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Abstract

Migrants’ remittances should be considered as one of the determinants of migration
flows, since they have an economic impact on recipient economies, and can play a
signaling role concerning the actual economic conditions in countries. In both cases,
the decision to migrate may be interpreted as the result of a “contagion” occurring
through the receipt of remittances. We therefore use an “epidemic model” to formalize
such mechanisms, and include these feedback effects in the migrants’ dynamics. This
model allows us to understand the role played by various parameters including this
“contagion” factor in order to appraise the impact of different public policies on the

total number of migrants.
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1 Introduction

Migration is considered as one of the defining global issues of the early twenty-first century,
as more and more people are on the move today than at any other point in human historyf_-]
There are now between 192 and 216 million people living outside their place of birth (IOM,
2011; Ratha et al., 2011), which represents between 3 and 3.2 per cent of the world’s
population. This means that roughly one of every thirty-five persons in the world is a
migrant.

As stated by Massey et al. (1993) in their survey of theories on international migration,
at present, there is no single, coherent theory of international migration. Concerning eco-
nomic theories, neoclassical economics explain migration as an individual decision aiming
at maximizing income. The main determinants of migration flows are then the differen-
tial between the economic situations in the home and host countries, and migration costs
(Sjaastad, 1962; Todaro, 1969; Harris & Todaro, 1970). The new economics of labour
migration, in contrast, considers migration as a household decision in order to minimize
risks on family income or overcome familial credit constraints (Mincer, 1978; Stark, 1991).
Both theories have incorporated the role played by previous migrants in shaping migration
flows, through the friends and relatives effect (or network effect). Most empirical studies
do not distinguish between households and individuals, when studying the determinants
of migration flows. They emphasize the role of push and pull factorf] (incomes, educa-
tion levels, unemployment, inequalities, poverty. .. in host and home countries) in shaping
migration flows. Other factors, often used in gravity models, have been put forward: geo-
graphical (distance between source and host countries, common land border...), cultural
(common language, common colonial past...) and demographic (share of young popu-
lation in the origin country) factors. Finally, two other factors play a significant role in
explaining migration flows: the stock of previous migrants and migration policies (quotas,
legalization programs...). Most of these studies focus on migration to the US and find
that the previous factors have different quantitative impacts on migration flows, depending
on the period studied and the data used (see Borjas, 1987; Borjas and Bratsberg, 1996;
Yang, 1995; Karemera et al., 2000; Hatton and Williamson, 2002; Clark et al., 2007; Hat-
ton, 2010). Other papers study trends in UK net migration in the last decades (Hatton,

'See the International Organization for Migration website : http://www.iom.int/jahia/Jahia/about-
migration/lang/en.

2Push factors are factors leading a person into leaving his home country, such as low income, high
unemployment, lack of opportunities, natural and environmental disasters, war... On the other hand, pull
factors concern attractive features of potential host countries, such as high income, low unemployment,
better living conditions, political or religious freedom. ..



2005) or focus on recent migration flows to OECD countries (Pedersen et al., 2006; Mayda,
2010).

Two criticisms can be made to these studies. First, they implicitly assume that po-
tential migrants know with certainty the economic situation prevailing for migrants in the
destination country. Second, they do not seem to pay attention to the role that remittances
may play in shaping migration flows. However, over the years, migrants’ remittances have
become a major source of financing in the developing world: in 2009, remittance flows are
estimated at US$ 416 billion worldwide, US$ 307 billion of which went to developing coun-
tries (Ratha et al., 2011). They constitute the second largest source of currencies for these
countries, slightly behind foreign direct investments but before official development aid.
Most empirical studies find that different migrants have different motives to remit, and
that each migrant may remit to his family for several different reasons: altruism, exchange
and investment, implicit familial arrangements (loan, insurance), or personal strategies
(Rapoport & Docquier, 2006); however, in the majority of cases, there is a part of al-
truism in the remitting decision. If the remitting decision has been studied carefully by
economists, they have not considered the causal link between migration and remittances as
thoroughly and this link is still subject to controversy. Migration is of course a necessary
condition for remittances, but another question remains: do remittances have an impact

on migration?

This question still has not found a clear-cut answer and our analysis aims to contribute
to the debate in an original way. Taking into account the fact that people residing in
their home country receive remittances and have only little information on the economic
situation of migrants in the host country, we develop a new tool to study the link between
remittances and migration. Remittances have an impact on migration through two different
channels. First, remittances may act as a signal of the economic conditions of migrants and
thus influence migration intention and decision. Second, remittances may have an impact
on the economic conditions of recipients and may on migration incentives.

In both cases, the decision to migrate can be interpreted as the result of a "contagion"
occurring through the receipt of remittances. Such mechanisms can be formalized by

"epidemic models".

As indicated by their name, epidemic models were originally designed in order to un-
derstand the spread of infectious diseases. Bernouilli (1766) was the first one to model a
smallpox epidemic in order to evaluate the risk-benefit of inoculating the disease (which

was the vaccinating method back then). Nowadays, epidemic models are still largely used



in public health studies, for instance to study HIV epidemics (Isham, 1988), the spread of
obesity (Gonzalez-Parra et al., 2010) or nosocomial diseases (Temime, 2010). These mod-
els aim at evaluating not only the infection natural progression, but also different public
policies which could be used to slow down or even stop its diffusion.

Epidemic models are also used to study various topics not related to health and diseases.
Criminology, economics, marketing and finance now use epidemic models. For instance,
Behrens et al. (1999) develop a “LH model” to describe the epidemics of illicit drugs.
They define two categories of users with opposite impacts on initiationﬂ They use this
model to show that drug treatment’s effectiveness depends critically on the stage in the
epidemic in which it is employed; reducing the number of heavy users in the early stages
of an epidemic can be counterproductive if it masks the risk of drug useE]

In economics, the diffusion of technological or organizational innovations has been
widely studied using epidemic models. Mansfield (1961) is one of the first to model the
process of the adoption of innovations as a function of the extent of the dissemination of
information on these innovations. The contaminant factor is the information spreading be-
tween firms, from those that have already adopted the innovation to those getting in touch
with the former. The "infectious" characteristic depends on the technology characteristics
such as its profitability, its risk and the size of the necessary investment. Several marketing
studies studying the purchasing behavior of certain goods and hence their diffusion follow
the same line of reasoning (see Mahajan & Muller, 1979). Finally, in finance, epidemic
models are used to highlight the herding behavior of some securities buyers. Social in-
teractions and information stemming from these interactions act as a contaminant factor,
influencing the behavior of potential buyers or sellers on the market. Hong, Kubik & Stein
(2005) study the behavior of mutual funds managers and show that their decision to buy
or sale securities fit an epidemic model where social interactions between managers are the

contaminant factor.

To the best of our knowledge, migration has not yet been studied using epidemic mod-
eling with remittances as a “contaminating factor”, even though some studies on migrants’
remittances suggest that migration intentions and decisions may be based on received

remittances. In other words, we propose here to develop an epidemic model extending

3More precisely, they distinguish between light users (L) whose feedback on the initiation of non-users
is positive (festive consumption), and heavy users (H) whose feedback on initiation is negative (since their
poor health condition sends a negative advertisement for the drug).

4Rydell, Caulkins & Everygham (1996) also use an epidemic model to reach different conclusions. They
show that, when fighting against illicit drugs, implementing a strong enforcement policy at the outset of an
epidemic of psychoactive substance consumption is highly efficient to reduce its expansion. However, when
the epidemic has already widely disseminated, enforcement policies are of little use whereas treatment
policies, minimizing sanitary costs linked to substance uses, begin to be efficient.



migration models, either by “endogeneizing” the perception of the economic conditions in
the destination country, thanks to the signal given by remitted amounts or by taking into
account the economic impact of remittances.

We distinguish between the two different channels through which remittances impact
migration. In both cases, various forces play opposite roles, such that some push residents
into migrating whereas others discourage individuals. The first channel considers the in-
formative role of remittances: high remittances, signaling a successful migration, generate
incentives to migrate (by improving the expectations attributed to migration) while low
remittances (or even the absence of remittances), perceived as a failed migration, con-
sequently create disincentive to migrate (by deteriorating the expectations attributed to
migration). On the other hand, the second channel takes into account the economic role
of remittances: high remittances, fulfilling residents’ perceived needs for income and insur-
ance, create disincentives to migrate (there is no need for additional members to emigrate)
while low remittances are insufficient to cover recipients’ needs but may help them cover
migration costﬂ and thus facilitate additional migration (to help satisfying needs in the
home country).

In the model, we divide migrants into two populations according to the level of re-
mittances and we analyze how both groups vary across time. Their evolution obviously
depends on the link between remitters and recipients but also on other factors such as
the probability to economically succeed in the host country or exogenous disappearing
rates. The impacts of all these factors are finally studied in order to yield some policy

implications.

The paper is organized as follows. The next section presents some stylized facts on
migration and remittances and the different impacts of remittances on migration high-
lighted in the literature. Section 3 introduces the epidemic model. The existence, stability
properties of the equilibrium and the local effects of the model parameters on the steady
state are studied separately for the two channels, in Sections 4 and 5. The results of the
model are discussed in terms of public policies in Section 6. The final section concludes

the paper.

SPotential migrants may be constrained by their poverty and this credit constraint is likely to be relaxed
by received remittances (see Hatton & Williamson, 2002).



2 Theoretical background and stylized facts

As explained in the introduction, the discussion about migration determinants remains
crucial within the migration literature. Most studies have concentrated on perceived dif-
ferences, e.g. on differences in economic opportunities or political situation, between source
and host countries. However, they implicitly assume that migrants have perfect informa-
tion on the economic situation abroad and thus, they have neglected the powerful influence
of remittances in giving information about the true situation of migrants in the destination
country and in changing migration incentives. A few papers only study the potential im-
pact of remittances on migration: some scholars suggest that remittances have a positive
impact on migration while others suggest that the link between remittances and migration
is negative.

Remittances actually contribute to increase the income of left home family members;
then, if large enough, they can discourage additional household members to migrate (van
Dalen et al., 2005). A negative link between migration and remittances is also put forward
by Stark (1995). He works out an imperfect information model, with high and low produc-
tivity migrants, whose productivities cannot be observed directly by would-be employers
in the foreign country. Hence highly productive migrants would send remittances home to
low productivity workers in order to prompt them to stay.

Nevertheless, this body of literature is not really convincing because remittances are
only appraised like another source of income. In effect, we can venture a guess that, since
the level of remittances actually sent by migrants is very high, it should be large enough
to negatively impact migration intentions and decisions. As long as remittances reduce
the income differential between origin and destination countries, individuals should be

discouraged to move.

However, even if remittances contribute to improve the economic situation at home,
it is far from clear that they actually decrease migrations. A perusal observation of the
2011 factbook published by the World Bank (Ratha et al., 2011) even shows that most of
the top remittance-receiving countries in 2010 are also top emigration countries. In 2010,
Mexico has the largest outflow of emigrants (11.9 millions), and is the third remittance-
receiving country (with 22.6 US$ billions received). As concerned migration, it is followed
by India (11.4 millions of emigrants) which is the largest recipient of remittances (55 US$
billions). The correspondence between these two rankings can be emphasized by studying
the Chinese case. China reaches the fourth rank as concerned migration (8.3 millions

of emigrants) and the third place among the top remittance-receiving countries (with 51



USS$ billions received). Figure [1] outlines that there exists a positive correlation between

emigration and remittances in 2010

Figure 1: The link between the number of emigrants and remittances

60
4 India
=50 # China
c
L
Ex
-
g
230
5
s T / 4 Mexico
5 50 # Philippings
:
Germany
2 10 ! Polifd)/ﬁ— : # | Bangladesh
Indonesia Pakistan
3 ot i
4 Morarco UK # Ukrain ¥ Rustia
Rgmania
]
0 2 4 5 8 10 12 W

remittances (USS billions)
Source: WB &ctbook 2011

Several determinants could explain this trend. The network theory suggests that would-
be migrants are sensitive to the help provided by previous migrants, who have precious
information on the host country and share the same culture or language (see Beine et al.,
2011). Remittances may represent the existence of a migrant network. However, migration
remains a complex process, making tough the identification of all of its determinants;
remittances may explain part of population migrations through the information on the
destination country that they vehicle.

Remittances can be interpreted as signals of the actual and not the perceived financial
attractiveness of destination countries and thus, trigger chain migration. Remittances can
thus induce recipients into migrating if they are seen as revealing the success of the migrant
in the host country (van Dalen et al., 2005). Others have argued that this positive rela-
tionship between remittances and migration can be obtained in a loan repayment model,
where the migrant committed himself to reimburse his family who paid for the up-front
cost of migration, and to help other family members migrate in the future (Ilahi & Ja-
farey, 1999). In a different set-up, Stark & Wang (2002) analyze a problem where skilled

5This relation is also observed when using data from the 2008 World Bank factbook (Ratha & Xu,
2008). The three top remittance-receiving countries, India, China and Mexico (respectively with 27, 25.7
and 25 USS$ billions received), also belong to the top emigration countries. Namely, Mexico copes with the
largest population outflow with 11.5 millions of emigrants and India and China are respectively the third
and the fourth emigration countries with respectively 10 and 7.3 billions of emigrants.



and unskilled migrants are partially complementary inputs; hence skilled workers’ wages
increase with the number of unskilled workers. Then skilled migrants may decide to remit
to unskilled workers, in order to attract them to the host country; remittances are then
sent in the purpose of inducing the migration of unskilled residents. Finally, building a
model of migratory equilibria, Naiditch & Vranceanu (2010) show that when remittances

are invested in the home country of migrants, they are also positively related to migration.

Beyond these theoretical approaches, the few empirical studies on the link between mi-
gration and remittances find that receiving remittances has a positive impact on migration
intentions, at least in Morocco (van Dalen et al., 2005), Bosnia-Herzegovina (Dimova &
Wolff, 2009), Fiji and Tonga (Leeves, 2009) and Eastern Europe and Central Asia countries
(Naiditch & Vranceanu, 2010).[] The signaling effect of remittances seems to be the main
factor behind this result.

3 The epidemic model

The model describes the link between migrants who remit to their families back home, and
recipients who have to choose between staying in their home country or migrating to the
host country. Remittances may influence migration decision: they can be seen as a signal
about the economic situation of people who have already moved away from their home
country and they contribute to the income of recipients still in their origin country. Both

elements represent the core of our model.

3.1 The migrant’s income and remittances

The economic situation of migrants is approximately represented by their income in the
host country, denoted by y. To keep the formalization as simple as possible, we assume that
a migrant can either succeed economically and get the high income y*, or fail economically
and get the low income y, with y < y". This income is representative of one migrant’s
type (failing or successful).

We intuitively assume that when a migrant first enters the host country, he earns the
low income y%. In the next period, if he stays in the host country, his income increases

to y with probability p (exogenous) or remains the same with probability 1 — p. We

"Note that most studies on the link between remittances and migration use cross-sectional data, and
study the impact of remittances on migration intentions and not on migration decisions. According to
Epstein & Gang (2006), migration intentions provide an upper bound on the number of realized migration.
These studies also come across the problem of disentangling migration intentions and migration opportu-
nities. Indeed, remittances may have an impact on migration intentions as well as migration constraints,
since they can help relax the budget constraint of recipients and potential migrants.



assume that once the migrant has economically succeeded (i.e. he earns the income y'7),
his situation cannot deteriorate: as long as he is in the host country, he will keep earning
the high income y.

At each time period, the migrant decides whether or not he remits to his family, and
how much he remits. We agsume that the migrant remits for altruistic motivesﬂ his utility
increases with the utility of the recipients. We also assume that remittances are a normal
good. Then, a successful migrant chooses an optimal amount 77 of remittances higher

than the optimal amount T of a failing migrant (in case of perfect information) ')

3.2 The migrant population

Depending on their level of income, the migrant population M; can be divided into two
groups: those who economically succeeded and remit a high amount T, and those who
economically failed and remit a low amount T". These two groups are respectively called
the high remitter population (or the successful migrants) and the low remitter population
(or the failing migrants) and denoted by H; and L;. Thus, at period ¢, the total number
of migrants is My = L; + Hy.

Both groups vary across time because of various reasons, including the link between
migrants who remit and recipients remaining in the home country. First, at each time
period, some migrants in both groups “disappear” for exogenous reasons (return home,
death...). We denote respectively by a > 0 and g > 0 the proportion of failing and
successful migrants who disappear.

Second, at each time period, the stock of low remitters increases with a flow of new mi-

grants m; (who earn the low income y). Simultaneously, some low remitters economically

8 Alternatively, we could assume that some successful migrants, while still successful, may decide, after
a while, to remit low amounts (because their attachment to their home country declines over time, see
Brown, 1998). The parameter p would then represent a “net probability of success”.

9There are various motives for remitting, ranging from altruism to self-interest. See Rapoport &
Docquier (2006) for a literature review on motives to remit.

Y Empirical evidence on the link between remittances and migrants’ income is rather scarce. For instance,
several empirical studies show that the elasticity of remittances to income is positive (Johnson & Whitelaw,
1974; Lucas & Stark, 1985; Hoddinott, 1994) while the proportion of income remitted may decrease
(Johnson & Whitelaw, 1974; Mohammad et al., 1973) or increase (Rempel & Lobdell, 1978) with migrants’
income. More recent papers study the link between remittances and the education level of migrants, which
could be seen as a proxy of their income. Some find that the education level of migrants does not have
a significant impact on remitted amounts (Rodriguez & Horton, 1994; Naufal, 2008), while others show
that more skilled migrants remit less (Faini, 2007; Niimi et al., 2008) and others find the opposite result
(Bollard et al., 2011). The latter add that “the higher income earned by [skilled| migrants, rather than
characteristics of their family situations, explains much of the higher remittances”.



succeed and become high remitters while some others disappear and some remain unsuc-
cessful. Thus, at each period ¢, a flow of m; migrants enters the low remitter population,
while a flow of aL; low remitters disappear and a flow of (1 — a)pL; migrants quit the low
remitter population to become high remitters (and (1 —a)(1 — p)L; low remitters keep the
same income and remain in the low remitter population). Given all these observations, the

law motion of the low remitter population can be formulated as follows:
L=m;—la+p(l—a)L (1)

Symmetrically, the stock of high remitters increases with the flow of low remitters
becoming high remitters and decreases with the flow of successful migrants disappearing.

Thus, the law motion of the high-remitter population is given by:

H=p(1-a)L;— gH, (2)

Figure [2] sums up how both groups vary at each period.
Figure 2: Migrants’ incomes and remittances at each period
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At each time period, there are m; new migrants; they earn the low income y’. At

period ¢, the L(t) migrants who failed remit the low amount T'*. In the next period, these
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migrants disappear with probability a, become successful with probability (1 —a)p, or
keep the same low income in the host country with probability (1 —a)(1 —p). Likewise, at
period ¢, the H(t) migrants who succeeded remit the high amount 7. In the next period,
these migrants disappear with probability g or stay in the host country and keep the same

high income with probability (1 — g).

3.3 Incentives to migrate

At each time period, people still residing in their origin country must decide whether to
migrate to the host country or to stay in their home country. Each resident chooses his
location in order to maximize his utility.ﬂ The decision to migrate thus depends on the
income of residents and on their expectations concerning migration. The latter depends
on information received from migrants about their economic situation in the host country.
We assume that the only information available to residents is migrants’ remittances. More
precisely, people still living in their origin country know how many migrants remit the high
amount T and how many remit the low amount T; residents know H and L.

As seen in Section 2, theoretically the impact of remittances on migration can be
either positive or negative. Thus, we need to distinguish between two different channels,

according to the sign of this impact. This is done in the two following sections.

4 The positive impact of remittances on incentives to migrate

This section deals with the issue of the positive impact of high remittances on migration.
In order to study the impact of remittances on migration through the informative channel,
we first analyze the existence of a steady state(s) and investigate the stability properties

before turning to comparative statics.

4.1 High remittances as a contaminant factor

Following the main conclusion of empirical studies (cf. Section 2), we first focus on the
case where remittances have a positive impact on migration decision. In other words, this
means that the flow of new migrants m is positively related to the number of high remit-

ters, H, because high remittances signal a successful migration. However, it is negatively

"Here, we assume that residents can only migrate to one host country, and do not compare different
potential destination countries. This assumption relies on the fact that there is a strong concentration in
international migration patterns, with a few large corridors accounting for a disproportionate share of the
overall stock of migrants (Docquier et al., 2010). This could be partly explained by the large positive effect
of diasporas on migration flows and stocks (Beine et al., 2011).

11



related to L because low remittances signal a failed migration. In that sense, we face a
"behavioral epidemics" because high remitters stimulate (or “contaminate”) residents into
migrating whereas the presence of low remitters discourage them. The “recruitment” ef-
fectle is therefore mitigated by the presence of low remitters. For instance, this deterrence
effect of migrants remitting 7% can depend on the relative number of failing migrants

compared to the number of successful migrants.

In line with the formulation of Behrens et al. (1999), we assume that the number of
new migrants m; is the sum of a constant exogenous number of residents who decide to
migrate without being influenced by previous migrants’ behavior, the innovators ¢, and
the number of “contaminated” residents given by the “contagion” function F'(H, L) which

summarizes the positive and negative incentive effects of migrants’ behavior.
Assumption 1

(i) F(H,L) is a function increasing in H; OF(H,L)/0H > 0.

(it) F(H,L) is a function decreasing in L; OF(H,L)/0L < 0.

We also introduce some boundary conditions in order to capture what happens when
the high (resp. low) remitter population is very large, or at the opposite when there
are no high (resp. low) remitters. In others words, this allows us to observe the size of
the recruitment effect (resp. the deterrence effect) when the high (resp. low) remitter
population is either large or small as well as the relative impact of the “recruitment” effect

with respect to the deterrence effect when both groups are very large.

Assumption 2

(i) Jim F(H,L)=0; lim F(H,L)=+o0

(id) lim F(H,L) = F(H,0) € R*; lim F(H,L)=0.

(i) lim  F(H,L)=0; lim F(H,L) e Rt
(H,L)—(0,0) (H,L)—(+00,+00)

Up to now, we can formulate the dynamic system including the characterization of the

number of new migrants my.

H = p(1—a)Ls — gH; ; H(0) = Ho (3)
L = i+ F(Hy,L)—[a+p(l—a)]L; L(0) = Lo (4)

12Following the terminology of Behrens et al. (1999), high remitters “recruit” new migrants.

12



with Hy > 0 and Ly > 0 the initial conditions.

Our model can be represented by Figure [3] with full arrows representing flows of indi-

viduals and dotted arrows flows of information.

Figure 3: The Flow Diagram
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This formulation of the model allows us to understand how the “contagion” function
stimulates or discourages the arrival of new migrants, and thus increases or decreases the
population of both groups beyond.

It is straightforward to see that an increase in the number of high remitters will accel-
erate the increase of the low remitter population because the attractiveness effect will be
stronger: % = %I};Lt) > 0 under assumption .

The impact of an increase in the number of low remitters on the variation of this same
group is not so obvious since several forces play opposite roles via the “contagion” function.
On the one hand, an increase in the number of low remitters reinforces the deterrence effect
which decreases migration incentives and thus the number of new migrants which, in turn,
decreases the number of low remitters. Moreover, as the number of low remitters grows,
the number of migrants exiting this group (because they disappear for exogenous reasons
or become successful) increases as well. On the other hand, an increase in the number of
low remitters will raise the number of high remitters in the long run, which in turn will
increase the "recruitment" effect and thus the number of new migrants, increasing the low
remitter population. It is credible to assume that the forces leading to a decline in the low
remitter population are stronger than the one leading to an increase of that population

through an increase in the “recruitment” effect. Assumption[3]summarizes these comments.
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di, _ 9H  OF(HiLi) | OF (Hy, Ly)

Assumption 3 7 = 57 —5p oL, —la+p(l—a)] <0

=C

Assumption [3| thus consists in comparing the increase in the "recruitment" effect,
67H . 8F(Ht,Lt)
aL OH,
term representing the increase in the deterrence effect linked to a rise in the low remitter

, which contributes to increase the low remitter population to a negative

population and the probability to quit this group (disappearing or becoming successful),

C = %L?Lt) — la+ p(1 —a)], with C' < 0 under assumption . Assumption 3| implies

OH  OF(Hi,Ly)

4.2 Existence and stability of the equilibrium

A steady state, if it exists, is investigated by setting the time derivatives of equation
and , respectively, to zero. From equation , the steady state of the high remitter

population can be computed as a function of the low remitter population:

*_p(lia’) *
Ht_ig L (5)

The number of high remitters, at the steady state, is proportional to the number of low
remitters, with a proportionality ratio equal to the probability of low remitters to become

high remitters over the disappearing rate of high remitters.

Setting equation to zero and using equation , we obtain the steady state for the

low remitter population:

z‘+F<p(19_a)L;f,L§> Catp(l—a)Li=0 (6)

We define the function ¢ (L) = i + F (@Lt,LO — [a+p(1 —a)] L. Then, the

steady state for the low remitter population is the solution of the following equation:

¢(Ly) =0 (7)

On the basis that the steady state of the high remitter population depends linearly on
the low remitter population, investigation of the existence of a steady state can be reduced
to the study of condition ([7]).

Proposition 1 Under assumptions[2 and[3, there exists a unique stationary equilibrium.
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Proof. See appendix.

Now, we examine the local dynamics of the system. We have to study the characteristic
roots of the linearized system. On the basis of the two-equations system and (), we

form the Jacobian matrix and evaluate it at the steady state point (L*, H*).

J = g% ?)% _ —9g p(l - CL) (8)
—\ oL oL =\ o o
with € = 280 14 1 p(1 - a)] < 0.

The signs of the trace Tr(J), the determinant det(J) and the discriminant A(J) of the

jacobian matrix give information about stability properties of the steady state.

Proposition 2
(i) For any (L*, H*), the steady state is a node.

(ii) The characteristic roots A1 2 are both negative, which means that both populations, the

high remitters and the low remitters trajectory, converge to the stable equilibrium
(L*, H*) in the long-run.

Proof. See appendix. =

Proposition [2| shows that, for any initial number of high remitters and low remitters,

all trajectories of the two populations flow towards the steady state.

4.3 Comparative statics

This subsection investigates the comparative statics of the model, which shows the local
impact on the steady state of marginal changes in the disappearing rate of low remitters
(a), the disappearing rate of high remitters (g) and the probability that a low remitter

becomes a high remitter (the probability of success p).

In a first step, we analyze the impact of one of the three parameters z = {a, g,p} on
the low remitter population from equation (7). Since we know that ¢(L,z) is such that
¢(L,z) = 0 and that its first derivative with respect to L is strictly negative, we know that
there exists a function L = ¢(z). We can therefore use the implicit function theorem to

deduce the sign of 4& = ¢/(z). Formally, we know that:
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Op(L,x)

= Gl with <8L) <0 9)
oL

Therefore, the sign of the impact of an incremental increase in one parameter on the
low remitter population at the steady state is given by the sign of the impact of an increase

in that parameter on the function ¢(L,z) = 0. That is:

sign L = sign 7@¢(L,x)
g dx ) g ox

The second step consists in studying the impact of an incremental increase in one
of these same three parameters on the high remitter population. From equation , we
observe that the high remitter population is a function of L and implicitly of z, H (L(x), x).
Therefore, we compute its derivative as follows:

dH(-) OH(-) dL O0H(-) p(l—a)dlL  OH

dx oL '%—’_ ox g dl’—i_%

(10)

The sign of this derivative thus depends on the impact of each parameter on both

the low remitter population, %, and the high remitter population, %—g. The result is

drL
dz

In particular, we find that the impact on the high remitter population steady state H*

unambiguous if %= and %—ZI are of the same sign.

of the disappearing rate of L, a, and of the disappearing rate of H, g, is straightforward
because these parameters negatively impact the low remitter population and the high
remitter population. However, the effect on the low remitter population of changes in the
probability of success, p, is quite ambiguous. Yet, by computation, we observe that an

increase in that probability increases the high remitter population.

The combination of the effects on both populations, the low and high remitter popula-

tions, allows us to conclude on the variations of the total migrant population.
All these observations can be summarized in the following proposition.

Proposition 3 An incremental change in various parameters of the model - a, g and p
- affects the populations of low and high remitters and the total population of migrants as

follows:
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e The low remitter population (L*) decreases with higher disappearing rates of low
and high remitters (a and g). However, if the attractive effect of high remitters, at
the margin, is higher (resp. lower) than their disappearing rate, then the probability
of becoming a high remitter (p) has a positive (resp. negative) impact on the low

remitter population at the steady state.

e The high remitter population (H*) decreases with higher disappearing rates of
low and high remitters (a and g). However, their number increases with a higher

probability of success (p).

e The migrant population (M*) decreases with higher disappearing rates of low and
high remitters (a and g). However, if a higher probability of success (p) increases
the low remitter population, then an increase in this probability also increases the
total migrant population. In the reverse case, the number of migrants can increase
or decrease according to the various forces of both disappearing rates, the deterrence

and the attractive effects.
Proof. See appendix. =

Table [1| presents all these results:

Table 1: Comparative Statics

dL/dx dH/dx dM/dx

disappearing rate of L - - _
disappearing rate of H - - .
probability to become H 4 /— + +/—

9 The negative impact of remittances on incentives to migrate

This section turns to the second channel through which remittances impact migration and
corresponds to the literature claiming that remittances may negatively affect motivations to
migrate. Contrary to the first channel, we identify different types of equilibrium depending
on ranges of parameter values corresponding to various dynamic behaviors. For the sake
of clarity, we chose to focus on the analysis of steady states and comparative statics not
analogue to the first case rather than to study all the different equilibriums, which could

turn out to be wordy.
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5.1 High remittances as deterrence effect

When considering the economic role of remittances, we assume that the flow of new mi-
grants, m, is negatively related to the number of high remitters, H, whereas the number
of low remitters, L, stimulates people living in their origin country into migration. For in-
stance, when recipients receive a high amount from abroad, their income actually increases
which, in turn, decreases their motivations to migrate for economic reasons. On the other
hand, residents receiving low amounts still have incentives to send another member of the
household abroad (because their needs are not satisfied) and may use the remittances to

finance migration costs.

Consequently, the properties of the “contagion” function differ from those introduced
in the previous channel. Here, the “recruitment” effect is captured by the presence of low
remitters (L) whereas the deterrence effect is linked to the number of high remitters (H).

On this basis, assumption [ summarizes the corresponding properties of the function F.

Assumption 4
(i) F(H,L) is a decreasing function in H; OF (H,L)/0H < 0.

(ii) F(H,L) is an increasing function in L; OF(H,L)/0L > 0.

We also reverse the boundary conditions in order for them to fit this new channel.

Assumption 5

(i) IngF(H, L)=F(0,L) e RT; L im F(H,L)=0

— 400

(i) lim F(H,L) =0; lim F(H,L)= oo,

——+400

(i) lim  F(H,L)=0; lim F(H,L) € R"
(H,L)—(0,0) (H,L)—(+00,+00)

Despite these new properties of the “contagion” function, assumption [3] nevertheless
remains true in the sense that, following a marginal increase in the low remitter population,
the forces leading to a decline in the low remitter population are assumed to be stronger
than those increasing the group in the long run. This assumption remains credible since the
population of low remitters cannot indefinitely increase. However, the new properties of

the “contagion” function imply a slightly different interpretation. Indeed, we now compare
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a direct effect of an increase in the low remitter population, which is the increase in the

“recruitment effect” 0F(H,L)/OL net of the full proportion of low remitters who quit

the group, a + p(1 — a), to an indirect effect represented by the increase in the deterrence

effect linked to an increase in the number of high remitters due to the initial increase in the
. OF (Hy,L . OF (Hy, Lt

number of low remitters, 22 . %f’tt). Note that the sign of C' = % —la+p(1 —a)]

is now ambiguous and depends on the parameters. Assumption [3] only implies that C' <
OH OF (Hy, Ly)

9L OH,

TV
EC()

5.2 Existence and stability of the equilibrium

The analysis of the existence and the stability of the steady state is quite similar to the one
conducted in Section 4. However, a perusal investigation of the stability properties shows

that the equilibrium can be of different types according to the values of parameters.

Since the dynamic system formed by the two equations and has exactly the
same structure for both channels, the steady state of low and high remitters, if it exists, is

also the same:

H;:p(lg_“)L: ¢(L*):i+F<p(lg_“>LI,LZ‘> —[la+p(l—a)]Li=0

Given the new properties of the “contagion function”, we easily observe that the sign of
the trace of the Jacobian matrix (equation [§]) is now ambiguous and can either be positive
or negative. Even if the sign of the determinant does not change (it is still positive), the
discriminant may also be of various signs. Therefore, the full analysis of the properties of
the equilibrium leads us to identify four different cases according to four different ranges of
the parameters valuesp;g] Each range leads to specify various types of equilibrium. Namely,
these various types of equilibrium depend on the value of the direct effect on the low
remitter population of the arrival of an additional low remitter (C'= 0F(-)/0L —a—p(1 —

a)). According to its value, the dynamic system behaves differently.
Proposition 4 Under assumptions [3{3, we claim that :
(1) there exists a unique steady state,

(ii) this equilibrium can be either a sink (stable node/focus) or a source (instable node/focus)

depending on the values of the parameters of the model.

13These four cases are presented in the appendix of proposition
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Proof. See appendix. ®

Table [2| summarizes the different types of equilibrium of the model for a particular

range of C' €] — 0o, Cp.

Table 2: Equilibrium Types

C —00 1 0 g Cy Cy
Tr(J) - - - + +
A(J) + - - - +
Stable Node Stable Instable Instable
Focus Focus Node

with Cy = —g — 2\/p(1 —a) <—%§)) and Cy = —g +2\/p(1 —a) (—%)
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5.3 Comparative statics

Like previously, we conduct the comparative statics analysis to study the local impact on

the steady state of marginal changes in one of the three parameters (a, g, p).

The ambiguity of signs does not allow us to conclude easily on the impact of a variation
in one of the parameters on the steady state. Nevertheless, the ranges of parameter values

allow us to obtain some relevant results outlined in proposition

Proposition 5 A marginal variation in parameters - a, g, p - impacts the populations of

low and high remitters and the total population of migrants in the long run as follows:

e The low rematter population (L*) can rise or fall with higher disappearing rates of
low remitters (a) but increases with higher disappearing rates of high remitters (g).
On the contrary, the number of low remitters decreases with a higher probability of

success (p).

e The high remitter population (H*) decreases with higher disappearing rates of low
remitters (a) as long as the net effect on “recruitment” of a marginal increase in the
number of low remitters (C) is smaller than the probability to remain a low remitter
((1 —a)(1 — p)); otherwise, it increases with a. This population, at the steady state,
decreases with higher disappearing rates of high remitters (g) as long as the net effect
on “recruitment” of a marginal increase in the number of low remitters (C') is negative
and rises otherwise. Finally, the probability to succeed (p) has a positive impact on
the population equilibrium if and only if the disappearing rate of low remitters (a) is

higher than the marginal increase in the “recruitment” effect (OF(-)/OL).

e The migrant population (M*) can either increase or decrease with higher disap-
pearing rates of low remitters (a) as well as with higher disappearing rates of high
remitters (g) when the net effect of a marginal increase in the number of low remit-
ters on “recruitment” is negative (C' < 0). However, with positive values, the total
population of migrants increases with higher disappearing rates of high remitters (g).
Finally, the impact of a higher probability of success remains ambiguous when the
net effect on “recruitment” is small enough (C < —p(1 — a)) whereas it is negative

otherwise.
Proof. See appendix. =

Table [3] sums up the results of proposition
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Table 3: Comparative Statics in Scenario 2

¢ —0 —p(l—a) C 0 (1-a)(1-p) g C: Gy
Disapparing dL/da +/— +/— +/— 1 +/- +/— +/- +/-
rate of L dH/da - - - - x I ¥
dM]da /- - e /- /= /-
Disappearing | dL/dg + + T T ¥ ¥ ¥
rate of H dH/dg - - - T ¥ ¥ ¥
dM/dg /- - - + + ¥
Probability dL/dp - - - - - - -
to become dH /dp + - - - - - -
H dM /dp +/— - - - N N N

6 Discussion and policy implications

Previously, the comparative statics revealed how, for both channels, a variation in one of
the three parameters of the model (a, g or p) affects the steady state equilibrium, in other
words the populations of low and high remitters. We now turn to a discussion related
to policy implications deriving from these results. These parameters may be modified by
public policies implemented either in the host country or in the origin country of migrants.
Therefore, a good understanding of the impact of a change in one of these parameters and

the channels of the diffusion of these impacts may be helpful to policy-makers.

The disappearing rate of failing migrants (a) represents the proportion of low remitters
who quit this population but do not become high remitters. These migrants may leave
that group for several reasons. They can go back to their home country VoluntarilyFE]
or simply dier_gl But the level of the disappearing rate of low remitters can also reflect
specific public policies directed towards migrants: policies to facilitate migrants’ returns
to their home country, difficulties to renew residence permits and visas, deportations of

illegal migrants. ..

For both channels, an increase in the disappearing rate of low remitters has a direct
negative impact on the low remitter population as well as on the high remitter population,
since the number of successful migrants depends positively on the flows from failing mi-
grants to successful ones: the less low remitters there are, the less high remitters there will
be (remember that we assume that new migrants automatically join the failing migrants

population).

4 They could also go to another country than their home country.

"5Note that the mortality rate of failing migrants may be higher than the mortality rate of natives of
the host country or even than that of the high remitter population. Indeed, failing migrants may have
strenuous jobs, benefit from worse health insurances, live in poor conditions. . .
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However, a change in this variable also indirectly affects the “contagion” function and
thus has different implications depending on the prevailing channel. Recall that, in the
first channel, high remittances act as a contaminant factor, and, in the second channel, low
remittances play that role. An increase in the disappearing rate of low remitters induces
a direct decrease in the low remitter population, which implies a smaller (resp. higher)
deterrence effect in the first (resp. second) channel. Simultaneously, the increase in the
disappearing rate of low remitters induces a direct decrease in the high remitter population,
which implies a smaller (resp. higher) recruitment effect in the first (resp. second) channel.
In both cases, the deterrence and the recruitment effects vary in the same direction, but
have opposite consequences on the number of new migrants and ultimately in the number
of low remitters.

The final impact of the disappearing rate of low remitters on the number of low and
high remitters and on the total migrant population is negative in first channel, as shown

in proposition [3] and remains ambiguous in the second one, as shown in proposition

The disappearing rate of high remitters (g) is in part similar to the disappearing rate
of low remitters since it also represents returns and deaths. However, some successful
migrants may leave the high remitter population while staying in the host country: the
disappearing rate g also includes migrants who stop remitting.

For both channels, an increase in the disappearing rate of high remitters has a direct
negative impact on the high remitter population. This decrease in the number of high
remitters, either because they actually left the host country or because they stopped re-
mitting, has indirect consequences on the “contagion” function: it has a negative impact
on the recruitment effect in the first channel, while the impact is positive in the second
channel. Thus, the number of new migrants and ultimately of low remitters decreases in
the first channel while it increases in the other one.

The fall (resp. rise) in the number of low remitters in the first (resp. second) channel,
in turn, has a negative (resp. positive) impact on the high remitter population. Thus, in
the first channel, the direct and indirect impacts of an increase in the disappearing rate of
high remitters on that same population reinforce each other: the number of high remitters
decreases with their disappearing rate. However, in the second channel, these impacts
vary in opposite directions, which explains why proposition [5|states that the high remitter
population may increase with its own disappearing rate, depending on parameters values.

Finally, in the first channel, the total number of migrants decreases with the disap-
pearing rate of high remitters (since both remitter populations decrease as well). In the
second channel, depending on the parameters values, the variation of the total number of

migrants with the disappearing rate of high remitters depends on the parameters values.
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Given these mechanisms, the disappearing rate of high remitters may be targeted by
policy-makers in order to influence migration flows. The impacts of policy changes on the
number of migrants are straightforward if the first channel prevails; however, they are more
difficult to anticipate in the second channel.

We will focus here on the case where high remittances are the contaminant factor. First,
policy-makers can have a direct impact on the number of migrants by increasing both dis-
appearing rates, through the implementation of policies facilitating migrants’ returns to
their origin countries or making more difficult their staying in the host country (policies
concerning the renewal of visas, policies reducing labor access...). Second, policies in-
fluencing indirectly the rate of disappearance of successful migrants may be implemented.
For instance, a successful migrant has a higher probability of beneficiating from the family-
reunification policy; once his family has joined him in the host country, he may stop sending
remittances since all the former beneficiaries now live with him! Naturalization policies
may have the same indirect consequence: a successful migrant has a higher probability of
being naturalized, in which case he may feel that he does not have anymore obligations
to send money back to his origin country. This kind of policy therefore affects the dis-
appearing rate by increasing the share of high remitters who "exit" from this population.
Acknowledging the negative impact of a rise in the disappearing rate of high remitters
on the migrant population, policy-makers can expect that these policies will decrease the

number of migrants in the long run[°}

The probability of leaving the low remitter population to join the high remitters one (p)
is quite difficult to precisely define. It is naturally linked to the host country labor market
and reveals a probability of succeeding economically and socially. Therefore, measuring
that probability and analyzing its causes remains a tricky question.

Nevertheless, propositions (3| and [5| yield some relevant indications about the impact of
a variation of that probability by comparing the various forces in action.

First, an increase in the probability of success has a direct negative impact on the low
remitter population and a direct positive impact on the number of high remitters on both
channels.

Second, the variations in both populations have indirect impacts on the “contagion”
function: in the first channel, these variations imply a decrease in the deterrence effect and
an increase in the recruitment effect while it is the exact opposite in the second channel.

Anyway, in both channels, the recruitment and deterrence effects vary in opposite directions

6We acknowledge the fact that information sent by those who return, by those who die or by those
beneficiating from family-reunification policies may be different; in this model, however, they are treated
as similar since we analyze the remitting behavior of migrants.
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and thus have similar consequences on the number of new migrants and ultimately on the
low remitter population. The indirect impact of an increase in the probability of success
is thus positive for both populations of remitters in the first channel and negative in the
second. In the first channel, the direct and indirect impacts reinforce each other (positively)
in the case of the high remitter population whereas they are contradictory for the low
remitter population, which explains the results of proposition |3l Likewise, in the second
channel, the direct and indirect impacts reinforce each other (negatively) in the case of the
low remitter population whereas they are contradictory for the high remitter population,
which explains the results of proposition

The impact of the probability of success on the total population of migrants is ambigu-
ous as well. Obviously, if the low and high remitter populations move in the same direction
when this probability increases (both populations would increase in the first channel, and
decrease in the second), then the impact on the total migrants population is straightfor-
ward (positive in the first channel, negative in the second). In the opposite case, the impact
on the total number of migrants of an increase in the probability of success depends on the
parameters values. More precisely, in the first schannel, in order to assess the impact of
the probability of success on the total number of migrants, we need to compare two differ-
entials: on the one hand, the difference between the disappearing rate of low remitters and
their deterrence effect which represents the positive "exiting" rate of low remitters (those
who disappear and the would-be migrants who did not migrate because of the deterrence
effect); on the other hand, the difference between the disappearing rate of high remitters
and their attractive effect which represents the positive “exiting” rate of high remitters
(those who disappear minus the migrants who decided to come because of the attractive
effect). If the first differential is higher than the second, then low remitters exit more
“rapidly” than high remitters; the increased attractive effect induced by an increase in the
probability of success is higher than the increased deterrence effect, and the total number
of migrants increases with the probability of success. In the opposite case, the probability
of success has a negative impact on the total migrant population.

Despite these ambiguous impacts, some policies directed towards migrants in host coun-
tries (affirmative action policies, training policies...) will necessarily have an impact on
their probability of success and ultimately on migration flows. For instance, when high
remittances are the contaminant factor (i.e. when the informative channel prevails), if
public policies are such that the disappearing rate of successful migrants is high (through
numerous family reunifications or naturalization for instance) and the disappearing rate of
failing migrants low, then increasing the probability of success of migrants may surprisingly

induce a fall in the total number of migrants.
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The analysis of the comparative statics and the discussion of their policy implications
highlight that each of the main parameters of the model can directly be used as a migration
tool to influence migration flows. Furthermore, our model allows us to shed light on how
these same parameters also play an important role through another channel, namely the
contagion function. By directly impacting the high and low remitter populations, these
parameters modify the attractiveness and the deterrence effects such that the impact of a

change in one of these variables goes beyond traditional beliefs.

7  Conclusion

In this paper, we developed an epidemic model in order to study migration incentives
created by different levels of remittances revealing the success or the failure of migrants in
the host country and having an impact on the economic conditions in the origin country
of migrants. Remittances are seen as the "contaminant" factor for migration decisions.

This original approach allowed us not only to highlight the importance of dynamics
when studying migration and the significance of some parameters such as the probability for
a migrant to succeed economically in the host country, but also to draw some implications
for public policies. And above all, we hope we demonstrated the benefit of epidemic models
as promising avenue for research on the topic of migration and remittances.

In this paper, we distinguish between two channels through which remittances impact
migration. In the first channel, remittances play an informative role about the actual eco-
nomic conditions in the host country: high remittances, revealing the success of migrants,
create incentives to migrate, while low remittances, revealing the failure of migrants, tend
to dissuade would-be migrants. In the second channel, the economic impact of remittances
is considered: high remittances, improving the economic conditions of recipients in their
origin country, have a negative impact on migration intentions (and decisions), while low
remittances do not fulfill recipients needs but can help financing additional migration and
thus encourage further migration. In reality, of course, remittances play both roles: they
have an impact on the economic conditions of recipients, and they give information about
the host country. However, one of these impacts is likely to override the other, and the
final impact of remittances on migration depends on the relative strength of each of these
impacts. Thus, one may consider the study of the first channel as the case where the sig-
naling role of remittances is more important than their economic impact, while the study

of the second channel represents the inverse case.

The study of the comparative statics of the steady state equilibrium shows that, under

certain conditions, family-reunification and naturalization policies may have the surpris-
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ing effect of reducing the total number of migrants in the host country, by diminishing
incentives to migrate for would-be migrants still in their country of origin. Indeed, these
policies indirectly increase the rate of “disappearance” of successful migrants by decreasing
their motives to remit. When the signaling role of remittances overcomes their economic
impact, this increase will reduce the attractive effect from migrants’ remittances and thus
total migration.

Likewise, policies improving the integration of migrants and thus their probability of
success may have contradictory effects on the total number of migrants. These policies will
induce an increase in the number of successful migrants if the signaling role of remittances
is stronger than their economic impact, and a decrease in the number of failing migrants
otherwise. However, their impact on the other remitter population and on the total migrant
population can be either positive or negative, depending on other public policies influencing
the rate of disappearance of migrants, and on the size of the attractive and deterring effects
of high and low remitters. Thus, when designing policies directed towards migrants, host
countries must acknowledge the fact that the behavior of migrants has an impact on future
migration flows through the "contagion" function summing up the attractive and deterring
effects of high and low remitters. Interactions between policies and their impacts on future
migrations must be taken into account.

The epidemic modeling we proposed offers an interesting research agenda on the sub-
ject of migration and remittances. First, it allows us to overcome the empirical findings
highlighted in the literature: the impact of remittances depends not only on their amounts
but also on the probability for migrants to economically succeed in the host country. This
probability was taken as exogenous in this model but future research could try to endo-
geneize it. Future research may also take into account the impact of returning migrants on
migration incentives and acknowledge the fact that remittances may not reveal perfectly
the economic conditions of migrants. Indeed, on the one hand, migrants may manipulate
remitted amounts in order to improve their social status (Naiditch & Vranceanu, 2011), or,
on the other hand, they may be reluctant to send large amounts although they succeeded
in the host country. Second, epidemic modeling allows us to study more thoroughly the
impact on migration of changes in public policies aiming at managing migration, such as
selected migration policies, family-reunification policies, borders controls. ..

Finally, epidemic models are intended to be empirically simulated. Regarding the
relationship between remittances and migration incentives, empirical data necessary to
provide comprehensive information to simulate our model and derive robust conclusions
are lacking. For instance, there is no time series on the stock of migrants from one country

residing in another one, not to mention the difficulty to estimate disappearing rates and
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the probability of success of migrants. This first theoretical approach of epidemic modeling

is a plea for more efficient information systems and more diverse indicators on migration

and remittances.
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Appendix

Proof of proposition [I]

We have to check that ¢ (L:) admits at least one solution. First, under assumption [2} we observe that:

lim ¢(L) =1 lim ¢(L) = —oc0

L—0 L—+oco

Under assumption [3] we also observe that the function ¢ is monotonous:

oy~ PA= @) OF() | OF()
o(0) = BB+ S —latp(—a) <0

Since ¢ (L) is strictly decreasing from ¢ to —oo, there is a unique L* such that ¢(L*) = 0.

Proof of proposition 2]

First, observe that:

Tr(J)=—g+ agil(/) —[a+p(1—a)] = —g+ C < 0 under assumption[]]

der(r) = =g (252 ~ o o1 = ) = 01 - 0 20
=—g (C + W%) > 0 under assumption [3]

A = (r()?* = aderr) = (=25 b la s - 0] = 9) +apl1 - 2L
= (C+g)* +4p(1 — a)aLO > 0 under assumption

OH
(i) The sign of the discriminant determines which kind of critical point we have. Since the discriminant is

positive, we can conclude that the critical point is a node.

(i) The sign of the trace gives information about stability. Since the trace is negative, we conclude that
the system is stable. Since the determinant represents the product of the characteristic roots and the trace
is the sum of characteristic roots, the characteristic roots A1,2 are of the same sign and are negative. The

system converges to the steady state.
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Proof of proposition [3]

In order to determinate the sign of , we need to study the sign of d¢(L ) Let us compute the derivatives
of interest for the low remitter populatlon and use assumption l

008 a) _ . 0F() oL
da =-L g OH + (1 —p)| <0 therefore - <0
dg - g2 OH < 0 therefore a9 <0

06(L",x) _ (L=a)L” (OF() oOF ()
9p B g OH >0 if OH > g, (< 0 otherwise)

oOF()

g 9 (< 0 otherwise)

therefore d—L > 0 if
dp

We easily compute the partial derivatives of the high remitter population with respect to a and g and
conclude on the sign of equation :

om
da

oH = —ML* < 0 therefore af <0
dg g2 dg

— Py < 0 therefore ai <0
g da

Then, inserting equation (ED in the derivative (10) and using assumptions |1 and [3| we get:

(1—a)L* [ OF(")
PP B 0 B
dp g p(l a)BF()+8F() [ +p(1_a)] g
* OF (-
_ oz [P e
g ¢"™)

Concerning the results on the total migrants population, it is obvious for the effect of parameters a

and g because it is the sum of two negative impacts. However, the derivative of % is as follows:

(l—a)L* OF(:) .
av _ap an_ (%) o (40—
dp dp  dp ) g o)
1 (1—a)L* | 0F() OF (")
= =5 —gta-—~
) g OH aL
>0 >0

Therefore, we distinguish 3 cases:

L. 1f 22 > g then 22 > 0.

2. Ifa—ag—é)>g—m‘w< > 0, thenﬂ>0
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3. Ifg— 250 > a— 200 > 0, then 42 < 0.

Proof of proposition [
(i) Cf. proof of proposition

(ii) 1% step : Observe that assumptionis true iff C' €] — 0o0; Co[ with Cp = —@% > 0.
2"? step : Remark that

Tr(J)=—g+C<0if C <g (> 0otherwise)
det(J) = —g(C —Cph) >0

A(J) = (C+g)* —4p(1 - a) (—%) = (C+g)* - (2\/;9(1 —a) (_ffg)n

o= (comayba (D) |e- (cosnoa—a (-25))

=Cq =C2

A(J) <0 if C €]C1,Cq|
3rd step : Notice that

(@) Co—Cy= (Zﬁ—sqrtp(l—a) (—‘Ey)):o = Co> Ch

(b)) g-C2=2 (g - \/gCo)
if g>Co= g2>g00:> g>+vgCo= g>Co
otherwise Cy > g > 0

Combining the three steps, we identify 3 ranges of parameters in-between C' can vary.

1. Case1: Co>Ca>g>0>C4
2. Case2:g>Co>0>Ce>C1

3. Case3: g>Co>C2>0>C

Proof of proposition

We reformulate the proof of proposition [3] taking into account the new assumptions on the “contagion”

function.
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d¢(L*, x) .[p OF() - L .
gL L) e — )| =0 therefore &2

%a L g oH + (1 —=p)| = 0 therefore Ia ambiguous
99(L", 2) = _p = a)L" 9F() > 0 therefore —25 >0

dg g? OH
96(L",2) _ (L—a)L* (9F() dL
o9 = p; o Y < 0 therefore dp <0

Then, inserting equation @D in the derivative and using assumption |3| and assumption [4) we get
the result for H:

dH  pL*  [0F() (dH\

A (6T - 1) = sign <%) =sign (C —[(1 —a)(1 —p)])
de__ip(l—a). . sign ai = sign

s =g v v () =i

din_M a_&(') sian dH — sign (—C — —a

i =iy (2 %) = () =m0

We compute the derivatives of L and H to obtain the results of M :

Bt (P OO ) g (B0 i (225 s

G = (0 ) = o () o (0= 50)

%:_% (%—g—C—p(l—a)) = sz‘gn<%—]\§> :sign(%—g—c—ﬂl—a))
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