well as the financial market. These macro aspects of migration and
remittances are remarkable for an economy with high migration and international remittances.
However, by focusing on the household-level decision tomigrate and incorporating key features of
migration dynamics, our model provides valuable insights into the microeconomic implications
of migration and remittances.

Likewise, the effects of international migration on the labor market of the host country are not
modeled. This assumption is based on the observation that the source country is small and the
impact on the labor market of the host country is minimal due to the relatively small size of the
migrant population compared to the host country’s labor force. For example, total migrants from
Guatemala in 2020 represent 0,1% of the US labor force and it is unlikely that they will affect wages
in the destination country. However, as we introduce in our model, the education wage premium
in the destination country is considered a relevant element in the decision to migrate according
to the education of the workers.
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6. Results
6.1 Accounting for the quantitative effects of migration
Conducting a counterfactual experiment to compare the outcomes of a model with migration
against a scenario where migration is not allowed can offer valuable insights into the overall
impact of migration on various economic indicators and welfare. By contrasting these two sce-
narios, we can evaluate how migration influences key variables such as labor market outcomes,
income distribution, aggregate production, and overall welfare levels in the economy.

The non-migration model is a particular case of the migration model in which we set the
migration probability equal to zero for each household type (pi = 0 for i= 1, . . . , n). The com-
petitive equilibrium of the no-migration model is computed by using the same parameters of the
migration model, it ensures that any differences in outcomes between the two models are solely
attributable to the presence or absence of migration and remittances. We also compute the com-
petitive transition path along the two steady-state solutions. Analyzing the competitive transition
path along the two steady-state solutions can provide valuable insights into how the economy
adjusts over time in response to changes in migration policy and its implications for long-term
economic dynamics.

The quantitative long-run effects of migration, as summarized in columns 3 and 5 of Table 4,
reveal significant impacts on the source country’s economy. Migration influences the econ-
omy in three primary aspects: it decreases output, it increases inequality, and it induces welfare
improvement of the population. We briefly discuss the driving forces behind these results:

Output: The decrease in output by 13, 4% due to migration is primarily influenced by two key
factors: the reduction in physical capital and the decline in aggregate efficiency units of labor.
Specifically, the reduction in skilled labor force has a more pronounced effect compared to the
decreases in both the unskilled labor force and capital stock. Consequently, this leads to a reduc-
tion in the interest rate. Notice that the scarcity of skilled workers in relative terms, due to brain
drain, is the driving force behind the skilled wage increase and the unskilled wage decrease.

Inequality: The increase in income inequality, reflected by an 8% rise in the Gini coefficient of
consumption due to migration and remittances, is driven by a combination of factors that both
decrease and increase inequality. Initially, the departure of skilled workers through migration and
brain drain may lead to a reduction in income inequality. This is attributed to the decrease in
the number of workers in the upper tail of the income distribution, resulting from the outflow of
skilled individuals. However, the effects of migration on wages contribute to an increase in income
inequality. The decrease in wages for unskilled workers, coupled with the simultaneous increase in
wages for skilled workers, exacerbates income disparities. As the skilled labor market experiences
greater demand relative to supply due to migration-induced scarcity, skilled workers command
higher wages, further widening the gap between skilled and unskilled earners. Remittances can
also influence income inequality, since skilled workers are more likely to migrate, remittances
tend to flow disproportionately to households with higher-income potential, thereby contributing
to income inequality. Overall, while skilled migration initially reduces income inequality through
its demographic effects, subsequent changes in wages and remittances exacerbate inequality by
disproportionately benefiting skilled workers and their households.

Brain drain: The endogenous brain drain generated by our model, which leads to a 5,9%
decrease in average human capital per worker, can be attributed to two key features: migration
cost andmigration probability. Migration costs are significant and are paid by the household from
its total income. This implies that only families with sufficient financial resources can afford to
migrate. Consequently, migration becomes a viable option primarily for wealthier households that
can absorb the financial burden associated with migration costs. In contrast, poorer households,
often constrained by borrowing limits, may find it financially prohibitive to undertake migration.
The migration probability varies across household types, reflecting disparities in their socioeco-
nomic characteristics. Wealthier households are more likely to have members migrate, given their
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Table 4. Summary of quantitative effects of migration

No Only Return

migration migration migration % Change

(a) (b) (c) (b)/(a) (c)/(a)

Interest rate 4,553% 4,000 4,461% −12,2 1,2
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unskilled wage 0,2923 0,2865 0,2879 −2,0 −1,9
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skilled wage 0,7388 0,7589 0,7415 2,7 0,4
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Years of Education 8,665 8,416 8,469 −2,9 −2,3
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Lump-sum transfers 0,082 0,070 0,070 −15,6 −15,6
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Tax rate 0,1 0,1 0,139
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Aggregate variables
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Output 1,013 0,859 0,877 −15,2 −13,4
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Capital 2,096 1,813 1,802 −13,5 −14,0
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unskilled labor input 0,573 0,506 0,516 −11,7 −10,1
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skilled labor input 0,759 0,630 0,653 −17,0 −14,0
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Human capital 1,082 0,924 0,949 −14,7 −12,3
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Percapita variables
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Output 0,338 0,307 0,314 −9,0 −7,1
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Capital 0,699 0,648 0,644 −7,2 −7,8
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unskilled labor input 0,324 0,305 0,309 −5,7 −4,3
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skilled labor input 0,617 0,643 0,641 4,1 3,8
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Human capital 0,361 0,330 0,339 −8,5 −5,9
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skill premium 4,816 4,743 4,708 −1,5 −2,2
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Consumption 0,271 0,321 0,311 18,4 14,6
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Labor income 0,245 0,257 0,249 4,7 1,4
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Migration rate - 12,1% 10,6% - -
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Migration rate (unskilled) - 6,3% 6,0% - -
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Migration rate (skilled) - 20,3% 17,2% - -
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Remittances/Output - 0,103 0,09 - -

Note: Results correspond to the case when households are borrowing-constrained (a= 0). Labor of each worker is
measured in efficiency units, and it is equal to the product of his human capital and productivity shock. Human capital of
each worker is defined in terms of individual and aggregated years of education (Section 3.1).

ability to paid the migration costs. Consequently, the migration process tends to selectively draw
skilled individuals, exacerbating the brain drain effect.

The migration decision by skill type is a complex problem in which several competing forces
act. Some of them are a direct assumption like the frequency of offers. This parameter is needed
since in the model the migration cost is not enough to generate a reasonable endogenous migra-
tion rate by skill type. Also, brain drain is driven by the higher probability offers of skilled workers
and by the fact that skilled workers are more likely to migrate because they can afford it in con-
trast to less educated workers. As we show in the sensitivity analysis section as well as in the policy
evaluation section of the paper both the migration cost and the probability to migrate are impor-
tant drivers of the migration decision, also, in the model both variables are exogenous from the
emigrant perspective.

The insurance component of migration: We provide evidence that supports the view that
migration is used as a household insurance strategy to cope against the effects of labor market
risks. The consumption standard error decreases 0, 8% due to migration, which is consistent with
the idea that households use migration in order to smooth consumption.
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The model’s prediction regarding the transition from a closed economy without migration
to an economy where migration is allowed aligns with historical trends observed in Guatemala.
Fig. A5 illustrates that this transition primarily occurs over a period of approximately 30 years
following the opening of the economy to migration. This gradual transition mirrors the historical
evolution of the migration rate in Guatemala over the past five decades, as depicted in Fig. A6.
Historical migration data from Guatemala indicates a steady increase in the migration rate over
time, starting from near-zero levels in the 1960s and reaching approximately 10% by 2010. The
model’s competitive transition captures a similar dynamic, with the migration rate gradually ris-
ing over the simulated period. After five decades, the migration rate in the model approaches
9,5%, closely mirroring the observed migration rate of around 11%. This suggests that the model
captures a substantial portion of the dynamics of the migration rate, accounting for up to 86% of
the observed trend. Overall, the model’s depiction of the transition from a closed economy to one
with migration aligns well with historical migration patterns in Guatemala, providing valuable
insights into the dynamics of migration and its long-term effects on the economy.

One feature of the model is that the transition from the no-migration equilibrium to the equi-
librium with migration is slow. The slow transition is a feature that reflects the slow persistency of
the productivity shocks, the lack of persistency of the migration offers, and the smooth change in
prices. Recall that in the model the migration probability follows an i.i.d. process. The migration
transition path is characterized by a smooth increase in the migration rate once the economy is
open to migration. During the transition the variables that identify the migration shock (migra-
tion offer, migration cost, remittances, and return migration) are constant. On the other hand, we
allow for changes in the GE variables that comprises aggregated education, taxes and transfers,
wages, and interest rate. During the transition the GE evolves such that prices are competitive, we
have consistency at the micro and macro level in terms of education, and the government budget
holds. Based on the simulations we mention that the drivers of the migration rate along the tran-
sition path are the skilled biased migration probability (with low persistency) and the change in
prices and transfers. Since migration probability is skilled biased, the human capital composition
along the transition captures the evolution of brain drain, in this case while the stock of skilled
migrants increases the stock of human capital in the source economy decreases (brain drain).

6.1.1 Welfare analysis
The Consumption Equivalence Variation (CEV) approach provides a framework for evaluat-
ing the welfare effects of policy changes in models with heterogeneous agents (Flodén (2001),
Heathcote (2005)). The CEV measures the proportional change in consumption required to
make households indifferent between two stationary equilibria: the baseline equilibrium and the
equilibrium following the introduction of the policy under consideration. {ct(.)}∞t=0 denote the
equilibrium choices in the baseline equilibrium and

{
ĉt(.)

}∞
t=0 the corresponding equilibrium

choices along the transition path after the introduction of the policy under consideration; then
the CEV for each state is denoted byψ(.) and it is determined by solving the following expression:

E0
∞∑
t=0

βtu {[1+ψ(.)]ct(.)} = E0
∞∑
t=0

βtu
{
ĉt(.)

}
The average CEV is computed integrating the individual consumption equivalent variation

across the stationary distribution of the baseline equilibrium.

CEV =
n+1∑
i=1

αi

∫
ψ(.)dμi(.)
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Table 5. CEV by household type (% change)

Type 1 Type 2 Type 3 Type 4 All

(UUU) (UUS) (USS) (SSS)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

CEV −3,37 0,92 5,89 7,38 1,39

In our particular case, to evaluate the welfare effects of migration we consider as a baseline
equilibrium the model without migration, while the equilibrium of the model after allowing for
migration stands for the second economy. Fig. A5 shows the model-predicted transition path
of the migration rate by skill type (the transition path’s of the other variables are presented in
Fig. A6).

After computing the transition path between these two solutions, we found that, on average,
migration improves the welfare of the population. On average, a household gains 1, 39% of its
lifetime consumption if it goes through the transition path compared with the scenario in which
it stays in the source economy forever (see Table 5).

Even though migration seems to be a generally beneficial policy, the welfare effects of migra-
tion appear to be heterogeneous. Fig. 2 presents the CEV by household wealth for each type of
household. Two interesting features arise from this figure: First, since the CEV is increasing in
wealth, rich households may benefit more from migration compared to poor households. Two
effects drive this result; first, poor households will be adversely affected due to the indirect effects
of migration; most of these agents are borrowing-constrained and cannot support the migration
cost. Second, wealthy families can support the migration cost and may receive most of the direct
and indirect benefits of migration.

There is significant heterogeneity in the welfare effects of migration. Unskilled households
(Type 1) may experience negative CEV (–3,37%), mainly due to the indirect effects of migra-
tion such as a decrease in unskilled wages and interest rates. Skilled households (Type 4) may gain
more from migration in terms of CEV, benefiting directly from remittances and indirectly from
increased wages. Type 2 and Type 3 households report a positive CEV.

In summary, there are winners and losers due to migration. Skilled workers tend to benefit,
while unskilled workers may suffer losses. On average, migration may produce positive welfare
effects; however, since unskilled workers represent more than 50% of the population, a policy that
allows migration may not be supported by a majority rule election.

The model provides insights into the effects of migration on the public tax system. When
migration is allowed, the income tax rate remains fixed at 10%, while lump-sum transfers adjust
to maintain equilibrium, resulting in a relaxation of the government budget due to brain drain.
Specifically, government revenue decreases by 15,6%, reflecting the reduction in the population
caused by skilled migration. While this may help ease the government budget, it can have adverse
effects on non-migrant households as transfers decrease due tomigration. Additionally, themodel
can evaluate the aggregated cost of return migration policies. If such a policy were implemented, it
would require an increase in the income tax rate from 10% to 13%, indicating a high cost. This pol-
icy change may have heterogeneous welfare effects on both migrant and non-migrant households,
further illustrating the complexity of migration policy decisions.

6.1.2 General equilibrium effects of migration
We have shown that migration has significant long-run effects. Also, the model captures effects
of the migration shock over several outcomes of the economy both at the micro and macro levels.
The migration shock comprises migration, remittances and return migration and we have shown
that migration has significant long-run effects both in terms of price changes as well as other
outcomes changes, we call this the total effects of migration. In this section we decompose these
effects into two components: the general equilibrium and the partial equilibrium effects. We relate
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Figure 2. CEV by household wealth (% change).

the effects of price changes (wages and interest rate) as the general equilibrium effect of migra-
tion, these effects are second order effect that allows the markets clear and guarantee a general
equilibrium solution, notice that the model solution with constant prices is a partial equilibrium
solution since some market-clearing conditions may not hold.

In this section we perform two experiments to uncover the general equilibrium effect of migra-
tion. The first experiment consists of solving the migration model by using the prices of the
no-migration solution; we call this the constant-price solution (column c in Table 6). A direct
comparison between the outcomes of the constant-price solution and the no-migration solution
(column a in Table 6) identifies the partial equilibrium effects of migration; meanwhile, the gen-
eral equilibrium effects of migration can be identified as the residual between the total effects and
the previously computed effects. The general equilibrium effect is also equivalent to the difference
between the outcomes of the solution with migration (column b in Table 6) and the constant-price
solution. Notice that the GE effect captures only the effects of price changes.25

The results of this experiment indicate that approximately 9, 9% of the change in output is
attributed to changes in prices, highlighting the quantitative importance of general equilibrium
effects. This finding underscores the significance of considering the general equilibrium effects
when assessing the overall impact of migration on the economy. Table 6 shows the results of this
experiment with more detail.

The second experiment aims to explore the impact of migration and remittances on house-
hold welfare in a general equilibrium framework. Initially, three identical households are chosen
in period 0. After the initial period, we allow for migration, and we distinguish them according to
their migration status: Stayer Household: This household remains in the source country through-
out the simulation period. Migrant Household without Remittances: This household sends a
member abroad but does not receive any remittances. Migrant Household with Remittances: This
household sends a member abroad and receives endogenous remittances from the migrant. All
three households are subjected to the same history of productivity shocks along the competitive
transition. This ensures that any changes in household welfare can be attributed to the effects of
migration, remittances and prices changes rather than differential productivity experiences.

The main result of the exercise is remittances plays a key role in the welfare effects of migra-
tion, as Fig. A4 shows that utility of the migrant with remittances is higher than the utility of
the stayer household, it is also higher than the household with a migrant but remittances. The
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Table 6. Model with constant prices

No Migration Migration Migration

migration Flex. prices Fix prices Fix interest rate

(a) (b) (c) (d)

Interest rate 4,554% 4,607% 4,554% 4,554%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unskilled wage 0,2924 0,2870 0,2924 0,2849
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skilled wage 0,7388 0,7415 0,7388 0,7224
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Years of Education 8,6650 8,4689 8,6650 8,4658
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Lump-sum transfers 0,0824 0,0696 0,0824 0,0755
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Tax rate 0,1000 0,1400 0,1000 0,1507
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Aggregate variables
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Output 1,0127 0,8774 0,8892 0,8641
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Capital 2,0962 1,8025 1,8969 1,7140
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unskilled labor input 0,5733 0,5157 0,5162 0,5153
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skilled labor input 0,7593 0,6530 0,6519 0,6518
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Human capital 1,0822 0,9496 0,9491 0,9483
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Percapita variables
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Output 0,3376 0,3137 0,3180 0,3089
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Capital 0,6987 0,6444 0,6785 0,6128
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unskilled labor input 0,3239 0,3100 0,3103 0,3097
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skilled labor input 0,6173 0,6408 0,6423 0,6410
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Human capital 0,3607 0,3395 0,3395 0,3391
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skill premium 4,8156 4,7084 4,5918 4,6162
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Consumption 0,2712 0,3107 0,3277 0,3046
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Labor income 0,2453 0,2488 0,2497 0,2435
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Migration rate 10,58% 10,72% 10,65%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Migration rate (unskilled) 6,01% 6,01% 6,00%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Migration rate (skilled) 17,16% 17,49% 17,33%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Remittances/Output 8,99% 8,96% 9,14%

Note: a: Model withoutmigration. b: Model withmigration, returnmigration and flexible prices. c: Model withmigra-
tion, return migration and fix prices (prices of model a). d: Model with migration, return migration and fix interest
rate.

difference between the utility of the stayers household and the household with a migrant but
remittances is also important according to the Fig. A4, this difference is related with the effects
of the general equilibrium objects such as prices change, aggregate schooling change, and transfer
change.

6.1.3 The role of flexible interest rate
In the baseline model the interest rate is flexible and after a migration shock the model adjust
through interest rate changes as well as capital inflow/outflow, however, the flexible interest rate
assumption may not be consistent with a SOE. To better know the role of flexible interest rate we
solve the model with fix interest rate. In this case, the remaining general equilibrium objects still
adjust to clean markets and to support the solution (wages, taxes, transfer, government budget,
aggregate schooling).
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The comparison between the model solutions with fixed and flexible interest rates reveals that
while the interest rate change does influence migration outcomes, its impact may not be as signif-
icant as other factors such as skilled migration and remittances (column d of Table 6). Specifically,
the model with a fixed interest rate predicts higher migration rates and a greater proportion of
skilled migration (brain drain) compared to the model with a flexible interest rate. However, the
difference in migration rates between the two interest rate regimes is relatively small. Moreover,
the analysis suggests that the impact of interest rate flexibility on other model outcomes, such as
human capital reduction due to skilled migration, is also limited (see Table 6). Both the fixed and
flexible interest rate models yield similar outcomes in terms of human capital reduction, indi-
cating that interest rate changes may not exert a strong influence on this aspect of migration
dynamics.

6.1.4 The role of borrowing
Allowing households to borrow resources introduces an important element of flexibility into
the model, which can significantly affect migration outcomes and their associated effects. In
the scenario where borrowing is permitted, households have the ability to finance migration
costs through borrowing, up to a maximum amount equivalent to 50% of the migration cost
(a= −0, 055). In order to compare the results with the no borrowing case we keep the remain-
ing parameters as in the previous case. The model predictions under the borrowing scenario, as
summarized in Table A3 (see the Appendix), provide insights into the effects of borrowing on
migration outcomes, prices, and other model predictions.

The results indicate that relaxing the borrowing constraint has a modest positive effect on
migration rates, particularly for unskilled households. While the increase in migration rates may
seem small in absolute terms, it is consistent with the notion that borrowing-constrained house-
holds may utilize financial resources to overcome migration costs. The heterogeneous household
setup in the model allows for variations in household incomes and financial capabilities. As such,
the impact of relaxing the borrowing constraint may be more pronounced for households with
incomes closer to the migration cost threshold, where even a small increase in financial flexibility
can facilitate migration decisions.

Overall, while the effect on migration rates may be relatively small, the ability to borrow
resources can still play a significant role in enabling migration for certain households, particu-
larly those facing financial constraints. This highlights the importance of considering financial
factors in understanding migration dynamics and their economic implications.

6.2 Policy intervention
In this section, we analyze the effects of four policy interventions aimed at influencing migration
patterns and brain drain. The results of these simulations are summarized in Table A1. Each policy
is designed to address different aspects of migration dynamics and their impact on brain drain. In
the following discussion, we provide a brief overview of the results, and additional details of each
policy intervention are provided in the appendix.

Migration cost: We consider that the migration cost increases from 0, 1 to 0, 2 the latter is
equivalent to around $2000 in monetary terms. This policy, or the size of it, is reasonable enough
to be implemented by a government that attempts to prevent a brain drain; however, it has
small aggregate effects and it does not prevent brain drain at all. Given that the most affected
are poor agents, this policy is better suited to preventing migration in general (see column a of
Table A1).

Remittances: The policy scenario involving a reduction in the probability of sending remit-
tances sheds light on the complex dynamics between migration, remittances, and welfare. The
model’s results highlight several key insights: the reduction in the probability of remittances (from
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0,3 to 0,15) leads to negative welfare effects overall, despite an increase in output due to capital
gains and an expansion of the labor force in efficiency units (see column b of Table A1). This sug-
gests that the loss of remittance income outweighs the benefits from other economic factors. The
model elucidates the insurance role of remittances in household consumption and savings behav-
ior, when the probability decreases, households increase savings as a form of insurance against the
uncertainty of remittance inflows. Also, the reduction in remittance probability disproportion-
ately affects skilled workers, reflecting the bias of migration towards skilled individuals. Skilled
workers are more reliant on remittances, and therefore, they experience greater welfare impacts
from a reduction in remittance opportunities.

Migration probability: The policy scenario involving a reduction in offers to migrate sheds
light on the potential effects of government intervention to influence migration patterns. A 50%
reduction in offers to migrate (to all types of households) leads to significant aggregate effects in
terms of output, capital, and labor. This suggests that changes in migration offers can have sub-
stantial impacts on the overall economy, affecting key macroeconomic indicators. Interestingly,
the model predicts that the reduction in migration offers affects unskilled workers more than
skilled workers. This indicates that the policymay unintentionally exacerbate brain drain by deter-
ring unskilled migration more than skilled migration. While the policy intervention has notable
aggregate effects, its effectiveness as an anti-brain drain strategy may be limited.

Return migration: This section focuses on assessing the economic effects of return migration
through two simulations: The first simulation compares the model outcomes with return migra-
tion to those without it. This comparison elucidates the specific economic effects attributed to
return migration. In the second simulation, a specific driver of return migration—namely, the
human capital gain of return migrants—is shut down. This allows for an examination of how the
absence of human capital adjustments among return migrants influences economic outcomes.
The model’s predictions regarding return migration effects are modest in average developing
economies. Return migration may have some positive effects on the economy, but it is not
sufficient to completely offset the negative impacts of skilled migration.

6.3 Robustness analysis
Performing sensitivity analysis by varying five key parameters of the model allows us to under-
stand how changes in these parameters influence the model’s predictions. For each parameter
considered—χ , η, δ, ρ, and the correlation between household members’ productivity shocks
ρv—we explore two additional values: one higher and one lower than the baseline value. The simu-
lations conducted in the sensitivity analysis generally yield results that align with those of themain
calibration, particularly regarding skilledmigration, returnmigration, and remittances.Moreover,
the policy simulations presented in Section 6.2 demonstrate that migration-related variables in the
model are primarily influenced by the cost of migration, the probability of migration, and remit-
tances. Furthermore, the broader economic indicators such as GDP and human capital exhibit
only minor changes when considering reasonable adjustments to these parameters. This suggests
that while variations in the five parameters can affect specific aspects of the model’s outcomes,
the overall economic dynamics and trends remain relatively stable. See appendix for details of the
sensitivity analysis.

7. Final remarks
We develop a macro-quantitative model that closely reproduces the main economic features of a
representative developing economy in which skilled migration, remittances, and return migration
are quantitatively important. The model is able to generate endogenous migration, remittances
and return migration. We find that migration has significant economic and welfare implications
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when it is modeled in a general equilibrium framework. Our results suggest that migration is one
important driving force behind the economic growth of developing economies in which skilled
migration and remittances are quantitatively important. Importantly, our model reveals that
while migration generally enhances the welfare of the source country’s population, there are seg-
ments, notably impoverished households, that may not experience welfare gains post-migration
liberalization.

The theoretical model also suggests that households use migration as an optimal strategy to
smooth consumption and cope with the effects of idiosyncratic risks. One interesting prediction
of the model also comprises the remittances uncertainty and its insurance component. As remit-
tance probabilities rise—perhaps due to improved economic conditions in the host economy—the
model predicts an increase in consumption accompanied by a decrease in savings. This sug-
gests that reduced uncertainty surrounding remittances leads to enhanced welfare for households.
In essence, the availability of more predictable remittance inflows allows households to allocate
resources more optimally, resulting in improved economic well-being.

Regarding return migration policy, we find that the incentives provided by a reasonable skill-
biased transfer policy do not generate strong aggregate effects; in other terms, the joint effects of
return migration and remittances are not strong enough to compensate for the negative effects of
skilled migration.

Finally, we consider a group of policies that attempt to reduce the effects of skilled migra-
tion: migration cost-based policies, return migration policies, and policies affecting remittance
patterns. In general terms, the policies under consideration have limited aggregate effects, at least
for a reasonable size of these policies. A migration cost-based policy, for example, affects mainly
poor households and it mainly prevents migration of unskilled workers. A returnmigration policy
based on skill-biased transfers has small aggregate effects in terms of output and prices. Finally, a
shock that reduces the number of migrants who send remittances may also have small aggregate
effects.
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Notes
1 The early literature, as outlined by Borjas (1987), proposes the negative-selection hypothesis, suggesting that individuals
with relatively low skill levels in poor countries are the most incentivized to migrate to richer nations. This hypothesis posits
that individuals facing limited economic opportunities in their home countries aremore likely to seek better prospects abroad,
particularly those with lower skill levels who may perceive greater gains from migrating to higher-income countries.
2 Grubel and Scott (1966), Johnson (1967), Bhagwati and Hamada (1974), Kwok and Leland (1982).
3 Vidal (1998), Beine et al. (2001), Chen (2006), and Faini (2007).
4 The role of return migration, also known as internal migration within the host country, has been studied extensively using
structural dynamic models of migration. Kennan and Walker (2011) delve into this aspect, examining how return migration
influences economic outcomes within the host country context. From the perspective of the source country, Lessem (2018)
employs a discrete choice partial equilibrium dynamic model to investigate the effect of increasing Mexican wages on the
duration of migration. Similarly, Thom (2010) adopts a quantitative approach to analyze the impact of border enforcement
intensity between the USA and Mexico on migration patterns. Thom’s findings suggest that while increased border enforce-
ment may reduce migration rates, it could also lead to longer duration of migration for those who do undertake the journey,
highlighting the complex interplay between policy interventions and migration behavior.
5 The literature on remittances from a general equilibrium perspective in Small Open Economies (SOEs) has primarily
focused on analyzing the economic implications rather than explicitly addressing the welfare effects of remittances. For
instance, Acosta et al. (2007) have investigated the Dutch disease effects of remittances within a general equilibrium frame-
work, examining how remittances affect various sectors of the economy. Chami et al. (2006) have evaluated the optimality
of fiscal and monetary policy responses to remittance flows using a general equilibrium model with representative agents.
While they have assessed the welfare effects of remittances, their analysis is primarily conducted for a representative agent
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and does not account for the transition path following a shock in remittances. Overall, while the literature has examined the
economic implications of remittances in SOEs, there remains a gap in explicitly studying the welfare effects of remittances
and considering the broader distributional and transitional impacts within the economy.
6 In our small open economy (SOE) framework, individuals migrate from the small economy to the host economy. Under
this assumption, the international interest rate and the marginal productivity of capital are expected to be equal. In our
model, we designate the interest rate as corresponding to the source country. However, to better understand the role of prices
in migration and brain drain, we conduct additional simulations. We consider two scenarios: one with constant prices (wages
and interest rate) and the other with a constant interest rate, consistent with the SOE assumption. In both cases, we compute
the general equilibrium solution by adjusting other variables such as aggregate education, taxes, and transfers. Our simulation
results indicate that aggregated prices do not significantly drive migration and brain drain (details provided in Sections 6.1.2
and 6.1.3). For instance, migration and brain drain indicators remain similar whether the interest rate is fixed or variable.
This suggests that in our heterogeneous agent framework, migration is primarily driven by factors such as migration costs,
migration probabilities, return migration gains, and remittances. Additionally, the number of households with total income
close to the migration cost plays a crucial role. Consequently, changes in aggregate variables like the interest rate have a
limited effect on migration, as they affect the total population in a similar manner.
7 This demographic feature, where households are born and die at a constant rate, is crucial for our model, particularly
concerning migration dynamics. It ensures that all households face the same probability of dying, simplifying the model by
avoiding the need to distinguish between life expectancies in different locations (source and host countries). Importantly,
while the number of households remains constant, this doesn’t imply a static population. For example, during periods of
significant emigration, the overall population may decrease, yet the number of households remains stable due to the presence
of non-migrant members within households. To prevent a decline in population due to migration, we may adjust the fertility
rate to replenish the population after migrations.
8 For instance, when the household size is three, there are four distinct household types based on the distribution of skills
within the household: Household type 1 (i= 1) comprises three unskilled workers, household type 2 (i= 2) consists of two
unskilled workers and one skilled worker, household type 3 (i= 3) includes one unskilled worker and two skilled workers,
and household type 4 (i= 4) comprises three skilled workers.
9 The model permits one emigrant per household, this feature of the model is consistent with available statistics on the num-
ber of emigrants per household. For instance, according toOrganización Internacional para lasMigraciones, in Guatemala, the
majority of households have only one international emigrant, constituting approximately 67% of households with emigrants.
Similarly, Traverso (2017) found that the number of emigrants per emigrant household is 1,18 in a study of Bangladesh, a
country characterized by high international migration and remittances, reaching 10% of GDP in 2010. Given this evidence,
including one emigrant per household in the model is a reasonable approximation of reality, as there is limited empirical
support for households having more than one emigrant.
10 In other words, the household decides to have an emigrant if the lifetime utility with one migrant abroad is higher than
the lifetime utility without an emigrant.
11 One issue that may be controversial is that the income in the host economy is exogenous and it only depends on the
migrant schooling levels. Introducing a productivity shock to migrant income in the host economy would indeed add com-
plexity to the model (it adds a continuous state variable). Our approach of calibrating host economy income to match
observed income gaps between the host and source economies is a pragmatic way to address this issue while still maintaining
model tractability. By doing so, we capture the relative income disparities that drive migration decisions. Also, the assump-
tion that remittance decisions are taken at the household level, rather than being fully controlled by migrants, aligns with
empirical evidence highlighting the imperfect control that non-migrant households may have over migrant remittances (De
Weerdt et al. (2019)). While the model’s calculation of optimal remittance amounts may be based on certain assumptions,
such as full control by migrants over remittance decisions, it’s important to recognize that real-world remittance behavior
may not be fully consistent from these assumptions. For example (Baseler (2023)) shows that in Kenya parents at the origin
underestimate their migrant children’s incomes by nearly half.
12 The remittances process is i.i.d; however, it can be generalized to account for a realistic degree of persistence.
13 Wages abroad can also be represented similarly: w= {wi1,wi2, . . . ,win}, where wij is the wage abroad that the j− th
household member may receive if he migrates. Due to the two skill levels assumption wij ∈ {wU ,wS}.
14 The skill level of i− th household type is represented by�i = [�i1,�i2, . . . ,�in], where�ij ∈ {S,U} for j= 1, . . . , n.
15 Following Dustmann et al. (2022), ζ describes skills such as language proficiency, knowledge about and acquired famil-
iarity with the host country’s labor market and society, and social contacts. This form of human capital not only affects
productivity but also determines immigrants’ social assimilation. Llull (2018) shows that migration can also affect native
human capital accumulation in the host economy. The literature on the effects of immigration on native wages (and human
capital) is abundant. Early works include Altonji and Card (1991), Card (2001), and Borjas et al. (1997), while recent
documents include Monras (2020) and Burstein et al. (2020).
16 In the model, capital is equal to aggregated savings. When the model allows for a flexible interest rate (as in the baseline
solution), shocks such as migration can cause the economy to adjust through changes in the interest rate and capital accu-
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mulation. However, if we maintain the assumption of a small open economy with fixed interest rates, the adjustment occurs
through capital inflows or outflows. This scenario is considered when solving the model with fixed prices.
17 NS (NU ) is the number of skilled (unskilled) workers.
18 In this paper, the migration rate is defined as the number of adults born in the source country who live abroad (those who
had migrated in the past) divided by the total number of adults born in the source country.
19 Encuesta Nacional sobre Condiciones de Vida 2006. This is a household survey that generates indicators at the household
and individual level that are representative at the country level (Guatemala).
20 This elasticity is consistent with the values used in the literature mainly for USA, we consider this value since the literature
for developing economies is not available.
21 This algorithm allows us to estimate a set of parameters such that the distance between the empirical moments and the
simulated moments by the model is small enough.
22 The following prices, lump-sum transfer and average years of education support the competitive equilibrium of the model
with migration: r = 0, 0399916, wS = 0, 75898, wU = 0, 286537, S= 8, 41571,�1 = 0, 0695739.
23 According to Mayr and Peri (2008) ζ may be as large as 2, 8. This means that a migrant may gain up to 280% of his initial
human capital due to his migration spell.
24 The values of the parameters are close to the values used in the literature, then it is a reasonable solution that delivers
a set of moments close to the empirical moments in Guatemala. However, we cannot claim that the set of parameters is
unique, moreover, there may exist other set of parameters that may delivers moments close to the empirical values, but those
parameters may not be consistent with the values used in the literature.
25 Notice that the constant-price model is not a competitive solution, since prices differ from marginal productivity. This is
basically a partial equilibrium experiment and it may give us some clues to the magnitude of the general equilibrium effects
of migration.
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A. Appendix
A.1 Computing the Optimal Solution
We describe our procedure to compute the optimal solution of the problem of a household with
a migrant abroad who sends remittances. The problem of a stayer household, or the first-period
migrant, can be characterized following a similar procedure. Denote by λ the Lagrange multiplier
of the budget constraint, then the Lagrangian can be expressed by the following expression,

L=
{

(n− 1) c
1−σ
1−σ + c̃1−σ

1−σ + βE[Vm(a′,
′
−k, Z

′
−k, R

′; i)]+
λ[(1− τ )

∑n
j	=k wijhijzij + (1+ (1− τ )r)a+�1 − c̃+wik − (n− 1)c− a′]

}
(A1)

The first-order conditions of this problem are:
c : (n− 1)c−σ − (n− 1)λ= 0
c̃ : c̃−σ − λ= 0
a′ : βEVm

a′ (a′,
′
−k, Z

′
−k, R

′; i)= λ

Using FOC we analytically characterize c̃ and Re.
c̃= c
Re=wik − c

A.1.1 Steps to compute solution. We apply the standard value function iteration method to find
the optimal household policies. The following steps describe our procedure.

• Place a grid on the asset space: a : a∈A
• Place an initial guess for the value functions
• Given a and for each potential value of a′ in the asset space calculate consumption by using
the budget constraint ĉ(a, a′).

• Plug ĉ() in the Bellman equation and find optimal policies for consumption and the opti-
mal value function too. The migration decision rule is also computed in this step for the
stayer households’ problem; for this case we follow the two-step comparative advantage
mechanism.

• Use the calculated value functions as a new initial guess and repeat the procedure until
convergence.
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Table A1. Measuring the effects of policies against brain drain (% change respect to the model with
migration)

Migration Remittances Migration

cost probability probability

(a) (b) (c)

Interest rate 0,8 6,9 6,1
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unskilled wage −1,4 1,2 0,2
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skilled wage 0,3 −1,4 −1,0
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Years of Education −0,5 2,2 0,8
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Lump-sum transfers 0,9 2,7 5,8
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Tax rate 0,0 0,0 0,0
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Aggregate variables
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Output 0,8 2,4 5,5
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Capital 0,2 1,5 4,4
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unskilled labor input 3,6 0,1 5,0
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skilled labor input 0,2 3,6 6,2
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Human capital 1,7 2,1 5,6
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Percapita variables
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Output −2,3 2,4 2,2
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Capital −2,9 1,5 1,1
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unskilled labor input 0,5 4,8 1,9
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skilled labor input −0,3 −3,6 −1,4
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Human capital −1,4 2,1 2,3
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

>Skill premium −1,6 0,9 −0,1
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Consumption −1,5 −5,4 −5,0
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Labor income −0,2 −2,9 −1,8
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Migration rate −15,5 0,0 −34,7
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Migration rate (unskilled) −45,5 65,7 −44,7
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Migration rate (skilled) −2,0 −29,6 −30,2
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Remittances/Output −9,3 −60,0 −32,5
Note: a: 50% increase ofmigration cost. b: 50% reduction of remittances probability. c: 50% reduction ofmigration probability.

A.1.2 Computing the general equilibrium solution. We solve for prices (wages and interest rate),
lump-sum transfer, and the average years of education that support the general equilibrium solu-
tion. The following steps allow us to find the competitive equilibrium during each iteration of the
Nelder-Mead algorithm (Table A2).

• Guess initial values for interest rate, wages, years of education and the lump-sum transfer.
• Solve the model for each set of parameters and the initial guesses. Compute the stationary
distribution. Compute the marginal productivities delivered by the model. Compute the
average years of education and the aggregate tax revenues delivered by the model.

• Compare the marginal productivities, tax revenues and years of education delivered by the
model with the corresponding initial guesses. Stop if they are close enough.

• If there are differences, update the initial guess by using the average between the current
guess and the values delivered by the model.
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Table A2. Competitive transition dynamic: main indicators

Note: The transition is computed over 200 periods.

• Repeat the procedure with the new guesses until convergence.

A.1.3 Computing the stationary distribution. We compute the stationary distribution by using the
transition matrix method. The following steps describe our procedure for a particular household
type:

• Place a finer grid on the asset feasible set.
• Interpolate the saving policy function (a′) and the value function for the new grid points.
• Compute the transition matrix. This is the matrix that defines the next period state given
the current state. Denote this matrix byQi. Each row represents the next period state given
the current state.
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Table A3. Quantitative effects of migration when household can borrow

No Only Return

migration migration migration % Change

(a) (b) (c) (b)/(a) (c)/(a)

Interest rate 4,48% 3,88% 4,49% −13,3 0,4
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unskilled wage 0,2926 0,2869 0,2873 −2,0 −1,8
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skilled wage 0,7408 0,7621 0,7444 2,9 0,5
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Years of Education 8,6650 8,4164 8,4702 −2,9 −2,2
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Lump-sum transfers 0,0825 0,0696 0,0696 −15,5 −15,5
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Tax rate 0,1000 0,1000 0,1406 0,0 40,6
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Aggregate variables
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Output 1,0141 0,8608 0,8797 −15,1 −13,3
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Capital 2,1067 1,8270 1,8165 −13,3 −13,8
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unskilled labor input 0,5733 0,5063 0,5159 −11,7 −10,0
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skilled labor input 0,7593 0,6301 0,6534 −17,0 −14,0
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Human capital 1,0822 0,9236 0,9501 −14,7 −12,2
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Per capita variables
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Output 0,338 0,307 0,314 −9,0 −7,1
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Capital 0,699 0,648 0,644 −7,2 −7,8
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unskilled labor input 0,324 0,305 0,309 −5,7 −4,3
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skilled labor input 0,617 0,643 0,641 4,1 3,8
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Human capital 0,361 0,330 0,339 −8,5 −5,9
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skill premium 4,8251 4,7581 4,7221 −1,4 −2,1
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Consumption 0,2715 0,3215 0,3108 18,4 14,5
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Labor income 0,2459 0,2577 0,2496 4,8 1,5
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Migration rate - 12,06% 10,557% - -
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Migration rate (unskilled) - 6,36% 6,012% - -
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Migration rate (skilled) - 20,26% 17,10% - -
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Remittances/Output - 0,104 0,09 - -

Note: Results correspond to the case when households can borrow (a= −0.055). This case is comparable with Table 4 when
borrowing is not allowed.

• Initialize the probability distribution μ(0)
i .

• Update the probability distribution by using the initial guess and the transition matrix.
μ
(1)
i =Qi ×μi(0).

• Use μ(1)
i as the new initial guess (μ(0)

i =μ
(1)
i ) and continue the iteration procedure until

convergence:
∣∣∣μ(0)

i −μ
(1)
i

∣∣∣< ε.
• Repeat the procedure for each household type.

A.2 Computing the Competitive Transition
We use a backward induction procedure to find the transition dynamic between steady states. Our
procedure is described in the following steps:
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Figure A1. Migration by destination and by educational attainment (in percentage).
Source: Elaborated based on Docquier and Marfouk (2005) data.
Note. Each point correspond to a country in 2000. Skilled workers are those with tertiary education (13 years of education
and above). The total migration rate includes the total population.

• Compute the initial steady-state equilibrium with no migration. Compute the final steady
state when migration is allowed. Set the length of the transition, T = 200.

• Guess an initial path for the interest rate, wages, lump-sum transfer, and years of education,
call them rold, wold

S , wold
U ,�old

1 , sold.
• We solve for the whole sequence of value functions and policy rules along the transition
path by backward induction.

• At t = 0, the stationary distribution corresponds to the stationary distribution of the equi-
librium with no migration. The period t distribution is calculated from the period t − 1
distribution by using the corresponding transition matrix.

• Calculate the model-delivered marginal productivities, lump-sum transfer and years of
education; call them: rnew,wnew

S ,wnew
U ,�new

1 , snew.

• Verify convergence criterion; stop if max
∣∣∣rold − rnew

∣∣∣ , ∣∣∣wold
S −wnew

S

∣∣∣ , ∣∣∣wold
U −wnew

U

∣∣∣ ,∣∣∣sold − snew
∣∣∣ , ∣∣∣�old

1 −�new
1

∣∣∣ is small enough.

• Iterate until convergence; update the initial guess by using the average between the old and
new values.

A.3 Policy Intervention
A.3.1 Migration cost. In this section we measure the potential economic effects of a policy
intervention based on the migration cost. We assume that the government is able to affect the
migration cost directly, it may be through the increase in migration costs, for example. Notice
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Figure A2. Remittances by country as percentage of GDP.
Source:World Bank.

Figure A3. The insurance component of remittances worldwide (Developing economies from 1980 to 2009).
Source:World Bank.
Note: i denotes countries and t denotes years. The fixed effect regression delivers a significant elasticity remittances-GDP of
–0,32 when the host economy is USA. Also, the main result is similar when the host economy is USA + EU (the elasticity is
–0,30 when we include EU as the host economy).
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Figure A4. Utility according to migration status.
Note:Utility along the competitive transition. Simulation considers that migration happens in the second period.
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Figure A5. Transition path of migration rate by skill type.
Note:The transition is computed over 200 periods.

that this policy affects mainly the new migrants since now they have to spend more resources in
order to support the new cost.

We consider that the migration cost increases from 0, 1 to 0, 2. The main result of this exer-
cise is that the policy under consideration has small economic effects, as is shown in column a of
Table A1. Output decreases marginally and the main effect is on the unskilled migration rate (35%
reduction). The reason behind this result is that this policy affects mainly middle-income house-
holds which may find that migration is not optimal anymore after the increase of the migration
cost.
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Figure A6. Migration rate in Guatemala (%).

This policy, has small aggregate effects and it does not prevent brain drain at all. Given that
the most affected are poor agents, this policy is better suited to preventing migration in gen-
eral. When the migration cost increases to 1, 0, for example, there are few new migrants, most of
them are skilled and the aggregate outcomes are similar to those in the model without migration.
Additionally, the model is suited to include heterogeneity in the migration policy. Along these
lines, an interesting policy analysis would be to allow for skill-specific costs so that the receiving
country could conduct immigration policy that affects the costs of one type of workers, but not
the other. For instance, the receiving country could lower the skilled migrant entry cost in order
to encourage skilled migration. In fact, this type of policy are endogenized in political economy
models (Ortega (2005)).

A.3.2 Remittances. We use the model to evaluate the quantitative effects of a shock on remit-
tances. Recall that our model delivers endogenously the monetary value of remittances; however,
we assume that the opportunity to send remittances is driven by the economic conditions of the
host economy and, from our small economy perspective, this variable cannot be affected directly
by the source country’s police maker. We can rationalize our experiment by assuming that the
reduction in the probability of remittances is driven by a deep recession in the host economy
that forces a reduction in the number of migrants that used to send remittances. While the shock
itself may be exogenous to the source country’s policymakers, understanding its effects can inform
policy responses. Policymakers may consider implementing measures to diversify the economy,
reduce reliance on remittances, or provide support to households vulnerable to fluctuations in
remittance inflows. Column b of Table A1 shows the competitive solution delivered by the model
when the probability of sending remittances πre decreases from 0, 30 to 0, 15, a 50% reduction.

In general terms, a reduction in the probability of remittances has negative welfare effects;
however, output increases due to aggregate capital gain and the increase in the labor force in effi-
ciency units. The intuition of this result is related with the insurance component of remittances.
When remittances probability is one then remittance is a sure event and most of remittances goes
to consume and saving decreases. On the other hand, when remittances probability is close to
zero households need to insure against this event, increasing savings and consuming less, as the
model predicts. In terms of welfare, a reduction in the probability of remittances affects mainly
the skilled worker, which is related to the fact that migration is biased toward skilled agents and
they are more sensitive to a reduction in the opportunities for remittances.
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The observation that the migration opportunity parameter does not significantly affect the
average migration rate but does influence the composition of migration towards skilled work-
ers suggests an important policy implication (see column b of Table A1). Specifically, policies
that affect the ease or opportunity to send remittances can indirectly influence the composition
of migration flows by shaping the incentives for skilled workers to migrate. When the oppor-
tunity to send remittances is higher, skilled workers may be more inclined to migrate, as they
anticipate being able to send remittances back to their home countries to support their families.
Conversely, if barriers to remittance sending increase, skilled migration may be discouraged, as
migrants may perceive reduced ability to financially support their households back home. From
a policy perspective, this finding suggests that measures aimed at facilitating remittance transfers,
such as improving financial infrastructure, reducing transaction costs, or streamlining remittance
channels, could indirectly encourage skilled migration.

A.3.3 Migration probability. We compute the quantitative effects of a shock on offers to migrate.
The underlying assumption is that the government can influence the migration offer in order to
prevent a brain drain. We can also justify the change in migration probability as a policy imple-
mented in the host economy in order to prevent migration; it may be due to a change in migration
quotas, for example.

A 50% reduction in offers to migrate generates significant aggregate effects in terms of output,
capital and labor, as we show in the column c of Table A1. However, our model predicts that this
kind of intervention may not be a good anti-brain drain policy since the migration rate decreases
more for unskilled workers than for skilled workers.

The result that a 50% reduction in migration probability leads to a 35% reduction in the
migration rate underscores the pivotal role of migration probability as a primary determinant
of migration flows. This finding suggests that factors influencing individuals’ likelihood of receiv-
ing migration offers or opportunities play a substantial role in shaping migration decisions. In
comparison, the impact of changes in migration cost on migration rates is also notable, albeit
with somewhat smaller effects compared to changes in migration probability. A 100% increase
in migration cost leads to a 15,5% reduction in the migration rate, with a greater impact on
unskilled migration. This finding suggests that while migration cost is an important consideration
for individuals contemplating migration, its influence on migration decisions may be somewhat
less pronounced compared to factors related to migration probability. Furthermore, the differ-
ences in brain drain effects resulting from changes in migration probability versus migration cost
underscore the importance of understanding the implications of different policy interventions.

Despite the potential economic impact, implementing policies to directly influence migra-
tion offers may face practical challenges. In particular, the source country government may
have limited ability to control migration offers, as they are often driven by factors and events
in the host economy. This limitation underscores the complexities involved in formulating and
implementing effective anti-brain drain policies.

A.3.4 Return migration. We perform two simulations to identify the effects of return migration.
In the first simulation, we compare themodel outcomes between two scenarios: one with return

migration and another without it. By comparing the outcomes of these two scenarios, we can
discern the economic effects specifically attributable to return migration.

The results of this simulation highlight that while return migration may have some positive
effects on the economy, it is not sufficient to completely offset the negative impacts of skilled
migration. Specifically, the scenario incorporating return migration yields an output level that is
3.0% higher compared to the model without return migration. However, despite this increase, the
output remains below the level observed in the non-migration model. Furthermore, the effects of
return migration on wages align with expectations: the policy leads to a decrease in the wage of
skilled workers while increasing the wage of unskilled workers. This outcome is consistent with
the dynamics of return migration and its influence on the labor market structure (the column (b)
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of Table 4 shows the solution without return migration and the column (c) shows the solution
with return migration).

In the second simulation, we examine the impact of return migration brain gain by comput-
ing the return migration solution without considering the human capital gain of return migrants
(ζ = 0). In this case, return migrants receive only return migration transfers without any adjust-
ment to their human capital or skills. The results of the simulation reveal that when the brain gain
of return migrants is negligible (i.e. ζ = 0), the return migration rate decreases substantially to
around 1,5%, compared to the 15% observed in the baseline scenario. This indicates that without
the prospect of gaining human capital upon return, the incentive formigrants to return diminishes
significantly. Furthermore, this result underscores the potential significance of our assumption
regarding the exogenous and costless nature of human capital accumulation in the host econ-
omy. This assumption may play a crucial role in shaping the model’s predictions regarding return
migration dynamics and its associated economic effects.

Indeed, while the model’s predictions regarding return migration effects may be modest in
average developing economies, their significance can vary depending on specific contextual fac-
tors. In economies with a limited initial stock of human capital, the impacts of return migration
could be amplified. Returning migrants may reintegrate into the workforce with valuable skills
and experiences acquired abroad, thereby bolstering the country’s human capital. Moreover, if
returnmigration policies offer attractive incentives, such as opportunities for career advancement,
access to resources, or favorable living conditions, they may effectively encourage a greater num-
ber of skilled individuals to return to their home country. In such contexts, the combined effects
of remittances and return migration could indeed offset the adverse impacts of skilled migration,
contributing to overall welfare improvements and sustainable economic advancement. By strate-
gically leveraging the human capital brought back by returning migrants, return migration may
contribute to the overall development and growth of the economy.

A.4 Robustness Analysis
We perform sensitivity analysis over 5 parameters. For each parameter considered—χ , η, δ, ρ, and
the correlation between household members’ productivity shocks ρv—we explore two additional
values: one higher and one lower than the baseline value.

The parameters of the production function are key drivers of the capital-skill complementarity
and the income inequality in the source economy. Four parameters characterize the production
function (η, δ, γ , and ρ) and according to the simulations they have strong effect on prices (the
interest rate, and skilled and unskilled wages) as well as in the income inequality. However, since
the model economy is populated by heterogeneous households, the parameters have a key role in
aggregated variables but small effects in terms of the population with incomes around the migra-
tion cost. Thus, a reasonable change in parameters has small effects in terms of migration and
brain drain as Tables A4 and A5 shows.
χ takes three values in the sensitivity analysis: 0,75, 0,80, and 0,86. The strongest effect of

changing this share parameter is over the income inequality since it affects themarginal productiv-
ity of skilled and unskilled workers. A high χ increases skilled wages and reduces unskilled wages
and given the high inequality the average wage (labor income) decreases as well as the migration
rates. However, as Table A4 shows, the migration rate change due to χ changes is small (-0,8%) for
a significant increase of χ (from 0,75 to 0,86). Another key share parameter is η, and according to
the production function it plays an important role in the interest rate. In this case an increase in
η (from 0,4 to 0,6) increases the interest rate and changes the relative prices at the aggregate level,
however, the migration rate change due to eta changes is small (–1,0%) as Table A4 show.

The sensitivity analysis conducted on the parameters governing capital-skill complementarity
(δ and ρ) reveals that changes in these parameters lead to expected effects, albeit with relatively
small impacts on brain drain. When the correlation coefficient ρ is increased, indicating a higher
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Table A4. Robustness analysis: Solution of themodel with returnmigration for different values of production
function parameters

χ (Baseline= 0,5) η(Baseline= –0,67)

0,75 0,80 (BL) 0,86 0,4 0,5 (BL) 0,6

Interest rate 0,0447 0,0461 0,0489 0,0399 0,0461 0,0559
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unskilled wage 0,3215 0,2870 0,2462 0,2315 0,2870 0,2691
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skilled wage 0,6941 0,7415 0,7764 0,7238 0,7415 0,8740
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Years of Education 8,4626 8,4689 8,4608 8,4739 8,4689 8,4655
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Lump-sum transfers 0,0677 0,0696 0,0700 0,0631 0,0696 0,0816
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Tax rate 0,1382 0,1400 0,1436 0,1559 0,1400 0,1328
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Aggregate variables
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Output 0,8516 0,8774 0,8779 0,7783 0,8774 1,0367
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Capital 1,7377 1,8025 1,7317 1,3840 1,8025 2,2515
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unskilled labor input 0,5148 0,5157 0,5228 0,5244 0,5157 0,5167
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skilled labor input 0,6511 0,6530 0,6551 0,6593 0,6530 0,6512
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Human capital 0,9474 0,9496 0,9570 0,9617 0,9496 0,9489
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Per capita variables
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Output 0,3045 0,3137 0,3108 0,2755 0,3137 0,3703
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Capital 0,6213 0,6444 0,6130 0,4899 0,6444 0,8042
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unskilled labor input 0,3094 0,3100 0,3111 0,3122 0,3100 0,3103
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skilled labor input 0,6414 0,6408 0,6398 0,6388 0,6408 0,6401
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Human capital 0,3387 0,3395 0,3388 0,3404 0,3395 0,3389
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skill premium 3,9289 4,7084 5,6859 5,6575 4,7084 5,8901
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Consumption 0,3050 0,3107 0,3098 0,2821 0,3107 0,3550
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Labor income 0,2431 0,2488 0,2500 0,2333 0,2488 0,2800
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Migration rate 0,1069 0,1058 0,0985 0,0960 0,1058 0,1059
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Migration rate (unskilled) 0,0598 0,0601 0,0504 0,0510 0,0601 0,0594
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Migration rate (skilled) 0,1747 0,1716 0,1675 0,1609 0,1716 0,1729
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Remittances/Output 0,0924 0,0899 0,0846 0,0849 0,0899 0,0835

Note: The baseline is the solution of the model with return migration. χ and η are share parameters.

degree of complementarity between capital and skilled labor, the elasticity of substitution between
these factors rises as well, resulting in an increased skill premium. Similarly, reducing the parame-
ter δ yields similar outcomes, enhancing the skill premium. However, despite these changes in the
economic landscape, the effects on migration rates and skilled migration remain relatively minor,
as illustrated in Table A5. This suggests that while capital-skill complementarity does influence
certain aspects of the model’s outcomes, its impact on brain drain is not as substantial as other
factors.

The sensitivity analysis reveals that the correlation of productivity shocks between household
members has a relatively small impact on migration and brain drain, which consequently trans-
lates into minor effects on human capital, GDP, and other economic indicators (see Table A6).
Without the correlation of productivity shocks between household members, the average house-
hold income in the country of origin decreases slightly, from 0,249 in the baseline calibration
to 0,240 in the model without correlation of intrafamily shocks. This reduction in household
income leads to a slightly higher migration rate, increasing from 10,6% to 11,1%. The positive
effect of productivity correlation between household members on household income is attributed
to the fact that favorable productivity shocks to one household member tend to induce similar
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Table A5. Robustness analysis: Solution of themodel with returnmigration for different values of production
function parameters

δ(Base line= 0,5) ρ(Base line= –0,67)

0,4 0,5 (BL) 0,6 −0,57 −0,67 (BL) −0,77
Interest rate 0,0457 0,0461 0,0499 0,0483 0,0461 0,0439

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unskilled wage 0,3014 0,2870 0,2718 0,2908 0,2870 0,2837
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skilled wage 0,7266 0,7415 0,7473 0,7468 0,7415 0,7373
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Years of Education 8,4667 8,4689 8,4635 8,4643 8,4689 8,4724
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Lump-sum transfers 0,0692 0,0696 0,0700 0,0710 0,0696 0,0684
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Tax rate 0.1392 0,1400 0,1382 0,1369 0,1400 0,1427
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Aggregate variables
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Output 0,8712 0,8774 0,8754 0,9000 0,8774 0,8585
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Capital 1,7818 1,8025 1,7762 1,9065 1,8025 1,7153
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unskilled labor input 0,5154 0,5157 0,5161 0,5152 0,5157 0,5161
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skilled labor input 0,6524 0,6530 0,6512 0,6514 0,6530 0,6543
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Human capital 0,9488 0,9496 0,9485 0,9479 0,9496 0,9510
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Per capita variables
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Output 0,3115 0,3137 0,3127 0,3218 0,3137 0,3069
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Capital 0,6370 0,6444 0,6344 0,6816 0,6444 0,6132
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unskilled labor input 0,3098 0,3100 0,3099 0,3096 0,3100 0,3103
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skilled labor input 0,6411 0,6408 0,6407 0,6411 0,6408 0,6407
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Human capital 0,3392 0,3395 0,3388 0,3389 0,3395 0,3400
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skill premium 4,3907 4,7084 4,9929 4,6727 4,7084 4,7400
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Consumption 0,3096 0,3107 0,3123 0,3166 0,3107 0,3057
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Labor income 0,2477 0,2488 0,2475 0,2509 0,2488 0,2471
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Migration rate 0,1062 0,1058 0,1060 0,1067 0,1058 0,1051
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Migration rate (unskilled) 0,0600 0,0601 0,0591 0,0599 0,0601 0,0601
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Migration rate (skilled) 0,1727 0,1716 0,1736 0,1739 0,1716 0,1697
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Remittances/Output 0,0907 0,0899 0,0898 0,0902 0,0899 0,0896

Note: The baseline is the solution of the model with return migration. δ and ρ are related with substitution elasticities.

shocks to other household members. Consequently, higher correlation of shocks between house-
hold members generally results in higher income and lower migration, as the cost of migration is
relatively small on average. While the correlation of shocks between household members may not
be a primary determinant of migration and brain drain, its inclusion in the model helps capture
the observed correlation of income between household members in empirical data.
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Table A6. Solution of the model with changes in the correlation between household member’s productiv-
ity shock ρv

Baseline: ρv = 0, 5 Zero correlation: ρv = 0, 0

Nomigration Migration Nomigration Migration

Interest rate 4,55% 4,61% 6,12% 5,76%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unskilled wage 0,2924 0,2870 0,2889 0,2836
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skilled wage 0,7388 0,7415 0,7000 0,7103
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Years of Education 8,6650 8,4689 8,6650 8,4593
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Lump-sum transfers 0,0824 0,0696 0,0805 0,0685
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Tax rate 0,1000 0,1400 0,1000 0,1246
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Aggregate variables
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Output 1,0127 0,8774 0,9754 0,8461
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Capital 2,0962 1,8025 1,8873 1,6534
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unskilled labor input 0,5733 0,5157 0,5651 0,5077
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skilled labor input 0,7593 0,6530 0,7523 0,6420
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Human capital 1,0822 0,9496 1,0822 0,9420
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Per capita variables
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Output 0,3376 0,3137 0,3251 0,3029
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Capital 0,6987 0,6444 0,6291 0,5920
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Unskilled labor input 0,3239 0,3100 0,3193 0,3060
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skilled labor input 0,6173 0,6408 0,6116 0,6364
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Human capital 0,3607 0,3395 0,3607 0,3373
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Skill premium 4,8156 4,7084 4,6409 4,5575
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Consumption 0,2712 0,3107 0,2650 0,3119
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Labor income 0,2453 0,2488 0,2323 0,2401
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Migration rate 10,58% 11,06%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Migration rate (unskilled) 6,01% 6,26%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Migration rate (skilled) 17,16% 17,98%
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Remittances/Output 8,99% 9,29%

Note:We compare the return migration model with the model with no migration for different values of the correlation ρv .
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