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Abstract

This study introduces a comprehensive econometric framework based on gravity
equations and designed to forecast migrant flows between countries. The model’s
theoretical underpinnings are validated through empirical data, and we show that
the model has better out-of-sample predictive ability than alternative global mod-
els. We explore the quantitative effects of various socioeconomic, demographic, and
geographic factors on migration and illustrate its use to obtain scenario-driven pro-
jections of bilateral migration, assessing the potential contributions of migration to
population and GDP dynamics in Germany and Portugal for the period 2021-2025.
Our projection results highlight the critical role of immigration in sustaining popula-
tion levels and economic growth, particularly in the context of ageing populations
and decreasing fertility rates across Europe.
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Introduction

The world is undergoing unprecedented changes in its age structure, fertility and
mortality (Mason, 2022). On the one hand, certain countries around the world,
from Japan and South Korea to Italy and a lot of Eastern Europe, are experi-
encing population decline (Bricker & Ibbitson, 2019). According to Vollset et al.
(2020, p. 1285), 23 countries including Spain, Japan and Thailand are forecast
to undergo population declines larger than 50% between 2017 and 2100. Among
richer countries, the issue is not simply one of declining populations, but also
of ageing. Currently, the working-age population accounts for more than 65% of
the world population, outnumbering the older age group (65 +) by almost seven
times (UNDESA, 2019). However, the ratio of the working-age population to the
older population is expected to fall to 5.5 by the year 2030, altering fundamental
aspects of society such as labour force participation (Baker et al., 2005). Moreo-
ver, a declining and ageing population increases the burden on the capacity of
public services (Lubitz, 2003), finances (Bloom, 2015), as well as social and fam-
ily support networks (Prince, 2015).

In countries facing ageing and declining populations, migration can reduce
old-age dependency ratios, and other factors, such as a higher labour force par-
ticipation of women and better educated individuals, may help curve these demo-
graphic impacts (Lee, 2014). To investigate the magnitude of the effect of inter-
national mobility and design evidence-based migration policy, policy makers
need accurate estimates of current migration and reliable forecasts of their future
change, as well as credible predictions of their effects on economic growth.

In this contribution, we provide an approach to provide bilateral international
migration flow predictions based on gravity models for short-term projection (5
years ahead). We augment the standard gravity model of migration by including
additional social and economic variables known to impact migration and assess
the forecasting accuracy of different specifications making use of out-of-sample
predictive validation. We exemplify the usefulness of estimated gravity models
by creating migration forecasts and comparing them to ‘zero immigration’ sce-
narios for population and gross domestic product (GDP) in Germany and Portu-
gal. The choice of Germany and Portugal is justified as they exhibit low fertility
rates and increasing inflows of migrants in recent years. In addition, reliable input
data is available for both nations and their governments hold a rather stable posi-
tion towards migration, which makes it easier to create credible projections of
expected future developments.

The central underlying assumption of gravity models for international mobil-
ity is that migration flows between two countries are proportional to their size,
i.e., to their total population and inversely proportional to the geodesic distance
between them, which acts as a proxy for transportation costs (see (Ramos, 2016),
for example). In addition to their intuitive appeal, gravity models can be aug-
mented in a flexible manner with additional potential socioeconomic determi-
nants of migration activity, such as GDP per capita, the relative size of the mid-
dle class, the ratio of the working-age population to children and elderly, fertility
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rates and the size of the existing stock of migrants of a given origin in a destina-
tion country. Moreover, gravity models also have a solid theoretical foundation in
the random utility maximization (RUM) model. The RUM model is an economic
framework that explores why individuals choose to migrate by considering their
preferences and perceived benefits and costs of different locations. Such a frame-
work posits that individuals select the migration destination that maximizes their
overall satisfaction, leading to the calculation of choice probabilities based on the
total utility of their action.

The use of gravity models in the context of migration goes back to Ravenstein
(1885), who identifies gravity-like properties of international migration in the con-
text of the United Kingdom, as well as Zipf (1946) who applies a gravity approach
to analyse U.S. intercity migration. Another example of a migration analysis based
on the gravity approach is given by Karemera (2000), that puts forward a gravity
model of international migration for North America and identifies the population
size of origin countries and the income of destination economies as two significant
determinants of mobility to the region. Cohen (2008) also ground their approach on
a gravity model and propose a generalized linear model based only on geographic
and demographic independent variables. Kim and Cohen (2010) analyse the deter-
minants of international migration flows to and from industrialized countries based
on panel data and a gravity model specification that uses demographic, geographic
and socioeconomic explanatory variables. Another example of panel data used in
a gravity model of migration is Mayda (2010), who focuses on the determinants
of migration inflows into 14 OECD countries. In particular, this study analyses the
effect of income in countries of origin and destination on migration flows.

Traditionally, forecasts of migration flows have been based on relatively simple
extrapolation exercises for past data, expert opinion, or the existing correlations
between migration and economic or demographic data (Disney, 2015). While accu-
rate knowledge of actual and projected migration flows is central to planning and
implementing policy instruments, migration can be affected by many social, eco-
nomic, and political drivers, making forecasting exercises difficult. Assessing the
predictive performance of different methodological approaches to create forecasts
of bilateral migration flows appears thus particularly important when selecting sta-
tistical models for migration flows (Aslany et al., 2021; Disney, 2015). Azose and
Raftery (2015), who compare the performance of Bayesian probabilistic projections,
persistence models, and gravity models of migration based on out-of-sample valida-
tion, find that their Bayesian hierarchical model outperforms an approach based on a
gravity model as described in Cohen (2012). As opposed to our analysis, Azose and
Raftery (2015) focus on country-level net migration instead of bilateral flows, and
aim at creating projections over a long time horizon.

Building on Azose and Raftery (2015) and other studies, Sardoschau (2020) col-
lects and visualizes migration predictions developed by several leading experts in
the field of migration modelling. Focusing on relatively long-term forecasts of net
migration flows, they compare the performance of gravity models to that of struc-
tural and Bayesian specifications. Their analysis shows that gravity models perform
slightly worse regarding the theoretical foundation, transparency of assumptions,
and predictive power than structural models, but have lower data requirements. In
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contrast, when comparing gravity models to Bayesian models, they find that gravity
models have slightly higher data requirements but a more robust theoretical founda-
tion and a similar level of transparency in the underlying assumptions. An important
recent critique of gravity models comes from Beyer et al. (2022), who question the
explanatory power of gravity models for variation in migration flows over time for
pairs of countries. In particular, the analysis in Beyer et al. (2022) concludes that
while gravity models describe spatial patterns of international migration very well,
they do not capture temporal dynamics better than averages of historical flows.

The aim of this paper is to rigorously evaluate the predictive ability of gravity
models of migration for bilateral flows using a forecasting exercise and comparing
the predictive ability of gravity specifications with those of averages of the historical
flows (in the spirit of Beyer et al. 2022). We assess the demographic, geographical,
and socioeconomic factors that appear empirically relevant to explaining and fore-
casting migration patterns. Our results indicate that the best predictive performance
is delivered by econometric models for migration which in addition to the standard
gravity variables incorporate information about diaspora, demographic factors and
labour market outcomes. We exemplify the use of these models to create projections
of the future contribution of migration to population and GDP dynamics.

The remainder of this paper is organized as follows, In Sect. 2, we describe our
input data, our specification of the gravity model and the other statistical methods
that we use for a comparison. Section 3 presents the results and Sect. 4 concludes.

Gravity Models of Migration: Specifications and Data

In the framework of gravity models, migration flows between countries are linked to
their respective size and the distance between them (as a proxy of mobility costs).
Such a relationship implies an underlying data generating process that links migra-
tion flows from origin country i to destination countries j in period 7 (m;;,) to the
size, measured by total population, of origin and destination countries (S;, and S,
respectively) and the geodesic distance that separates them (d; ),

s’ st

Lt ]t

ijt =€ d_5 €ijt (D

i

m

where ¢, is a stochastic error term, and ¢ represents a scaling constant. The theo-
retical basis of such a specification is motivated by migration decisions based on
their potential gains to expected utility (see for instance Ortega & Peri, 2013). Addi-
tional push and pull factors of origin and destination countries that are assumed to
influence migrants’ decisions can be incorporated to Eq. (1). Besides the standard
gravity model, we also estimate specifications that include (a) socioeconomic factors
such as GDP per capita and the relative size of the middle class to capture economic
incentives that act as pull and push factors for migration, as well as the ratio of the
working-age population (15-64) to the total population and unemployment rates as
proxies for labour market needs; (b) demographic characteristics such as fertility

@ Springer



Gravity Models for Global Migration Flows: A Predictive... Page50f17 29

rates and the share of people with at least secondary education; (c) diaspora vari-
ables measuring the existing number of migrants of a given origin in the destination
country and the flow of migrants in the last period (i.e., with a five-year lag); and (d)
dummy variables indicating whether origin and destination countries share a com-
mon border or a common (official) language.

Summarizing these additional origin-specific variables in the vector Z; ,, the des-
tination-specific variables in Z;, and the bilateral factors in X;;,, and using a lin-
ear model in (natural) logs, the specifications we use in our forecasting exercise are
nested in the model given by

logm;;, =logc+ plogS;, +ylogS;, —élogd; +Z;,0

+Z;,d+ X+ Hij @
where the vectors 6, ¢ and n summarize the effect of the variables in Z;,, Z;, and
X, respectively, and p;;, =loge;;, is assumed to fulfil the assumptions of the
standard linear regression models.

To measure the predictive power of the proposed gravity model, we assess the
quality of the forecasts produced by the specification in a pseudo-out-of-sample pre-
dictive analysis exercise and benchmark the forecasts from several specifications of
the form given by equation (2) with other simpler heuristic models: (i) the naive
approach to use migration in the last observation period as prediction for the fol-
lowing periods (random walk model); (ii) use the historical average for each given
origin and destination country as a prediction (historical mean model); and (iii) a
simple autoregressive model, where the forecasts are obtained from a model that
projects the (cross-sectional) flows on their lagged values and bilateral origin—desti-
nation fixed effects as explanatory covariates.

The bilateral migration flow data required to estimate the gravity specifications
is sourced from Abel and Cohen (2019), who provide information for 200 coun-
tries of the world in 5-year intervals ranging from 1990 to 2020. Specifically, we use
their results based on a closed demographic accounting system and a minimization
approach to estimate the missing bilateral migration flows. For the set of independ-
ent covariates in the gravity models, we employ data from several sources. Informa-
tion on national GDP per capita is sourced from the World Economic Outlook from
the International Monetary Fund (2022) and data on population from the UNDESA
(2019) World Population Prospects (WPP) dataset. Data on migrant stocks are
obtained from the United Nations Department of Economic and Social Affairs
UNDESA (2020). For each five-year interval of migration flow data, we use migrant
stock data referring to the beginning of the corresponding period. We also employ a
(5 years) lag of the bilateral migration flows as an additional covariate. Information
on the share of people of working age (15-64) in the total population is also sourced
from the United Nation’s WPP dataset. The share of persons with post-secondary
education and fertility rates are obtained from Wittgenstein Centre (2018). Data
on the share of the middle class (defined as households spending $11-110 per day
per person in 2011 purchasing power parity, or PPP) in the general population are
obtained from the World Data Lab (2022), World Data Pro. Finally, information on
unemployment is sourced from International Labour Organization (2022). Our final
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data set contains (bilateral) information on 177 origin and destination countries.
Information on some variables is missing for particular country pairs and periods.
The final unbalanced panel data set contains 116,460 observations, and we utilize
the balanced sub-panel containing 113,700 observations composed of 28,425 coun-
try pairs and four five-year periods starting in 2000.!

Results
Estimates

We consider four different specifications of the form given by Eq. (2), that differ
in the number and nature of the regressors included as controls in the model. The
variables included in each of the specifications estimated can be found in Table (1).
The estimation results for the parameters of the models are presented in Table 2.
The first column shows the estimates corresponding to a basic gravity model
which only includes population, GDP per capita, distance, as well as period fixed
effects as covariates (GM-SMALL). In the second column, we present the results
of the estimated effects for the extended specification which includes the full set
of explanatory variables introduced in the section above (GM-LARGE). The esti-
mates presented in the third column correspond to a model that, in addition to
the additional variables, also includes origin and destination country fixed effects
(GM-LARGE-FE). In column 4, we consider a model including the interaction of
these fixed effects, that is, bilateral origin—destination fixed effects (GM-LARGE-
BFE). Note that all time invariant variables are perfectly colinear to those bilateral
origin—destination fixed effects and are therefore excluded for the estimation of the
GM-LARGE-BFE model.

The intuitive theoretical relationships implied by the simple gravity model are
qualitatively validated in the data. The variables that capture country size have
effect estimates which are statistically significant and have a positive sign, whereas
distance appears negatively related to migration flows. The sign of the effect of
these variables is not affected by the inclusion of additional covariates, but the
magnitude of the parameter estimates decreases. When controlling for origin and
destination specific fixed effects the parameter estimates of population and GDP per
capital remain significant indicating that those variables provides information about
country-specific outflows and inflows exceeding the mean values. The intuitive
direction of the effects predicted by the standard gravity model of migration are
validated by the cross-sectional variation of migration flows in our dataset. Once
the variation across country pairs is controlled for, the estimated parameters
obtained by exploiting variation over time present are clearly different from those
in the models without fixed effects. The parameter estimate of population in the
destination country is negative in the model including country-specific fixed effects,
suggesting that while countries with large populations tend to experience larger

! All the data and codes required to replicate the analysis can be found at https:/github.com/jakobZellm
ann/Gravity-Models-for-Global-Migration-Flows-A-Predictive-Evaluation.
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Table 1 Overview of regressors included in each gravity specification

Regressors GM-SMALL GM-LARGE GM-LARGE-FE GM-
LARGE-
BFE

Population, origin (log) . . . .

Population, destination (log) . . . °

GDP per capita, origin (log) . . . .

GDP per capita, destination (log) ) . . °

Distance (log) ° ° .

Contiguity . . .

Common official language . . °

Bilateral migration flows, lagged (log) . . .

Migration Stocks, (log) . . °

Ratio of working-age population, origin . . °
(log)

Ratio of working-age population, destina- . . °
tion (log)

Share of mid-class, origin (log) . . °

Share of mid-class, destination (log) . . .

Share of post-secondary education, origin . . °
(log)

Share of post-secondary education, destina- . . °
tion (log)

Unemployment rate, origin (log) . . °

Unemployment rate, destination (log) . . .

Fertility rate, origin (log) . . °

Fertility rate, destination (log) . . °

Period fixed effects . . . .

Country fixed effects, origin °

Country fixed effects, destination .

Country fixed effects, bilateral .

migration flows, population changes tend to correlate negatively with changes in
migration flows on average, after controlling for the other factors included in the
model. The same interpretation explains the estimated negative effect of GDP per
capita in origin countries on migration flows, and similar results are obtained for the
model that includes bilateral fixed effects. The significant effect of lagged migration
flows and the effects of the migration stock variables suggest an important role of
persistence effects of migration and diaspora networks as determinants of future
migration flows.

We find additional significant effects from several socioeconomic and
demographic covariates included in the specification. The share of persons with
secondary or higher education in the origin country has a positive and sizeable
effect on migration flows, especially when controlling for fixed effects. Furthermore,

@ Springer



J. Caballero Reina et al.

Page 8 of 17

29

(1100 (€10°0) (900°0)
#2500 — #2000 0— #6700 — (Sor) urStIo ‘sse[o-pru Jo areys
(€61°0) (sTT0) (2050 (So[) uoneunsap ‘uon
x2x0TH'C #2695 T s VPEYT — -e[ndod oFe-Funjiom jo oney
(z61°0) (STT0) arro (30y) urduo ‘von
#4:86LC — #5x6LS°0 — #%x805°0 -g[ndod o5e-Sunjiom jo oney
(T10°0) (€00°0) (200°0)
#8500 — #4C0€°0 #9870 (3o1) o015 uonEISIN
(€00°0) (€00°0) (€00°0) (801
¥ C10 = [ 1E0 [ TP0 poS3e[ ‘smoy uoneISI [eraNe[ig
(S10°0) ¥10°0) (6100
288170 20T T°0 2 €06°0 o3en3ue T uowrwo))
(LEO0) (8£0°0) (150°0)
#5:81C°0 870°0 #x2:€CT'T fymSnuo)
(S00°0) (L00°0) (900°0) (800°0)
L0070 AN #46L0°0 — #1950 — (o) 2ouelsiq
(9€0°0) (¥+0°0) (600°0) (500°0) (Sop)
#5x9L1°0 #4x9€C°0 #0170 #44CE]'0 uoneunsop ‘edes sod Jao
(9€0'0) 00 (600°0) (S00°0)
#2:59C°0 — #2:$GE°0 — #7010 2 SPT0 (o) wrsto ‘endeo 1od 4aH
(150°0) (+90°0) (€00°0) (¥00°0)
w0 €S0 — #2:66C T — #2:690°0 #2:STE0 (o) uoneunsap ‘uonendogd
(150°0) +90°0) (€00°0) (¥00°0)
#xx£16°0 #%%5L6°0 %5800 #%%99€°0 (3or) usuio ‘vonendog
(HA9-9D99VT-ND) (H4-9D4VT-IND) (HOAVT-IND) (TTVINS-IND)

(301) mop uoneIStu [eree[rg :o[qerrea juspuadag

s[opowr A)1aei3 :sorewnsa o[dwes [[ng g ajqeL

pringer

As



29

Page 9 of 17

Gravity Models for Global Migration Flows: A Predictive...

(TST'S8 =JP) 98T'1

(IvE €I =IP) TLY'T

(LLY'ETT =1P) 69S'T

(689°€TT =JP) S9T°C

Jo1Ig "PIS [ENpISaY

€9L°0 0690 8%9°0 0£€°0 2 passnlpy
T80 169°0 690 0£€°0 A
00L°€IT 00L€TT 00L€IT 00L€IT SUOTIEAIOSQO
SOX ON ON ON [eI91R[1q ‘S109]0 paxy Anuno))
uon
ON SO ON ON -eunsap ,muoo.to paxy %bﬁ—._OU
ON SO ON ON ﬁ_wto rmaooto Paxy %bmzoo
SO SO SO SOA $)O3JJ° PaXY poLRd
(1£0°0) (920°0)
#4880 — #x€1€°0 — (o) uoneunsap ‘oyex ANNIS]
(1L0°0) (920°0)
#4L08°0 2 [LT0 (Sor) wso ‘oper AynIo
(9100 (810°0) (900°0) (Sor) uon
#7500 #2x750°0 #37€0°0 -eunsap ‘g der Juswkordwoun
(920°0) (810°0) (900°0) (Sop
820°0 £20°0 5 590°0— wi3Lo ‘9 orer juawkodwoun
(S6€°0) (6250 (s01°0) (Sor) uoneunsap ‘von
#xx88C C— #3005 C— 239V 71 -eonpa Arepuodss-jsod jo areys
(z6€°0) (8250 (€01°0) (Sor) urSuo ‘uon
##%068 L #8079 s V€0 -eonpa A1epu0dds-isod Jo oreys
(110°0) (€10°0) (900°0) oD
#%620°0 — #+0€0°0— #4%LE0°0 —  UOLBUNSIP ‘SSB[O-PIUI JO AIeYS
(HA9-4D9VT-ND) (H4-9D4VT-IND) (HOAVT-IND) (TTVINS-IND)

(So1) mop uoneIStu [erje[rg :o[qerrea juapuada(y

(ponunuoo) zs|qey

pringer

As



J. Caballero Reina et al.

Page 10 0f 17

29

(Levo11 (67911
(L¥1'8T “TST'S8 = JP) 4xxLS8'ET (SB0QIT “FLE = JP) 4xx5SES69 TT=IP) %xx909'¥9L'6 ‘01 =JP) sxx6L1 ETL'S onsness J
(H19-9DIVT-ND) (HI-A9YVT-IND) (HOYVT-IND) (TIVINS-IND)

(So1) mop uoneIStu [erelrg :o[qerrea juspuada(y

(ponunuoo) zs|qey

pringer

f's



Gravity Models for Global Migration Flows: A Predictive... Page 110f17 29

the ratio of working age population to total population in the origin (destination)
country positively (negatively) influences the magnitude of migration flows between
pairs of economies. However, controlling for country-specific fixed effects reverses
the direction of these results, thus indicating that the effect of this variable in the
specification given by GM-LARGE is mostly driven by cross-country variation, as
opposed to variation over time. Similarly, we find that high fertility origin countries
tend to have higher emigration, whereas high fertility rate in destination countries
tend to reduce immigration flows. These results still hold when controlling for
country-specific fixed effects, but change direction when controlling for bilateral
origin—destination fixed effect, indicating that the effects implied by cross-sectional
variation and those implied by time variation can be very different.

Out-of-sample Prediction Validation

To assess the predictive power of the gravity models for migration, we estimate our
gravity specifications using data for the period 1995 to 2015, use the estimated mod-
els to obtain forecasts for 2015-2020 and compare the predictive ability of our mod-
els with that of heuristic methods based on random walk specifications, historical
averages of migration flows and simple autoregressive models. We obtain different
measures of prediction accuracy: (i) the root mean square forecast error (RMSE), as
a measure of discrepancy between realized and predicted values, (ii) the mean direc-
tional accuracy (MDA), which measures the share of correctly predicted changes in
migration flows (based on predicted increase/decrease) and (iii) the estimated coef-
ficients of a linear regression model where the realized migration flow values are
regressed on an intercept and the predicted values (where rational predictions would
correspond to an intercept of zero and a slope of unity in this regression model).

Scatterplots of predicted and realized values in the out-of-sample period for all
models are presented in Fig. 1, and the results of the prediction exercise can be
found in Table 3. Figure 1 depicts the scatterplot of realized and predicted values
together with the 45 degree line (which would imply compatibility with rational
forecasts) and the corresponding regression line. Deviations between these lines are
informative of biases in the forecasts. We find that the large gravity model with-
out country-fixed effects (GM-LARGE) performs best in means of RMSE. It is
closely followed by the model including country and destination fixed effects (GM-
LARGE-FE) and the historical averages. The relatively poor prediction results from
both GM-LARGE-FE and GM-LARGE-BFE suggest that models including bilateral
and country fixed effects may tend to overfit the existing migration flow data.

The results presented are robust in respect to the estimation method for the
migration flow data. In particular, we find that the results obtained for the migration
flow data used remain similar if the migration flow estimates obtained by the
pseudo-Bayesian approach in Abel and Cohen (2019) are used. In addition, we also
entertained models based on Poisson and negative binomial regression, to account
for the count nature of migration flows and the excess of zero observations.> The

2 It can be seen in Fig. 1 that zero bilateral migration flows significantly alter the predictive ability of the
models employed.
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Real
Real

Predicted Predicted

(a) GM-SMALL (b) GM-LARGE

Real

Predicted Predicted

(c) GM-LARGE-FE (d) GM-LARGE-BFE

Precicted ’ T prediciea ’ Predicted

(e) Random walk (f) Historical averages (g) AR model

Fig. 1 Predicted vs realized values of log level migration flows. The solid blue line represents the
regression line of (linearly) regression the realized on the predicted values. The 45°-line is depicted in
red and dashed

predictive ability of these specifications was significantly worse than that of our log-
linearized models.’

Measuring the Effects of Migration on GDP: An lllustrative Example

The predictive ability of gravity models can be exploited to support evidence-based
policies, not only through the use of best-practice migration forecasts, but also by
providing the basis for the creation of (counterfactual) projections of population
and GDP based on scenarios concerning migration flows. In this section, we pro-
vide a simple illustrative example of such a scenario-driven projection exercise, in
which we provide a first (lower bound) approximation of the potential contribution
of migration to population and GDP dynamics in Germany and Portugal over the
period 2021-2025.

For this purpose, we combine migration forecasts from the GM-LARGE model
with population projection from the WPP dataset and GDP data from the IMF.

3 Results based on different migration flow estimates and Poisson and negative binomial models can
be obtained at https://github.com/jakobZellmann/Gravity-Models-for-Global-Migration-Flows-A-Predi
ctive-Evaluation.
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12:;?;10?:;siit:a(r;(l))llz—zozm RMSE MDA Tnter Slope

Level of log migration
GM-SMALL 2.181 0.853 —0.469 1.166
GM-LARGE 1.506 0879  —0.099 1.045
GM-LARGE-FE 1.536 0869 —0.044 1.055
GM-LARGE-BFE 2.938 0.831 —-0.642  0.659
Random walk 1.849 0.782 0.392 0.772
Historical averages 1.617 0.877 0.203 0.889
AR model 1.680 0876  0.234 1.082

Changes of log migration
GM-SMALL 1.111 0589 —0.052 0426
GM-LARGE 0.877 0.661 —0.021 1.208
GM-LARGE-FE 0.912 0.632 —0.022 1.052
GM-LARGE-BFE 1.809 0526 —0.193  0.153
Random walk 1.066 0388 —0.095 -
Historical averages 0.930 0.655 —0.031 0.823
AR model 0.948 0.653  0.133 0.823

We subtract the projected number of persons migrating to Germany and Portugal
from 2021 to 2025 implied by our model forecasts from the population projections
from a scenario with migration (that is, by the population projections in the
WPP data). This projection exercise is thus aimed at measuring the population
that would live in these two countries if no immigration took place over the the
next years. As compared to a scenario without emigration and immigration, we
choose this design in order to minimize the uncertainty around future population
changes created by migration flows. Eliminating emigration from the scenario
would imply employing additional estimates of bilateral migration flows between
Portugal and Germany (as origin nations) and all other countries of the world.
These estimates would add to the uncertainty of the immigration figures and
would make our projections less credible.

Given that our model contains explanatory variables measured at the begin-
ning of the period when the migration flows take place, we can use the latest
available data point in order to create the projections of bilateral migration flows
for all country pairs in the period 2015-2025. Figure 2 presents the two scenarios
(benchmark from the WPP projections and scenario without immigration) for the
total population in Germany and Portugal. The benchmark projection shows that
the total population of Germany and Portugal is expected to decrease in the com-
ing years, a trend which is further amplified in the scenarios without immigration.
Should immigration to Germany and Portugal have come to a halt in 2020, we
would see a sharp drop in population numbers in both countries of destination,
with the no-immigration scenario in Germany implying around half a million less
inhabitants by 2025 and the one for Portugal around 50,000 less. In addition to
this alternative scenario for population trends, we also analyse how migration
projections can be used to provide first approximations of the effect of human
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Fig. 2 Projected total population and GDP with and without immigration: Germany and Portugal

mobility effect on economic growth in receiving countries. To quantify the pro-
ductivity of migrants, we use GDP growth projections from the IMF and create
three scenarios where we assign migrants (a) the average labour productivity cor-
responding to their country of origin or (b) that of the recipient economy. Sum-
ming up the monetary value added to the economy by each individual migrant (as
measured by their assumed labour productivity), we are able to assess how GDP
in Germany and Portugal would be affected by migration flows in the different
scenarios designs. Figure 2 presents this gap in the two scenarios entertained,
together with benchmark GDP forecasts from the IMF. Assigning the average
productivity of the country of destination to each migrant, in 2025 Germany
would already lose over 42 billion dollars of GDP (in 2011 PPP), corresponding
to over 1% of its total annual GDP. Assuming that each migrant’s productivity
corresponds to that of workers in their country of origin would lead to slightly
lower losses for Germany, while for Portugal the two scenarios regarding migrant
productivity would lead to very similar drops in GDP growth. In relative terms,
the fall in GDP implied by the projection scenarios without immigration is larger
than that in population, so qualitatively the results for GDP translate to GDP per
capita figures in terms of the relative ordering of the scenarios presented.

Such simple exercises based on conditional projections from the gravity
model for migration illustrate how our gravity specifications can contribute to
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an evidence-based debate on migration policy and on the economic effects of
migration. It should be noted that, by abstracting from spillovers related to market
innovation activities or entrepreneurship, for instance, our exercise can be thought of
as providing a lower bound estimate of the effects of migration on economic growth.

Conclusion

This paper estimates global gravity models aimed at forecasting migrant flows
between countries and exemplifies their use as a tool to inform economic policy by
combining migration projections with current IMF economic growth forecasts to
calculate potential GDP losses to the German and Portuguese economies in a sce-
nario without immigration. To assess the validity of this gravity model approach,
we perform an out-of-sample prediction exercise and compare different measures
of forecasting accuracy, comparing the results of four different specifications of a
gravity model to those of three heuristic models. This validation exercise shows that
a gravity model including some socioeconomic pull and push factors without coun-
try fixed effects performs best in every measure of prediction quality. In addition to
projecting expected migration flows, we also provide a simple estimate of how the
population and GDP of Germany and Portugal might develop in a no immigration
scenario. For this purpose, we combine our migration forecasts with population pro-
jections and GDP forecasts.

The modelling framework put forward in our analysis can be particularly use-
ful for the design of evidence-based migration policy instruments, in particular in
the context of current discussions in the European political arena. The development
of statistical tools to inform policy about issues related to the regulation of asylum
requests and the allocation of immigrants across EU economies would require dif-
ferent methods that account for the particular nature of such forced migration flows.
On the other hand, our modelling tools could be helpful to create a scientific basis
to frame the current discussion on the competition for skilled workers in the global
market in ageing societies. To deepen the insights gained by our modelling tool, it
would be desirable for further research to perform a more in-depth analysis of the
productivity of migrants and the corresponding effects migration may have on eco-
nomic growth via entrepreneurship, investment in human or physical capital. In this
respect, data limitations are currently a binding constraint to the advancement of the
research agenda.

Our simple illustration of the use of such models to quantify the economic
effects of migration serves as a proof=of=concept example that would need to
be further improved to account for additional factors. For longer-term forecasts,
it would be useful to extend this relatively simple approach and consider a wider
range of determinants that might influence the effect that immigrants have on the
population of their country of destination. Age structure, fertility and mortality
differentials between migrants and the rest of the population, for instance, would
need to be investigated in order to create credible population projections under
different scenarios for long time horizons. Focusing only on the next four to five
years, we abstract from these effects in the projections provided in this contribution.
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Information on the age, sex and education structure of migrants, as well as their
allocation in specific economic sectors, would need to be incorporated to refine the
assumptions concerning the productivity of migrants and thus GDP projections.

Acknowledgements The authors would like to thank two anonymous referees, as well as participants
in workshops organized by the International Organization for Migration for their helpful comments on
earlier drafts of this paper. This paper stems from a joint project with the International Organization of
Migration (IOM) and the government offices of Moldova, Portugal, and Germany. We would like to thank
the different IOM counterparts, who contributed with expert opinion to the specification of the gravity
model. Jesus Crespo Cuaresma and Jakob Zellmann thankfully acknowledge support from the eXplore
Initiative (Michael Tojner and B &C Privatstiftung) under the grant “Migration and Economic Growth”
in the context of the eXplore! initiative.

Funding Open access funding provided by Vienna University of Economics and Business (WU).

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party material in
this article are included in the article’s Creative Commons licence, unless indicated otherwise in
a credit line to the material. If material is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need
to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

References

Abel, G. J., & Cohen, J. E. (2019). Bilateral international migration flow estimates for 200 countries.
Scientific Data, 6(1), 1-13. https://doi.org/10.1038/s41597-019-0089-3

Aslany, M. et al. (2021). Systematic review of determinants of migration aspirations. In: QuantMig
Project Deliverable D2.2.

Azose, J. J., & Raftery, A. E. (2015). Bayesian probabilistic projection of international migration.
Demography, 52(5), 1627-1650. https://doi.org/10.1007/s13524-015-0415-0

Baker, D. et al. (2005). Asset returns and economic growth. In: Brookings papers on economic activity.

Beyer, R. M., et al. (2022). Gravity models do not explain, and cannot predict, international
migration dynamics. Humanities and Social Sciences Communications. https://doi.org/10.1057/
$41599-022-01067-x

Bloom, D. E., et al. (2015). Macroeconomic implications of population ageing and selected policy
responses. The Lancet, 385(9968), 649-657.

Bricker, D., & Ibbitson, J. (2019). Empty planet: The shock of global population decline. Hachette.

Cohen, J. E. (2012). Projection of net migration using a gravity model. In: Proceedings of the XXVII
TUSSP international population.

Cohen, J. E., et al. (2008). International migration beyond gravity: A statistical model for use in
population projections. Proceedings of the National Academy of Sciences, 105(40), 15269-15274.
https://doi.org/10.1073/pnas.0808185105

Disney, G. et al. (2015). Evaluation of existing migration forecasting methods and models. In: ESRC
Centre for Population Change, University of Southampton.

International Labour Organization. (2022). Unemployment, Total (Percent of total labor force). World
Economic Data. https://ilostat.ilo.org/data/

International Monetary Fund. (2022). World Economic Outlook, April 2022: War sets back the global
recovery. World Economic and Financial Surveys. https://www.imf.org/en/Publications/WEO/
Issues/2022/04/19/world-economic-outlook-april-2022

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/s41597-019-0089-3
https://doi.org/10.1007/s13524-015-0415-0
https://doi.org/10.1057/s41599-022-01067-x
https://doi.org/10.1057/s41599-022-01067-x
https://doi.org/10.1073/pnas.0808185105
https://ilostat.ilo.org/data/
https://www.imf.org/en/Publications/WEO/Issues/2022/04/19/world-economic-outlook-april-2022
https://www.imf.org/en/Publications/WEO/Issues/2022/04/19/world-economic-outlook-april-2022

Gravity Models for Global Migration Flows: A Predictive... Page 170f17 29

Karemera, D., et al. (2000). A gravity model analysis of international migration to North America.
Applied Economics, 32(13), 1745-1755. https://doi.org/10.1080/000368400421093

Kim, K., & Cohen, J. E. (2010). Determinants of international migration flows to and from industrialized
countries: A panel data approach beyond gravity. International Migration Review, 44(4), 899-932.
https://doi.org/10.1111/j.1747-7379.2010.00830.x

Lee, R., et al. (2014). Is low fertility really a problem? Population aging, dependency, and consumption.
Science, 346(6206), 229-234.

Lubitz, J., et al. (2003). Health, life expectancy, and health care spending among the elderly. New England
Journal of Medicine, 349(11), 1048-1055.

Mason, A., et al. (2022). Six ways population change will affect the global economy. Population and
Development Review, 48(1), 51-73.

Mayda, A. M. (2010). International migration: A panel data analysis of the determinants of bilateral flows.
Journal of Population Economics, 23(4), 1249-1274. https://doi.org/10.1007/s00148-009-0251-x

Ortega, F., & Peri, G. (2013). The effect of income and immigration policies on international migration.
Migration Studies, 1(1), 47-74. https://doi.org/10.1093/migration/mns004

Prince, M. J., et al. (2015). The burden of disease in older people and implications for health policy and
practice. The Lancet, 385(9967), 549-562.

Ramos, R. (2016). Gravity models: A tool for migration analysis. IZA World of Labor. https://doi.org/10.
15185/izawol.239

Ravenstein, E. G. (1885). The laws of migration. Royal Statistical Society.

Sardoschau, S. (2020). The Future of Migration to Germany. In: Assessing Methods in Migration
Forecasting: DeZIM Project report-DPr# 1.

UNDESA. (2019). World Population Prospects (2019 Revision). World Demographic Surveys. https://
population.un.org/wpp/

UNDESA. (2020). International Migrant Stock 2020. World Demographic Surveys. https://www.un.org/
development/desa/pd/content/international-migrant-stock

Vollset, S. E., et al. (2020). Fertility, mortality, migration, and population scenarios for 195 countries and
territories from 2017 to 2100: A forecasting analysis for the Global Burden of Disease Study. The
Lancet, 396(10258), 1285-1306.

Wittgenstein Centre. (2018). Educational attainment distribution, post-secondary education. World
Demographic Data. http://dataexplorer.wittgensteincentre.org/wcde-v2/

World Data Lab. (2022). World Data Pro, Spending and Demographic Data. World Economic Data.
https://worlddata.pro/

Zipf, G. K. (1946). The P1P2/D hypothesis: On the intercity movement of persons. American Sociological
Review, 11(6), 677-686.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

@ Springer


https://doi.org/10.1080/000368400421093
https://doi.org/10.1111/j.1747-7379.2010.00830.x
https://doi.org/10.1007/s00148-009-0251-x
https://doi.org/10.1093/migration/mns004
https://doi.org/10.15185/izawol.239
https://doi.org/10.15185/izawol.239
https://population.un.org/wpp/
https://population.un.org/wpp/
https://www.un.org/development/desa/pd/content/international-migrant-stock
https://www.un.org/development/desa/pd/content/international-migrant-stock
http://dataexplorer.wittgensteincentre.org/wcde-v2/
https://worlddata.pro/

	Gravity Models for Global Migration Flows: A Predictive Evaluation
	Abstract
	Introduction
	Gravity Models of Migration: Specifications and Data
	Results
	Estimates
	Out-of-sample Prediction Validation
	Measuring the Effects of Migration on GDP: An Illustrative Example

	Conclusion
	Acknowledgements 
	References


