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Abstract

Background: Anticipating changes in international migration patterns is useful for de-
mographic studies and for designing policies that support the well-being of those involved.
Existing forecasting methods do not account for a number of stylized facts that emerge from
large-scale migration observations and theories: existing migrant communities — diasporas —
act to lower migration costs and thereby provide a mechanism of self-amplification; return
migration and transit migration are important components of global migration flows; and
poverty constrains emigration.

Objective: Here we present hindcasts and future projections of international migration that
explicitly account for these non-linear features.

Method: We develop a dynamic model that simulates migration flows by origin, destination,
and place of birth. We calibrate the model using recently constructed global datasets of
bilateral migration.

Results: We show that the model reproduces past patterns and trends well based only on
initial migrant stocks and changes in national incomes. We then project migration flows under

future scenarios of global socio-economic development.



Conclusions: Different assumptions about income levels and between-country inequality lead
to markedly different migration trajectories, with migration flows either converging towards
net zero if incomes in presently poor countries catch up with the rest of the world; or remaining
high or even rising throughout the 21st century if economic development is slower and more
unequal. Importantly, diasporas induce significant inertia and sizeable return migration flows.
Contribution: Our simulation model provides a versatile tool for assessing the impacts
of different socio-economic futures on international migration, accounting for important

non-linearities in migration drivers and flows.
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In particular, natural population change, average incomes in origin and destination countries,

and the size of migrant communities in the destination (diasporas), have been identified as major

determinants of long-term levels and trends in global migration flows (Massey et al., |1993; Hatton|

land Williamson, [2005; Beine, 2016)). Natural population change affects the size and composition

of a population, and thereby affects the number of potential migrants in an origin country, or
the demand for labor migrants in a destination country. Incomes in the destination represent the
economic gains a migrant may expect from migration. Changing income levels in the origin are
thought to have multiple effects. One, put simply, is that people with less income are more inclined

to engage in labor migration in order to improve their livelihoods, or those of their families. Another
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is that very low incomes may prevent people from migrating internationally even if they would like
to, for a lack of resources to cover the costs of migration. These two counteracting effects imply
a non-linear, inverse U-shaped relation between emigration and incomes (or development more

generally),/sometimes called|“migration hump”,/where the highest emigration rates are observed

from middle-income countries (Hatton and Williamson, 2005; [de Haas, 2010, [2007; Clemens, [2014;

[Williamson|, [2015), seelalso Appendix, Fig. Al). Finally, migrant communities play an important role

by providing information and support to new arrivals (Beine et al., 2011; |Beine, 2016; |[Migali et al.|
2018). The diaspora size can thus provide a positive feedback on migration flows: Immigration
during one period increases the bilateral migrant stock, which in turn eases, or even stimulates (e.g.
through family reunification), further immigration during the next period. The balance between
the rate of immigration and the rate of assimilation of migrants into the host society determines

the strength of this feedback (Collier, 2013).

Few existing projections make use of these empirically established roles of major migration
drivers (an exception being (Docquier, [2018))). None, to our knowledge, account for the feedback
induced by diasporas, or for poverty constraints and the “migration hump” induced by the complex
effects of origin incomes. Neither do existing projections consider transit and return migration
flows. These flows can be large (Azose and Raftery| 2019), in which case net migration is a poor
indicator of actual bilateral flows, and a model neglecting return flows is prone to overestimating

migrant stocks.

In this paper, we present a dynamic model of global bilateral migration that accounts for these
mechanisms. By simulating flows separately for each combination of origin, destination, and place
of birth, individual migrant communities are explicitly represented and changes in their size feed

back on flows. The concept of the diaspora effect is expanded to also account for transit migration
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flows. Emigration from poor countries is constrained in accordance with observed emigration rates.
Return migration is modeled explicitly as a function of migrant stocks. We calibrate the model
on a global dataset of bilateral flows; demonstrate its performance for past levels and trends in

migration; and project future migration flows under five different Shared Socio-economic Pathways.

II. METHODS

i. Model

We model the number of migrants of place of birth £ moving from country i to country j (i # j,j # k)

in a given period as:

Mk,i—ﬂ =a- F(Gz) : g;‘lg pz’p‘ d%'d Pk,i (]‘)

J

where Py ; is the number of people born in k and residing in ¢ at the start of the period, and
d;; = d;; is the geographical distance between ¢ and j. py; = P ;/ P is the share of P ; in the total
population born in k, Py. G; is gross domestic product (GDP) per capita in ¢, and ¢; = G;/Ggiop is
the same expressed relative to the global average, G 0. a is a constant scaling factor.

The model thus assumes that the migration count is proportional to the number of people
available to migrate; and the migration rate, my;; = My;;/Px;, depends (potentially non-
linearly) on the distance as well as on relative measures of the diaspora and average income at the
destination. The diaspora term py ; implies (if o, > 0) that emigration from ¢ increases with the
share of the country’s native population already living abroad; and that those countries that host
a higher share of the total diaspora will be more popular destinations. Similar relationships are

implied in existing empirical models, although absolute measures of diaspora size and income are



often used (Beine, 2016). Importantly, in equation , the size of a given diaspora community Py
only affects flows of migrants of the same place of birth k; there is a separate migration “channel”
for each origin-destination-place of birth set.

The observed, complex dependence of migration on origin incomes is modeled through the
superposition of two terms: A hyperbolic term with larger values at low incomes, describing the
effect of origin income on the intent to migrate; and a sigmoidal term with larger values at high
incomes, describing the effect on resources available to finance migration:

1 1

F(Gl) = Fintent(Gi) ’ Fresource(Gi) = 1 Gi ’ 14+ e—W(Gi_é) (2)
G

These two terms result in a hump-shaped dependence of emigration rates on origin GDP per
capita in terms of the parameters G and G (Fig. , inset).

For k = i, equation [l| represents emigration of people from their country of birth (CoB).
Accounting for return migration and transit migration, too, is important not only for internal
consistency of the model, but also because these flows can be large, e.g. for migrants born in Mexico
returning from the USA (Azose and Raftery|, 2019), and because they affect diaspora size and thus,
in turn, future emigration from the CoB. We hypothesize that transit migration (i # k # j) can be
described by the same model as emigration from the CoB. A migrant of place of birth k residing in
country ¢ may choose to move to a third country j motivated by low attainable incomes in 7, a
high expected income in j, and/or the presence of a sizeable diaspora in j; and may be constrained
by insufficient income in ¢ to finance migration. We note though that this ignores the fact that
migrants often tend to have lower incomes than the native population, and thus may be more
inclined to migrate and/or more resource-constrained.

While emigration from CoB and transit migration are thus described by equation [I}, we assume



that return migration simply depends on diaspora size and distance:

Mj;y; =b-d} Py, (3)

A dynamic simulation of migration over time requires that population stocks are simultaneously
updated. Apart from migration, population stocks are subject to natural change due to births
and deaths, which we account for through country-specific fertility and mortality rates, r} and r;r ,

respectively. Thus, a given population P ; evolves as:

Pya(t) - (1 — r,t) , k#1i
P.i(t+1) = (4)

Pzz(t) : (1 +ri— TI) + 21 Plz(t) g, k=1

where Pk,i(t) = Pri(t) — X1 Mrisr + X1z My is the population size at the end of the

previous period plus net migration during the current period. That is, children born to immigrants

are added to the native population, i line with the definition of migrants by country of birth

_Fhe natural population change rates are expressed per model time step.
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ii. Parameter estimation

Data

We use UN Department of Economic and Social Affairs data on historical bilateral migrant stocks
(United Nations Department of Economic and Social Affairs Population Division), 2019a) and
national total population (United Nations Department of Economic and Social Affairs Population
Division) 2019b). Historical country-level GDP comes from the Penn World Tables (PWT) release
8.1 (Feenstra et al., 2015)), which are reported in terms of 2005 purchasing power parity (PPP), and
are thus consistent with the SSP data that we will use for future projections. Some missing country
data are taken from PWT 9.0 after rescaling from 2011 to 2005 PPP (Geiger|, 2018)). Geographical
distance between countries is taken from CEPII (Mayer and Zignago, 2011). Migration flow data
come from a global matrix of bilateral international migrant flows (Abel and Cohen, [2019)), derived
from UN migrant stock data (United Nations| 2017) using a pseudo-Bayesian method (Azose and
Raftery, 2019), which allows simultaneous nonzero flows in both directions of a given migration
channel, thereby accounting for return migration flows. We refer to this flow dataset as A19
hereafter. It contains 5-year flows for five periods between 1990 and 2015. Such flow estimates
do not represent direct observations, but are the only globally consistent data source available.
Comparison with flow data reported by a number of industrialized countries (United Nations
Department of Economic and Social Affairs Population Division|, 2015)) shows that inconsistencies
in those data — e.g. between reports by the sending and receiving country for a single flow —
sometimes are of similar size as the differences between the reported flows and A19. While there
have been attempts to harmonize the reported flow data e.g. by using multivariate models and

expert knowledge, these synthetic datasets are only available for flows to and from relatively small
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The UN migrant stock data generally include refugees, either because countries include refugees
in their population censuses or because refugee populations have been added to the total migrant

stocks for countries that are deemed to not report refugee populations as part of their migrant

statistics (United Nations, 2017)). Therefore, the A19 flow data also generally include flows of

refugees. In contrast, our equation [2, which describes emigration as a function of origin GDP, is
not thought to be a good representation of refugee flows. For estimating the parameters of eq.
we therefore make an attempt to remove refugee flows from the A19 total flows in cases where

separate data on bilateral refugee stocks are available from the UN High Commissioner for Refugees

(UNHCR) (UNHCRI 2020). (Since UNHCR xeports bilateral refugee stocks by country of origin
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Equation [2] is also not assumed to hold for (non-refugee) return migration, which is instead
described by equation [3] For the estimation of equation [2, we therefore exclude, from the A19

dataset, flows where the origin country is more than twice as rich as the destination country

(Gorigin > 2 - Gaestination); assuming that such flows represent

Fitting procedure

—We proceed in two steps. Using Nonlinear Least Squares, we

first estimate the parameters of equation [2, the hump-shaped relationship between emigration and
origin GDP per capita, from gross emigration rates. To this end, after removing refugee and return
flows as described above, we aggregate the flow data over all destination countries, to obtain total
gross emigration flows by origin country and period.

We fit equation 2] to the resulting total emigration flows:

1 1
1+ % 1+ e_’Y(Gi—a)

(7)

Z Milﬁfg ~ a. - F(G;) = ae
I#i

In a second step, we fit eq. [[] and [3] to the full dataset of bilateral flows from A19, i.e. without
removing any refugee or return flows. To simplify computation, we make the approximating

assumption that the observed flow MHj is composed only of emigration and return migration.
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This neglects transit flows, which constitute 9% of global flows (Azose and Rafteryl 2019)), but is
still more detailed than previous empirical studies that typically model exclusively emigration flows

from sending countries (Beine|, 2016; Wesselbaum and Aburn) 2019).

A

M ;= My + My~ a- F(Gy) - g;° pys dif Pii+b- dféd Pji, (8)

where we use the parameter values estimated in the first step for F/(G;).

Robustness test. To obtain alternative estimates for the parameters of eq. [I] and [3] we derive a
second bilateral flow dataset, using a simple stock-differencing approach, rather than the pseudo-
Bayesian demographic accounting approach (Abel and Cohenl 2019). Taking migrant stock data
from the latest release of the UN database (United Nations Department of Economic and Social
Affairs Population Division), 2019a)), we employ the method described as “stock differencing, reverse
negative” in ref. (Abel and Cohenl [2019), but additionally account for natural changes due to
deaths (births do not count towards foreign migrant stocks since newborns have the host country’s
place of birth): AP, ;(t) = P,;(t+1) — P,;(t) - (1 —r]), where 7] is the mortality rate expressed
per 5-year time period. Again neglecting transit flows, we assume that increases in bilateral stocks

are due to immigration and decreases in stocks are due to return migration, and fit the following

equation to the derived bilateral flows.

@ F(Go) 6" 7 A5 Py ifAP >0
AP, = (©)

~b-d} Py, ifAP;; < 0.

We note that the stock-differencing approach is prone to underestimating real bilateral flows,

since observed changes in stocks may be caused by a combination of immigration and return



migration flows, rather than only one or the other. Moreover, the bilateral flow matrix estimated
with this approach is incomplete, because many bilateral stocks are not reported individually in the
UN data but aggregated into “Other North” and “Other South” categories. Thus, the estimation

from this second flow dataset serves as a robustness test only.

Choice of estimator.

iii. Simulations

Our dynamic
simulation model covers 17§ countries or territories; 43 mostly small countries or territories are

excluded, mainly because of missing GDP data either for the past or for the SSPs (see Appendix).
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Natural population change

To account for natural population change, we apply estimated historical natural population fertility

and mortality rates from the United Nations (UN) World Population Prospects 2019 (WPP19,

[United Nations Department of Economic and Social Affairs Population Division) 2019b) to our

simulations starting in 1990; and projected natural population fertility and mortality rates from
the WPP19’s zero-migration projection variant to our simulations starting in 2015. Diasporas are

assumed to have the same fertility and mortality rates as their country of birth. _
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III. RESULTS

i. Estimation results

Estimation results are shown in Table[I] Estimated against the A19 bilateral flow dataset, the
model achieves an R? of 0.73; notably, without accounting for any unobserved idiosyncracies of
individual migration channels, which are commonly discounted in empirical models through fixed
effects. The estimated parameter values are largely consistent with our expectations. Bilateral
migration substantially increases with diaspora size and destination GDP. The parameters related to
origin GDP are such that expected emigration rates are highest around roughly 5000 US Dollars of

GDP per capita (Fig. [1]), as found previously using a non—parametric regression approach (Clemens

2014). Indeed, the fit of our idealized function F(G;) is very similar a non-parametric fit to the
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Estimated against our alternative flow dataset derived through simple stock differencing (Table
right-hand-side column), the R? is lower, which may be due to (i) the much smaller sample
size owing to many bilateral stocks not being reported individually; (ii) this alternative dataset
not representing actual flows as well as the A19 dataset, which has been derived using a more
sophisticated demographic accounting method using a pseudo-Bayesian estimator. Nonetheless, we
obtain a very similar estimate for the diaspora effect. Destination GDP has a larger effect than in
the main estimation, and return flows depend more strongly on distance. This may be because the
incomplete sample of bilateral stocks that the alternative flow dataset is based on is biased towards

middle- and high-income destination countries (Appendix, Fig. A6).
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ii. Past migration trends

We initialize the model with year-1990 bilateral migrant stocks (United Nations Department of

|[Economic and Social Affairs Population Division) 2019a)), and run it until 2015 using historical GDP

(Feenstra et al., 2015) and fertility and mortality rates (United Nations Department of Economic|

land Social Affairs Population Division) 2019b) as inputs. After 25 years, simulated and reported

total migrant stocks are still highly correlated (Fig. [2).

Globally, the model simulates an increase in migration, at a similar rate as observed in the

A19 data (Fig. |3 black and green lines).

A counterfactual simulation, with
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Table 1: Parameter values estimated from the A19 bilateral flow data,
with (main) and without using the distance variable (no dis-
tance); and estimated from the alternative dataset derived
through simple stock differencing (stock diff.). Values used
for the dynamic simulations are shown in bold.

Variable

estimate estimate
(main) (no distance)

estimate

(stock diff.)

Emigration from CoB and transit migration

Intercept a 0.153+0.009 0.27040.004 0.2610.04
Diaspora a, 0.956+0.003 0.946+0.003 0.952+0.008
Dest. GDP «, 0.226+£0.008 0.25240.007 0.704+0.04
Distance ag  0.07940.008 0 -0.09540.009
Orig. GDP  ~ -0.0015+0.0009
G k$ 22.6+17.2
G k$1.240.4
Return migration
Intercept b 0.20+0.02 0.127+0.001 151451
Distance Bq  -0.0640.01 0 -1.02+0.05
N 166530 166530 40462 (emigr.)
8361 (return)
R? 0.73 0.73  0.46 (emigr.)
0.35 (return)

Error margins refer to the 99% confidence interval. Origin GDP param-
eters are separately estimated from gross emigration flows, as described
in the main text; GDP values are real GDP per capita in thousand US

dollars at 2005 PPP.



GDP held fixed at 1990 levels (black dotted lines in Fig. , indicates that the increase in global
migration would have been virtually the same even if it had not been for changes in GDP. This is
not a trivial finding given the complex effects of origin and destination country GDP on migration;
it suggests that while the recent reduction in global economic inequality — the between-country
Gini coefficient dropped from 0.75 to 0.65, approximately, between 1990 and 2010 (Dellink et al.
2017) — may have acted to reduce migration, this has been balanced by the increasing effect on

emigration of rising incomes in developing countries.

We next consider net migration at regional and country levels. Net migration levels are
approximately matched for most world regions (Fig. ; also shown in the Appendix, Fig. A9,in
percentage terms relative to the region’s total population) and large immigration and emigration
countries (Figures [fH6] Appendix Figures A10-A11). We point out again that our model is kept
deliberately simple and does not account for any country-specific or bilateral factors other than

GDP and bilateral migrant stocks.

The simulation also captures some of the long-term trends in net migration between 1990
and 2015: Rising net emigration in Africa as well as in East, South-East, and South Asia; and
rising net immigration in West Asia, Europe, and Oceania. The counterfactual simulation with
GDP held fixed at 1990 levels shows monotonic increases in the magnitude of net migration in
almost all regions and countries (even in percentage terms relative to the total population size,
Appendix Figures A9-A11), illustrating the positive feedback induced by diasporas. Compared
to this counterfactual baseline, changes in GDP since 1990 have resulted, especially after 2000, in
lower net immigration in Oceania, and lower net emigration from East Asia and Latin America,
according to the model; while they resulted in larger net immigration to West Asia and Europe,

and larger net emigration from South Asia and South-East Asia.
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The model does not reproduce many of the short-term variations in net migration. This is
expected given that the model accounts neither for refugee movements, nor for other sources
of short-term variations in migration flows, such as immigration policies or geopolitical changes.
For instance, following the collapse of the Soviet Union, large flows are observed between former
constituent countries and other countries such as Germany and Israel in the years after 1990, but
are not captured by the model. The data also show the massive emigration from Syria to Turkey
and other countries since 2011. Finally, estimated net flows from many large Asian emigration
countries, to destination countries such as the UK, Australia and the Gulf States, spike in the

period 2005-2010, before declining again. The simulations do not capture these short—term spikes.

Besides the aggregate measure of net migration, many of the largest individual bilateral flows
are also reproduced well (Fig. . When the simulations are broken down into emigration from CoB,
return, and transit flows, they highlight the important role of return and transit migration. While
emigration from CoB is the largest component of total migration for most of the large flows, return
migration is an important secondary component in many of them (such as flows between Russia
and Ukraine, or between India and Pakistan), and is the largest component in some of them (e.g.
USA to Mexico, Hong Kong to mainland China, India to Bangladesh). Noticeable transit flows
are simulated between Russia and Ukraine, as well as from India to Saudi-Arabia. High shares
of transit migration in total gross migration are simulated in some countries in the Middle East,
the Balkans, the Baltics, the Carribean and Central America, among others (Fig. |8 and Appendix,

Fig. A12).



iii. Future migration trends

We now initialize the model with year-2015 stocks

We run the model until 2100 using projected GDP changes under the five Shared Socio-economic

Pathways (Dellink et al., 2017)) and projected natural population change from the UN World

Population Prospects 2019 (United Nations Department of Economic and Social Affairs Population|

Division, [2019b)) zero-migration variant. Again, an additional simulation with constant year-2015

GDP serves for comparison. This constant-GDP simulation shows continuously rising net migration
throughout the 21st century in all world regions and most large countries (Figures . The
SSP simulations diverge from this. At the level of world regions (Fig. , all SSPs lead to lower
(absolute) net migration flows than the constant-GDP simulation. The projections differ markedly
between the different SSPs: Under SSP1, SSP5 and, somewhat more slowly, SSP2, net migration
flows approach zero by the end of the century in all world regions and many countries. On the
other hand, under SSPs 3 and 4, net migration flows keep rising throughout the century in Africa,
Europe, and Oceania. In South-East Asia, West Asia and, less pronounced, Latin America, SSP3

leads to a peak around 2060, followed by a decline in net migration flows; the peak is somewhat
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later in North America and South Asia. In East Asia, SSP3 and SSP4 lead to substantial net
immigration by the end of the century. This is because of declining net emigration from China and
relatively high net immigration to Japan and South Korea. Only the Former Soviet Union region

exhibits declining net migration under all SSPs.

These patterns are mirrored at the country level (Figures . Interesting cases include the
South Asian countries Bangladesh and Myanmar, where all the SSPs imply substantially higher net
emigration during the coming decades than when assuming constant GDP. The low GDP per capita
in these countries today means that a rise in GDP per capita initially leads to strong increases in
emigration, according to eq. [2; implying that poverty today is a major constraint on emigration
from these countries. Over the course of the century, under SSPs 1, 2, and 5, net migration in
these countries however peaks and declines again, tracing the “migration hump” described in earlier
theoretical and empirical literature (Clemens, 2014; |European Commission Joint Research Centre
and JRC| |2018). On the other hand, the much slower economic development in this region in SSP4
and, particularly, SSP3 means that a peak is reached only very late, or not at all within the 21st
century. Net immigration to Malaysia and South Africa show a similar pattern, reflecting inflows

from presently poor South Asian and Sub-Saharan African countries, respectively.

Interestingly, as simulated net migration flows approach zero under some of the SSPs, they
change their sign; countries that start with net immigration are projected to transition to net
emigration, and vice versa. This is because, for a given pair of countries, return migration flows
lag emigration flows from the CoB, and become larger than the latter when emigration flows have

peaked but migrant stocks are still large (Appendix, Figures A13 and A14).

While uncertainty related to the model parameters did not show up strongly in our historical

simulations, it has a more substantial effect on the future simulations (Fig. shading). Especially
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under SSP3, for individual regions and countries, the spread between simulations assuming different
parameter values can be of the same order as the simulated migration count itself; e.g. for Mexico
or China. Nonetheless, scenario-related uncertainty, as encapsulated in the spread between the

different SSPs, still dominates the total spread of our projections throughout the 21st century.

IV. DiscussiON AND CONCLUSIONS

SSP 3 represents a world characterized by low levels of GDP per capita and high between—country
inequality (Dellink et al.| 2017)). Conversely, SSPs 1 and 5 represent high average incomes, stronger
economic convergence and reduced inequality between countries. While global average GDP per
capita is similar between SSP 2 and SSP 4 throughout much of the century, it is much more
unequally distributed between countries in SSP 4. Our projections highlight the importance of both
income levels and between-country income inequality for international migration. The economically
stagnant and divided world of SSP3 implies large and sustained, or even rising, net migration
flows from the Global South to the Global North and the Gulf States. Conversely, in the rich and
relatively equal worlds of SSP 1 and 5, poor countries are lifted out of poverty constraints, leading
to rising migration flows for a few decades; but by 2040, net migration flows are in decline the
world over, and by the end of the century, flows are much smaller than today. The divergence
between SSP 2 and SSP 4 is strong in many regions, especially in Africa, showing the effects not
only of average income levels but also of between-country inequality.

In a given region, our model produces, for the set of five SSPs, a wide range of migration
outcomes. However, the range is still narrower than in another set of SSP migration scenarios
based on linear scaling with countries’ shares in global GDP (Abel, 2018)). For instance, net

migration in Africa does not turn substantially positive even under SSPs 1 and 5 in our simulations.
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This highlights the relevance of accounting for the major non-linear driving forces of migration,
particularly the reinforcing effect of diasporas, in projecting future migration flows.

Our model also accounts for two counteracting effects of rising origin-country incomes. Conse-
quently, we see initially poor countries tracing the “migration hump” as incomes gradually riseﬂ.
Under the more optimistic economic scenarios of SSPs 1 and 5, most countries converge towards
near zero net migration by the end of the century or earlier. Net zero migration in our model
emerges from an equilibrium between emigration from CoB, transit migration, return migration,
and natural population change. It thus does not imply a static world where no-one moves, but a
world in which emigration flows are generally small enough to be balanced by return migration and
natural population growth.

It must be noted again that we consider here the major underlying forces of migration in the
long run. Shocks, such as through conflicts or disasters that cause refugee movements, or through
political or economic crises or other events, are not accounted for in the migration model;.
are the effects of immigration policies and changes therein (Ortega and Per, 2013; [Helbling and|
-t the same time, the economic scenarios for the SSPs may be on the optimistic

side, because the economic models, too, neglect the possibility of short-term shocks in the future

that might affect growth rates (Dellink et al.| 2017). Overall, this means that migration flows in

our simulations may be at the lower end of what might actually materialize if the world followed
any of the SSP storylines. The simulations should nonetheless be useful for evaluating the potential

effects of different trajectories in long-run socio-economic development.

Our study goes beyond previous projection exercises by explicitly accounting for the non-
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monotonic effects of origin-country incomes, diasporas, and the roles of transit and return migration;
all of which have a substantial bearing either on the projected flows themselves or on the granularity
at which they can be investigated. To achieve this, we have considered separate migration “channels”
for each place of birth. Nonetheless, we neglect many other heterogeneities that influence migration.
For instance, migration rates have been shown to differ by educational attainment, age, and sex,
to varying degrees. Changes in educational attainment have been considered only implicitly here,
through their effects on natural population growth and on economic development. Thus, a natural

extension of our model would be to account separately for low-skilled and high-skilled migration

(Docquier;, 2018)).

Another possible extension is to account more explicitly for the rate of assimilation of migrants
into the host society. We have assumed that first-generation immigrants are part of the diaspora for
the rest of their lives, while their children are never part of the diaspora. In reality, first-generation
immigrants may, over time, lose connections with their country of birth and thus, become irrelevant
for the diaspora effect; and conversely, children of immigrants may have a substantial attachment
to the birthplace of their parents, and may thus be able to assist or attract new immigrants.
However, the rates of change in diaspora size that result from our simple assumptions are in a
similar range as those resulting from empirical studies of migrant acculturation, which suggest that
second-generation migrants have adapted, on average, about half way towards the host society’s

cultural values (Mesoudi, |2018)).

Finally, our assumptions about natural fertility and mortality rates of migrant populations are
similarly simplistic, but our results are robust against alternative choices (Appendix, Figures A5 and
A15). Overall, while uncertainties in both model parameters and assumptions are partly substantial,

they still allow us to clearly separate the different SSPs and to draw robust conclusions about the
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qualitative behaviour and approximate magnitude of future migration patterns, conditional on the
GDP and natural population change scenarios and on our simplified global model design. Beyond
the direct relevance of our projections for informing discussions of future global migration and its
impacts, they lend themselves to inclusion into population models (KC and Lutz, 2014} Jones and
O’Neill, [2016), where a more process-based treatment of migration could increase the realism of

overall population projections.
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Figure 1: Gross emigration rates versus origin GDP per capita. Fach dot is a country and 5-year period;
the first period is labeled with the country’s ISO code. Green line is a fit of equation|d to the
data (parameters given in Table . The inset illustrates the two components of equation and

their superposition, on an arbitrary scale.
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Figure 2: Simulated versus observed migrant stocks per residence country, with Pearson correlation
coefficient. Dashed line shows identity.
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Global gross migration counts. Green dashed line represents A19 data; green solid line is the
same but excluding refugee flows. Other lines show two sets of model simulations: One where
the model is initialized in 1990 and GDP is either held constant at 1990 levels (black dotted
line) or varied according to historical records (black solid line); and another one where the
model is initialized in 2015 and GDP is either held constant at 2015 levels (black dotted line)
or varied according to the SSPs (Dellink et al., |2017) (colored solid lines). Shading around the
simulations with varying GDP represents the 66% confidence interval of the most uncertain
model parameter, G. Horizontal azis indicates the middle year of each 5-year period.
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Figure 4: As Fig. @ but for net migration counts in ten world regions. Positive net migration means more
immigration than emigration.
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Figure 5: Net migration counts in OECD countries. As Fig. |Z| but for individual OECD countries.
Countries are sorted in descending order by their average historical met migration count,

excluding refugees. Results for net migration rates are shown in the Appendiz, also including
additional countries (Figures A5-A6 and A11-16).
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Figure 6: Net migration counts in non-OECD countries. As Fig. E but for individual non-OECD
countries.



—— Observed EEm Emigration I Return Transit

- USA USA - BGD -1
1_

= _
IND - U IND - AR 1; PAK = AFG
0- 0-

N
v
I
]
1

W

5a

[mih‘ions]

o

e
=

o

]

1

0_

—_— | PAK MM
2

0.5+ _
%Lﬁ 05 /B”"\
S

00 - 00 T f
_— IRN - AFG
wn
S| 0.51 0.5 11
El.n
El

0.0- 0.0- 0-

2000 2010 2000 2010 2000 2010

Year Year Year

Figure 7: Bilateral migration flows. Directed bilateral links are sorted in descending order by their
average observed flow. Black lines show observed flows, and colors show simulations for the
three different migration types (emigration from CoB, return, transit), stacked on top of each
other such that the upper end of the colored area is the simulated total flow.
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Figure 8: Countries and territories with large shares of simulated transit migration inflows. “Immigration”
denotes inflows of migrants from their respective countries of birth. Black lines show observed
total inflows. VCT: Saint Vincent and the Grenadines; BIH: Bosnia and Herzegovina.
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