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Abstract: We look at the dynamics of identity and immigration in a setting in which political decisions
regarding immigration are made by a majoritarian democratic process and location is endogenous. We
introduced an agent-based model that allowed us to explain the following facts: When individuals are
not allowed to choose their own location, the ratio of immigrants in the population is close to optimal
and assimilation works well. On the contrary, when individuals are allowed to move, clusters of different
types of populations form. This has the following consequences: assimilation becomes more difficult
by formation of closed communities and therefore the native identity can only survive if a large level of
immigration is supported by individuals protected from its consequences and vote with local informa-
tion or consideration. Even in the latter case, temporary outbursts of anti-immigration policy can occur.
These results should be understood in the recent context of increasing salience of identity concerns and
the following positive electoral results for the so-called populist movements in Western countries.

Keywords: Identity, Immigration, Democracy, Mobility, Schelling Model, Agent-Based Model

Introduction

Sentiment about immigration has been a decisive factor in the recent electoral victories by what are of-
ten called populist movements or candidates: Leave in the UK Brexit referendum (Goodwin & Milazzo
2017;Clarke et al.|2017), Donald Trump in the US (Sides et al.[2017;|Hooghe & Dassonneville[2018), Five
Star Movement and Lega Nord in Italy (Abbondanza & Bailo|2017;|Caselli et al.[2018). The influence, di-
rect or indirect, of immigration on voting outcome has three main components. First, it can most of the
times be linked to a popular concern for identity or culture permanence (Lubbers2008;|Barone et al.
2016;|Major et al.|2016;|Swales|2016;[Sides et al.[2017;Brunner & Kuhn|2018; Alabrese et al.[2019) in line
with what is referred as inter-group threat theory (Stephan & Renfro|2002). Voters behaving according to
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this identity concern, see their shared cultural background as an important trait of the society they live
in or as a necessary component of their social capital (Putnam|2007). Immigration and more importantly
insufficient assimilation ofimmigrants imply future and expected changes in their cultural environment.
They fear this environment will disappear or be changed beyond what they would accept (McLaren|2012;
Davis & Deole|2015;[Kaufmann|2017a).! Second, the vote over immigration and identity has a strong ge-
ographical determinant whether for levels or rapid changes of immigrant presence (Kaufmann & Harris
2015;|Goodwin & Milazzo|2017;|Kaufmann|2017b;|Arnorsson & Zoega|2018). This explanation in terms of
geography has often been extended and partially covers the theory of a struggle between cosmopolitan,
liberal, multicultural and internationalist elites on the one hand and, on the other hand, geographically
rooted masses which have hard time adapting to border nullification and are more and more leaning
toward the political forces of populism. This theory has been recently argued by|Goodhart|(2017) in the
case of Brexit (see also|Inglehart & Norris|2016; Lee et al.[2018) but can be already read in|Lasch|(1996).
Finally, if immigration has an impact on the way people vote, in turn, at least in democratic countries,
the preferences of the voters influence — or at least should influence — immigration flows. Hence a
complex two-way dynamic of immigration and the popular acceptance of it.

In the present article, we intend to study the dynamics ofimmigration and identity in a setting with a ge-
ographical dimension and a political democratic decision process. In order to do that, we use the frame-
work that has been introduced by|Sakoda| (1971) and [Schelling| (1971) and that is particularly adapted.
The original Schelling model is an agent-based model that was used to study the social consequences
of a set of simple behavioral individual rules. The original implementation showed how slight prefer-
ences in individuals’ unmixed neighborhoods can have significant consequences in housing segrega-
tion. See alsolJensen et al.|(2018);|Flaig & Houy|(2019) for further generalizations and discussions of this
result. In our implementation, we will consider two types of agents: immigrants and natives. All choose
their location and natives vote on political decisions regarding immigration. Both of these choices are
made considering the level of the different types of population in the neighborhood of the location the
individuals live in. Finally, assimilation is endogenous as it also depends on the neighborhood where
immigrants’ children are raised. Obviously, because we are dealing with identity, we are dealing with
long term effects and therefore the last module of our model is vital dynamics (births and deaths).

We believe that our model is a genuine attempt to provide a framework to study democracy, identity,
immigration and mobility with endogenous dynamic interactions between those concepts. We will use
this framework to give some illustrations of possible future dynamics. We will particularly focus on the
long-term permanence or disappearance of the native identity since it is a concern for most of the cur-
rent western electorates. As a base case, we will consider a situation where natives alone have a fertility
rate below replacement level. Hence, without immigration, their identity would not be able to survive
in the long run. Even when the population agrees to welcome immigrants, the latter population should
assimilate to the natives’ culture or the former may be overwhelmed. We show that the outcome of the
dynamics highly depends on mobility and how local voting is. In our base case and without mobility,
the society follows a path with an optimal ratio of immigrants and a high level of assimilation. However,
when mobility is allowed, clusters of population with similar type form and assimilation is made more
difficult (Danzer & Yaman|2013). As a result, in these unmixed multicultural societies, either natives’
identity disappears by lack of assimilation or the ratio of immigration is kept much higher than wished
by voters. The latter case can only occur when voting is based on local information and support for a
numerous population of immigrants is obtained by voters that are geographically isolated from immi-
grants and hence have no contact with them. Interestingly, even in this latter case, temporary outbursts
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of anti-immigration popular support and policy can occur.

Our results and their interpretations depend heavily on two definitions that we discuss here. The first
definition is the difference that we make between the populations we consider (Citrin & Wright{2009). We
define the native population as the set of individuals that share the identity of the original population.
The complement of this set of individuals are immigrants. Notice that it is not an ethnic definition so
that immigrant’s children can become natives. The second definition is assimilation which is precisely
the process through which an immigrant’s child becomes native.? Following these definitions, we make
the additional strong assumption that the voting right is awarded only to the natives, i.e., to individuals
sharing the same and original identity. Notice also that, with this definition, it is possible to have the
native identity still living even though there is no actual descendant of the original population. Indeed,
the native identity can perpetuate through individuals who are descendant of immigrants but whose
ancestors or themselves have assimilated in the past.

The closest studies to ours are|Urselmans| (2018) and |Urselmans & Phelps|(2018). In these studies, the
authors focus on the dynamics of immigrants’ location. They show the crucial importance of population
density and introduce the possibility to have endogenous inter-group tolerance levels. Besides many
technical differences, our concern is quite different and implies different qualitative modeling options.
First, we consider that immigration levels are endogenous through a democratic process. Also, since
we have long-term concerns like identity changes, we consider vital dynamics as an important feature
of our model. For these two reasons, population density is endogenous in our model. Finally, we have
two types of agents — natives and immigrants —, all agents of the same type being homogenous in their
inter-group tolerance.

In[Section 2] we describe our agent-based model. In[Section 3] we show our results for some parameter
values. For the sake of conciseness and clarity, we chose to display the results only for an illustrative
case in the main text. Yet, analytical considerations, generalizations and robustness studies are to be
found in Appendix.|Section 4|concludes.

Materials and Methods

We consider a country® which is represented by an n x n grid with periodic boundary conditions. There
are two types of individuals, type 1 individuals, that we call natives, and type 2 individuals that we call
immigrants. At any time, each cell of the grid (or location) can be occupied by an individual of type
1 € {1,2} in which case we say that it is in state i, or it can be empty in which case we say that itis in
state 0.

Forany H € N*, we call the H-neighborhood of a location, the set of locations that are at a Manhattan
distance H of this location. Said differently, for a location at coordinates (i, ), its H-neighborhood is
the set of locations (¢, j') suchthat | i — ¢’ | + | j — j' |= H (not considering the periodic boundary
conditions). Weillustrate neighborhoods in Figurefi} For all simulations, we use a relevant neighborhood
sizethatwecall H > 1.

Individuals have a utility to live in a given location, say L. Let n; be the number of individuals of type
1 in the 1- to H-neighborhoods of L. Let ny be the number of individuals of type 2 in the 1- to H-
neighborhoods of L. And finally, let ny be the number of empty locations in the 1- to H-neighborhoods
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Figure 1: Lightest grey locations are the 1-neighborhood of the black location. Dark grey locations are
the 2-neighborhood of the black location. Darkest grey locations are the 3-neighborhood of the black
location.

of L. An individual of type i in location L has a utility

ng
ng + n1 + no

ui(nOanlanQ) = Z -

ke{0,1,2}

where ti € R is the target in type k € {0, 1,2} for individuals of type i € {0,1,2}. Then, individuals
have a target in terms of number of types in the neighborhood of their location. As we get further from
this target, utility decreases.

The dynamics of our model is ruled by the four possible events that occur in continuous time: deaths,
births, moves and immigration. We describe these events in the following.

Death. Any individual dies at rate .. When an individual dies, the location where it stood before it died
becomes of state 0. Notice that we do not consider age categories and that the death rates of natives
and immigrants are considered equal.

Birth. Any individual in location L can give birth to another individual at rate v. This birth takes place
if there exists at least one empty location in the country. In this case, one of the empty locations is
uniformly drawn by chance. We call [ this location. I changes of state with the following rule.

e Ifthe individual giving birth (in location L) is of type 1, her child is of type 1 and [ becomes of state
1.

e Iftheindividual giving birth is of type 2, then, her child’s type depends on the population in the 0
to H neighborhoods of L. Let n; (resp. nz) be the number of individuals of type 1 (resp. type 2)
in this neighborhood of L.* The probability that the child is of type 1is a function of the weighted
(with weight o) proportion of n; individuals, —*21—_ This function is illustrated in Figure5

a.ni+ns’

Let us list the implicit assumptions behind our birth dynamics. First, we consider asexual reproduction
in order to avoid all matching technicalities. Second, we interpret that when a child comes at the age
of living by himself,? she has to migrate to another country if there is no location left in the country we
model. Considering the birth rate as depending on the number of empty locations in the country would
be another possibility that would be more artificial in our opinion. Finally, we assume that immigrants’
children are raised at their parents’ place and, in the neighborhood they live in, they undergo influences
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Figure 2: Probability that a child with a type 2 parent be of type 1 as a function of the ratio of individuals
of type 1in the neighborhood where is was born. Plain: & = 1, dashed: o = 2, dotted: a = 0.5.

that determine their type when grown up and moving away from their parents’ place. If raised in a neigh-
borhood with only type 2 individuals, a child becomes of type 2. If raised in an environment with many
type 1individuals, a child likely becomes a type 1 individual. How the proportion of type 1 individuals
influences the likelihood of a child to become of type 1is parametrized by o > 0. The larger a, the
larger the influence of type 1individuals on the education of type 2 children in a neighborhood or said
differently, the larger the willingness or possibilities to assimilate.

Move. Any individual in location L has the possibility to move to another location at rate m. This move
takes place if there exists at least one empty location in the country. In this case, one empty location
is uniformly drawn by chance. We call [ this location. The move to location [ is accepted if the utility
that the individual gets from living in [ is strictly larger than the utility that she gets from living in L. This
moving process is at the heart of the models inspired by the Schelling model and generates the moving
externalities that allows the social outcomes to be often very different from a simple aggregation of
individual preferences.

Immigration. At any time, a migration can take place with rate e under the condition that there exists
at least one empty location in the country. Admission of this immigration in the country is made by a
democratic process. Each type 1individual, say in location L, casts her vote depending on the states of
the locations in the 1 to H neighborhoods of L. Let n; (resp. ns) be the number of individuals of type 1
(resp. type 2) in this neighborhood. The considered individual casts a vote for immigrationif ny +ns > 0

1
and TL17<L|>2’I’L2 < t;jt%'
this case, one empty location is uniformly drawn by chance and the immigrant, of type 2, settles in this
location. We are aware that the voting behavior we chose could certainly be very different. Yet, let us
explicit the voting choice model we have in mind. Individuals anticipate that the only way they could
be impacted by immigration is if it ever implies a move to their neighborhood (possibly at the arrival
of the immigrant). If it is the case, then they would rather have a type 2 individual move close to them
rather than a type 1 individual if the ratio of type 2 individuals in their neighborhood is low compared
to their optimal such ratio. As for the moving decisions, we do not claim that this is the voting decision
that a perfectly rational far-sighted forward looking individual with infinite computational power would

" The immigration is accepted if a majority of voters cast a vote for immigration. In
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Parameter Unit Value Description

n 20 Grid width and length
1 year' 1/80 Individual death rate
v year' 0.85u Rate for individuals to give birth
m day' 0.01 Rate to move
e day'  0.0025 Migration rate
H - 1 Neighborhoods size
«a - 1 Integration rate
/1 _ 0 Target in empty location forindividuals of
0 ‘ type1
1 1 Target in state 1 location for individuals of
tl - 1—th
type1l
1 Target in state 2 location for individuals of
t2 - 0.3
typel
2 _ 0 Targetin empty location for individuals of
0 type 2
9 Target in state 1 location for individuals of
2 - 0.3
type 2
2 _ 12 Target in state 2 location forindividuals of
2 1 type 2

Table 1: Parameters and default value.

make but we assume that this is a reasonable heuristics. Finally, notice that we assume that the rate of
immigrants applying to enter the country, e, is constant. Said differently, we implicitly assume that the
modeled country is always equally appealing forimmigrants and that only the decisions democratically
made by natives have an impact on the actual immigration rate.

In Table[l] we display the default parameter values for our simulations. Let us justify the main parameter
values for our base case. Life expectancy of individuals is 80 years. We consider that both the native
and immigrant populations have fertility rates below replacement level since each individual has had
v/p = 0.85 child on average when she dies.® The rate to move is such that an individual can move 3-4
times per year if she finds a better place to live. The immigration rate is such that about 0.25% of the
population of the country can be welcomed every year if democratically accepted. Allindividuals have a
utility that is maximum when there is no empty location around them and 30% of individuals are of the
other type. For any set of parameters considered in this study, results are given for 400 repetitions with
initial conditions such that there are 10% of immigrants randomly located on the map and no empty
location. In the Appendix, we show an analytical version of our model in order to study how parameters

affect the results described in the next[Section 3| We also display a robustness analysis (Appendix C

Results

In Figure[3] we display the evolution of the population for one simulation with the base case parameters.
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0 2000 4000 6000 8000 10000

Time (years)

Figure 3: Evolution of the population for a simulation with the base case parameters. Black: state 0, dark
grey: state 1, light grey: state 2.

(@) Time 0O (b) Time 400.

(e) Time 6000 (f) Time 7000. (g) Time 8800. (h) Time 9800.

Figure 4: Grid representation of the country at different dates displayed as blac vertical lines in Figu re
Black: state 0, dark grey: state 1, light grey: state 2.

In Figure we show the corresponding locations in the country at different dates.®

From date 0 to date approximately 400,'° the numbers of births by natives and immigrants are smaller
than the number of deaths. As immigrants are not numerous, immigration is political accepted: the
number ofimmigrantsincreases. After date 400, it continues to increase beyond the 30% mark until date
approximately 2,000 when it represents about 70%-80% of the population even though the number of
immigrants is much larger than the target of voters which is precisely 30%. This is possible because the
possibility for inhabitants to move let them form clusters of individuals of the same type. Notice that
the population being clustered is the consequence of the Schelling-like macro-consequence of the un-
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000 6000 8000 10000 0 2000 00 6000 8000 10000 o 2000 000 6000 8000 10000

rrrrrrrrrr Time (years) Time (years)

(a) No move allowed, local(b) No move allowed, global(c) Moves allowed, global
voting. voting. voting.

Figure 5: Evolution of populations for a simulation with the base case parameters and alternative mov-
ing and voting assumptions. Black: state 0, dark grey: state 1, light grey: state 2.

aligned micro-motives for location choices of individuals looking for relatively mixed neighborhoods —
remember that each individuals would be best off with 30% of its neighbors immigrants. In the clusters
of natives, only the boundaries vote against immigration whereas cores vote for it. Hence, immigration
can be accepted by a large majority of voters who have small numbers of immigrants in their neighbor-
hood even though the ratio of immigrants at the national level is above the natives’ target. Between
times 2,000 and 5,600, the population is relatively constant with the number of immigrants having as-
similated children compensating the death of natives and the death of immigrants being compensated
by immigration that is always accepted. We have a reached an equilibrium with a highly clustered pop-
ulation and a very high level of immigrant population very slowly assimilating. However, sometimes, a
crisis can occur. This crisis is not necessary." In this instance, at date 5,600, the number of natives be-
comes too small and immigration is now refused. This implies a decrease of both native and immigrant
populations. Then, a situation with a very high level of empty locations is reached. At that date if the
relative population of immigrants becomes, again, small enough, immigration is allowed again and we
can revert to the first equilibrium. If we define that there is a crisis as the one described above when
the number of empty locations is more that 50% of all locations before date 10,000, then 47% (95% Cl:
42.2% - 51.9%) of simulations display a crisis. In some instances, this crisis can be so deep that it leads
to the disappearance of the native identity. In 1.2% (95% CI: 0.5% - 2.9%) of the simulations, the native
identity has totally disappeared from the country before date 10,000. For the rest of the simulations, i.e.,
conditionally on the native identity not having disappeared before date 10,000, on average, the propor-
tion of empty locations at date 10,000 is 11.1% (95% ClI: 9.6% - 12.6%), the proportion of natives is 21.9%
(95% Cl: 21.2% - 22.5%) and the proportion of immigrants is 67.1% (95% Cl: 65.8% - 68.3%).

For the sake of comparison and robustness check, we display in Figure[5] some representative simula-
tions with the same parameter values but for which we don’t allow moves or we assume that voting is
based on proportions of populations in the entire country, i.e. voting is based on global information and
consideration.

Generally, when moves are not allowed and voting is local (one simulation being represented in Fig-
ure, at date 10,000, in 14.2% (95% Cl: 11.2% - 18.0%) of the simulations the native identity has totally
disappeared from the country. For the rest of the simulations, on average, there are 14.6% (95% Cl:
12.5% - 16.8%) empty locations, 61.7% (95% Cl: 60.1% - 63.3%) natives, 23.7% (95% CI: 23.1% - 24.4%)
immigrants. When moves are not allowed and voting is global (one simulation being represented in
Figure|5b), at date 10,000, in 8.0% (95% Cl: 5.7% - 11.1%) of the simulations the native identity has to-
tally disappeared from the country. For the rest of the simulations, on average, there are 13.2% (95% Cl:
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Assumptions (1) (2) (3) (4)

8.09 13.29 63.09 23.89
No move a“OWQd, (5.7%*11.?"/0) (11,5%714.90"/0) (61.7%764.3?&) (23.3%724.22&)
global voting
14.2% 14.6% 61.7% 23.7%
NO move allowed’ local (11.2“/0—18.0(3/0) (12.5°/o—16,82/0) (60.1%—63,;/0) (23,1%—24.‘2/0)
voting
66.2% 88.4% T1.7% 3.9%
MOVGS allowed, glObal (61.5“/0-70.7(")/0) (87.0%—89.8(3/0) (6.7%-3.2%) (3.4"/0—4.30"/0)
voting
1.2% 11.1% 21.9% 67.1%

Moves allowed, local
voting

(0.5% - 2.9%) (9.6% -12.6%) (21.2% - 22.5%) (65.8% - 68.3%)

Table 2: Results for the base case parameters and alternative moving and voting assumptions. 400 sim-
ulations for each case. Column (1): Probability of natives disappearance at time 10,000. Column (2):
Proportion of type 0 locations at time 10,000, conditionally on natives not having disappeared. Column
(3): Proportion of type 1 locations at time 10,000, conditionally on natives not having disappeared. Col-
umn (4): Proportion of type 2 locations at time 10,000, conditionally on natives not having disappeared.
All results given with 95% confidence interval.

11.5% - 14.9%) empty locations, 63.0% (95% ClI: 61.7% - 64.3%) natives, 23.8% (95% ClI: 23.3% - 24.2%)
immigrants. Then, when moves are not allowed, whether voting is global or local has not a large im-
pact on the results and the reason is that when moves are not allowed, populations mix. Hence, the
proportions of the different populations in a neighborhood or in the entire country are close. For the
same argument, at equilibrium, the voters manage to have the proportion of immigrants close to their
optimal level (30% in our case). Also, because the population is well mixed, immigrants’ children assim-
ilate more likely than in the case where moves are allowed and clusters form. This can be seen looking
at the next case. When moves are allowed and voting is global (one simulation being represented in
Figure , at date 10,000, in 66.2% (95% CI: 61.5% - 70.7%) of the simulations the native identity has
totally disappeared from the country. For the rest of the simulations, on average, there are 88.4% (95%
Cl: 87.0% - 89.8%) empty locations, 7.7% (95% CI: 6.7% - 8.7%) natives, 3.9% (95% Cl: 3.4% - 4.3%)
immigrants. In this case, voting is global so that for the same reasons as above, the natives vote for a
global target of 30% of immigrants. However, now immigrants hardly assimilate. Then, the only way for
natives to reach their immigrant target is to refuse immigration. Then, by assumption, the population
decreases until the number of natives becomes 0. All results are summed up in Table[2]

To sum up, if moves are not allowed, whether voting is made on a global or local basis makes only little
difference: because populations are mixed, immigrants assimilate, the probability that natives disap-
pear is relatively small and the proportion of immigrants is close to the target ratio. On the contrary if
moves are allowed, clusters of individuals with same type form and two cases are possible: either na-
tives’ disappearance is close to certain when voting is global or a very large proportion — compared to
the optimal proportion of voters — ofimmigrantsis to be accepted when voting is local. In the latter case,
the native identity can survive since even a small ratio of the numerous immigrant population assimi-
lating may keep it alive. Also in this case, a very high level of immigrants is democratically imposed by
a majority of individuals geographically segregated from immigrants and therefore not in contact with
them. This situation of high immigration can be sometimes interrupted by temporary anti-immigration
outbursts.

JASSS, 22(4) 4,2019 http://jasss.soc.surrey.ac.uk/22/4/4.html Doi: 10.18564/jasss.4107



4.1

4.2

Conclusion

In this article, we study the dynamics of identity and immigration with a model in which political deci-
sionsoverimmigration acceptance are made by a democratic process and living location is endogenous.
For the given set of parameter values that we use in the present article, we show the crucial importance
of location choices and voting procedure on the long-term future of identity and immigration. When
location choices are restrained, the immigrant population is close to what the population with native
identity wishes and a stationary state is reached with high assimilation ratio. However, when location
choices are implemented, two alternative dynamics can occur. The first possible dynamics, when vot-
ing is made on global consideration, leads to a likely disappearance of the native identity. The second
possible dynamics, when voting is made on local consideration leads to an unlikely disappearance of
the native identity but an immigrant population much more numerous than wished by the population
with native identity. The reason for these dynamics is that when individuals are allowed to move, clus-
ters of different types of populations form with the following consequences. First, assimilation becomes
more difficult because of the formation of closed communities. Then, when voting is global, the major-
ity voting democratic process leads to the presence of a smallimmigrant population that is not sufficient
to keep the native identity alive through assimilation. Alternatively, when voting is local, the share of
population that is not in contact with immigrants forms a popular support forimmigration that reaches
levels much higher than its optimal one. This numerous immigrant population can keep native identity
alive even with low assimilation ratio. In this latter configuration some temporary outbursts of anti-
immigration support by the majority can be witnessed.

Let us end this article with an important methodological remark. The present work displays an illustra-
tive model run with parameter values that are not justified very solidly and over time spans that are so
long that any reasonable quantitative result can hardly be defended. Our purpose in this article is not
to build a model to forecast the long-term future of democracies or to explicit what voters have in mind
for the long-term future of democracies.' Instead, we believe that the recent electoral successes of the
so-called populist movements highlighted the growing concern — at least for western voters — for im-
migration, the future of identities and assimilation. And our purpose in this article is then to understand
at least qualitatively some dynamic mechanisms implied by these legitimate concerns. In particular, we
showed the crucial roles of mobility and the level of democracy — local or global — on the common dy-
namics of immigration and identity. These aspects should therefore be considered in all public debate
about these subjects.

Appendix A: More results for the default case

In Figure[6] we show the births and deaths of populations of types 1 and 2 as well as the immigration
levels corresponding to simulation displayed in Figure[3|in the main text. In Figure[7] we display another
simulation with the same parameter values.
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(a) Population of type 1.
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(c) Immigration.

Figure 6: Demographic determinants for the base case simulation displayed in Figure Sub-figure
Deaths of type 1individuals (black), total births of type 1individuals (dark grey) and births of type 1in-
dividuals from parent of type 2 (light grey). Sub-figure[6b} Deaths of type 2 individuals (black), births of
type 2 individuals (dark grey). Sub-figure[6ct Accepted immigrations (grey area) and refused immigra-
tions (black area) per year.

Appendix B: Simplified cases taxonomy

Let us start by solving the case with « = 1, H > n/2 — i.e. the relevant neighborhood is the entire
country — and let us assume a continuous country with infinitely many individuals. We will also assume
that i > v. In this case, our model can be described by the following equations.

%ntot (t) =  Ngot (t)(V~]lbirth (t) - M) + e~]lmig (t)
4y = () (V22 i (£) = 1) + € Dimig (), ifnyor(t) >0, Q)
dt e, otherwise.

where 1o (t) = n1(t) + na(t), Lyiren(t) is the characteristic function equal to 1if ny(t) < n2, 0

otherwise, 1,,;,(t) is the characteristic function equal to 1if ns(t) < n%(t) and (na2(t) = new(t),

2

ngot(t) = 0or nriz,(l(?) < ti’tﬁ)’ 0 otherwise. Notice that in this case with the entire country as the
tot 3

relevant neighborhood, moves between locations are irrelevant. Also, if the initial state is such that

n? > nyot(t) > na(t) > 0, these inequalities are verified for the entire dynamics.

First, let us see what happens when n,0,(t) = no(t). In this case, n,0(t) = “Lny(t) and with this

constraint, we have one stable stationary point n.: (t) = na(t) = Hfu if ﬁ < n? If ﬁ > n?, the
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Figure 7: Evolution of population for a simulation with the base case parameters. Black: state 0, dark
grey: state 1, light grey: state 2.

derivative of n. (t) is strictly positive ns (t)(v — ) + e everywhere but in ng.:(t) = n? where it is
—,u.ntot(t).
In the equation for %ntot(t), we always have no () (V. Lpiren (t) — 1) < 0 when immigration is not

allowed and, if immigration is allowed, we have %ntot (t) has the sign of — N + Hfu.

nz(t)
Neot (t)
and ifimmigration is allowed, we have %nmt (t) has the sign of fracv.n3u.ns — e — Nyor.

In the equation for 4 ny (t), we always have na () (v — ) < 0 when immigration is not allowed

Combining the different cases, we obtain the different possible phase planes displayed in Figure|[8|cor-
responding to parameter values in Table[3] The case we consider in the main text is case E.

Case
Parameter
A B (of D E F H
v 0.85u 0.851 0.851 0.85 0.85u 0.85u 0.3u
e 0.0015 0.0015 0.0015 0.0025 0.0025 0.0025 0.005
t§ =12 0.1 0.3 0.8 0.1 0.3 0.8 0.8

Table 3: Alternative parameter values. Undisplayed parameters as in Tablelﬂ
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Parameters’ values (1) (2) (3) (4)
No move allowed, global voting

100.0% 28.5% 0.0% 71.5%

A (99.0% - 100.0%) (27.4% - 29.5%) (0.0% - 0.0%) (70.5% - 72.6%)
58.5% 41.3% 14.4% 44.3%

B (53.6% - 63.2%) (39.0% - 43.6%) (12.3% - 16.6%) (41.4% - 47.2%)
0.0% 28.6% 53.2% 18.2%

C (0.0% - 1.0%) (27.6% - 29.6%) (52.2% - 54.3%) (17.9% - 18.5%)
100.0% 5.5% 0.0% 94.5%

D (99.0% - 100.0%) (5.0% - 6.0%) (0.0% - 0.0%) (94.0% - 95.0%)
0.0% 5.3% 68.0% 26.7%

F (0.0% - 1.0%) (4.8% - 5.8%) (67.5% - 68.5%) (26.3% - 27.0%)
100.0% 48.4% 0.0% 51.6%

H (99.0% - 100.0%) (48.0% - 48.8%) (0.0% - 0.0%) (51.2% - 52.0%)

No move allowed, local voting

97.2% 31.1% 0.3% 68.6%

A (95.1% - 98.5%) (29.7% - 32.5%) (0.1% - 0.6%) (67.0% - 70.1%)
85.5% 36.7% 3.5% 59.8%

B (81.7% - 88.6%) (34.7% - 38.8%) (2.3% - 4.6%) (57.4% - 62.3%)
0.0% 27.4% 54.5% 18.0%

C (0.0% - 1.0%) (26.4% - 28.5%) (53.5% - 55.6%) (17.7% - 18.4%)
87.2% 15.4% 31% 81.5%

D (83.6% - 90.2%) (13.0% - 17.9%) (2.0% - 4.2%) (78.5% - 84.5%)
0.0% 5.5% 67.5% 27.1%

F (0.0% - 1.0%) (5.0% - 6.0%) (66.9% - 68.0%) (26.7% - 27.4%)
100.0% 48.5% 0.0% 51.5%

H (99.0% - 100.0%) (48.0% - 48.9%) (0.0% - 0.0%) (51.1% - 52.0%)

Moves allowed, global voting

100.0% 28.8% 0.0% 71.2%

A (99.0% - 100.0%) (27.7% - 29.9%) (0.0% - 0.0%) (70.1% - 72.3%)
68.0% 49.5% 2.8% 47.7%

B (63.3% - 72.4%) (46.6% — 52.4%) (2.3% - 3.4%) (44.5% - 50.9%)
0.0% 27.5% 59.2% 13.3%

C (0.0% - 1.0%) (26.4% - 28.5%) (58.2% - 60.2%) (13.1% - 13.5%)
100.0% 5.0% 0.0% 95.0%

D (99.0% - 100.0%) (4.6% - 5.4%) (0.0% - 0.0%) (94.6% - 95.4%)
0.0% 5.1% 72.9% 22.1%

F (0.0% - 1.0%) (4.6% - 5.5%) (72.4% - 73.3%) (21.8% - 22.3%)
100.0% 48.1% 0.0% 51.9%

H (99.0% - 100.0%) (47.6% - 48.5%) (0.0% - 0.0%) (51.5% - 52.4%)

Moves allowed, local voting

98.5% 275% 0.0% 72.5%

A (96.8% - 99.3%) (26.3% - 28.7%) (-0.0% - 0.1%) (71.3% - 73.7%)
3.2% 36.1% 24.2% 39.6%

B (1.9% - 5.5%) (34.3% - 37.9%) (23.3% - 25.2%) (38.4% - 40.9%)
0.0% 27.6% 59.1% 13.3%

C (0.0% - 1.0%) (26.5% - 28.6%) (58.1% - 60.1%) (13.1% - 13.5%)
99.0% 5.4% 0.0% 94.5%

D (97.5% - 99.6%) (4.9% - 6.0%) (-0.0% - 0.1%) (94.0% - 95.1%)
0.0% 5.0% 73.2% 21.8%

F (0.0% - 1.0%) (4.6% - 5.4%) (72.8% - 73.6%) (21.5% - 22.1%)
100.0% 48.4% 0.0% 51.6%

H (99.0% - 100.0%) (48.0% - 48.8%) (0.0% - 0.0%) (51.2% - 52.0%)

Table 4: Results for the parameter values given in Tableand for 400 simulations for each case. Column
(1): Probability of natives disappearance at time 10,000. Column (2): Proportion of type 0 locations at
time 10,000. Column (3): Proportion of type 1 locations at time 10,000. Column (4): Proportion of type
2 locations at time 10,000. All results given with 95% confidence interval.
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Appendix C: Robustness analysis

In Table 5} we show the alternative parameter values we use for robustness analysis. In Table 6] we
display the corresponding outcomes. Notice that in the case in which individuals are not allowed to
move, cases Ec and Ed are formally identical to the base case E.

Case
Parameter
Ea Eb Ec Ed Ee
« 0.5 2 1 1 1
t% 0.3 0.3 0.1 0.5 0.3
H 1 1 1 1 3

Table 5: Alternative parameter values. Undisplayed parameters as in Table

Notes

"Notice that an alternative view, the contact theory sees interactions with immigrants typically re-
ducing prejudice, see|Allport| (1954); Pettigrew & Tropp|(2006); Fussell[(2014); Paluck et al.| (2019).

2Here, in order to be operational, we do not deal with the multiple aspects (Koopmans|2013) or the
normative aspects (Kymlicka|1995) of the debate between assimilation vs. multiculturalism.

3We can have an interpretation in terms of any relevant geographical unit, city, region, jurisdiction...

“Notice that since we consider the 0-neighborhood, we have L included in this neighborhood and
hence ny > 1.

mi

5 H a.ng _ an1+n2
Notice that =71 — = po—c +< - )
mtnz T

SWithout loss of generality, this time is considered the same as biological birth.
"In the following, we will assume that ¢ + t3 = 1.

8Notice that without migration, the population of natives would decrease exponentially with a half-
life of %(2) ~ 393 years. As a consequence, notice that the descendants of the original population will
eventually disappear and the native identity can only be kept alive through assimilation.

9The corresponding demographic determinants are displayed in Figure@]in Appendix.

9The dates given here are valid for this simulation. Dates may vary but the global dynamics is often
qualitatively unchanged as we will explain later.

"In Figurein Appendix, we show another instance with the population remaining at the same level
for more than 10,000 years.

12And we will not defend the rational expectation model stating that both interpretations are neces-
sarily the same.
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Parameters’ values \ (1 2) (3) (4)
No move allowed, global voting

8.0% 13.0% 58.0% 29.0%

E (5.7% - 11.1%) (11.4% - 14.6%) (55.9% - 60.0%) (27.1% - 30.8%)
98.5% 6.9% 0.3% 92.8%

Ea (96.8% - 99.3%) (5.7% - 8.0%) (-0.1% - 0.7%) (91.6% - 94.1%)
0.0% 5.9% 71.9% 22.2%

E b (0.0% - 1.0%) (5.4% - 6.5%) (71.4% - 72.4%) (22.0% - 22.4%)
0.0% 5.7% 72.0% 22.3%

Ee (0.0% - 1.0%) (5.2% - 6.2%) (71.5% - 72.5%) (22.1% - 22.5%)

No move allowed, local voting

14.2% 14.0% 52.9% 33.2%

E (11.2% - 18.0%) (12.0% - 15.9%) (50.3% - 55.4%) (30.8% - 35.6%)
98.2% 7.5% 0.0% 92.4%

Ea (96.4% - 99.1%) (6.2% - 8.9%) (0.0% - 0.1%) (91.1% - 93.8%)
0.0% 5.4% 72.7% 21.9%

E b (0.0% - 1.0%) (4.9% - 5.8%) (72.2% - 73.2%) (21.7% - 22.2%)
0.0% 5.4% 72.7% 22.0%

Ee (0.0% - 1.0%) (4.9% - 5.8%) (72.2% - 73.2%) (21.7% - 22.2%)

Moves allowed, global voting

66.2% 34.3% 2.6% 63.1%

E (61.5% - 70.7%) (30.5% - 38.2%) (2.1% - 3.1%) (58.9% - 67.3%)
98.2% 7.0% 0.0% 93.0%

Ea (96.4% - 99.1%) (5.7% - 8.3%) (0.0% - 0.1%) (91.6% - 94.3%)
9.2% 63.4% 19.9% 16.7%

E b (6.8% - 12.5%) (61.1% - 65.6%) (18.7% - 21.1%) (14.4% - 19.0%)
96.5% 9.1% 0.2% 90.7%

EC (94.2% - 97.9%) (7.4% - 10.9%) (0.1% - 0.3%) (88.9% - 92.5%)
14.2% 58.1% 20.4% 21.5%

Ed (11.2% - 18.0%) (55.4% - 60.8%) (18.9% - 22.0%) (18.7% - 24.2%)
3.0% 68.3% 22.0% 9.7%

Ee (1.7% - 5.2%) (67.0% - 69.5%) (21.1% - 22.9%) (9.3% -10.1%)

Moves allowed, local voting

1.2% 11.0% 21.6% 67.4%

E (0.5% - 2.9%) (9.5% - 12.5%) (20.9% - 22.3%) (66.1% - 68.7%)
75.8% 21.6% 2.0% 76.4%

Ea (71.3% - 79.7%) (18.5% - 24.6%) (1.6% - 2.4%) (73.2% - 79.7%)
0.0% 5.1% 34.5% 60.4%

E b (0.0% - 1.0%) (4.7% - 5.6%) (33.8% - 35.2%) (59.7% - 61.0%)
30.2% 24.9% 8.0% 67.1%

EC (26.0% - 34.9%) (22.2% - 27.6%) (7.3% - 8.7%) (64.4% - 69.8%)
0.0% 6.0% 51.5% 42.5%

Ed (0.0% - 1.0%) (5.4% - 6.6%) (50.9% - 52.1%) (42.0% - 43.0%)
0.0% 7.3% 34.8% 57.9%

Ee (0.0% - 1.0%) (6.6% - 8.1%) (34.1% - 35.4%) (57.3% - 58.5%)

Table 6: Results for the parameter values given in Tableand for 400 simulations for each case. Column
(1): Probability of natives disappearance at time 10,000. Column (2): Proportion of type 0 locations at
time 10,000. Column (3): Proportion of type 1 locations at time 10,000. Column (4): Proportion of type
2 locations at time 10,000. All results given with 95% confidence interval.
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