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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 t ( mi,j,t ) to the 
size, measured by total population, of origin and destination countries ( Si,t and Sj,t 
respectively) and the geodesic distance that separates them ( di,j),

where �i,j,t is a stochastic error term, and c 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 

(1)mi,j,t = c
S
�

i,t
S
�

j,t

d�
i,j

�i,j,t,
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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 Zi,t , the des-
tination-specific variables in Zj,t and the bilateral factors in Xi,j,t , and using a lin-
ear model in (natural) logs, the specifications we use in our forecasting exercise are 
nested in the model given by

where the vectors � , � and � summarize the effect of the variables in Zi,t , Zj,t and 
Xi,j,t , respectively, and �i,j,t = log �i,j,t 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 

(2)
logmi,j,t = log c + � log Si,t + � log Sj,t − � log dij + Zi,t�

+ Zj,t� + Xi,j,t� + �i,j,t,
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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 2000.1

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 dis-
tance 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 magni-
tude of the parameter estimates decreases. When controlling for origin and destina-
tion specific fixed effects the parameter estimates of population and GDP per capital 
remain significant indicating that those variables provides information about coun-
try-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 exploit-
ing variation over time present are clearly different from those in the models with-
out 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 migration flows, 

1 All the data and codes required to replicate the analysis can be found at https:// github. com/ jakob Zellm 
ann/ Gravi ty- Models- for- Global- Migra tion- Flows-A- Predi ctive- Evalu ation.

https://github.com/jakobZellmann/Gravity-Models-for-Global-Migration-Flows-A-Predictive-Evaluation
https://github.com/jakobZellmann/Gravity-Models-for-Global-Migration-Flows-A-Predictive-Evaluation
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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 inter-
pretation explains the estimated negative effect of GDP per capita in origin coun-
tries 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 demo-
graphic covariates included in the specification. The share of persons with second-
ary or higher education in the origin country has a positive and sizeable effect on 
migration flows, especially when controlling for fixed effects. Furthermore, the ratio 
of working age population to total population in the origin (destination) country 

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 •



 J. Caballero Reina et al.

1 3

29 Page 8 of 17

Ta
bl

e 
2 

 F
ul

l s
am

pl
e 

es
tim

at
es

: g
ra

vi
ty

 m
od

el
s

D
ep

en
de

nt
 v

ar
ia

bl
e:

 B
ila

te
ra

l m
ig

ra
tio

n 
flo

w
 (l

og
)

(G
M

-S
M

A
LL

)
(G

M
-L

A
RG

E)
(G

M
-L

A
RG

E-
FE

)
(G

M
-L

A
RG

E-
B

FE
)

Po
pu

la
tio

n,
 o

rig
in

 (l
og

)
0.

36
6*

**
0.

08
5*

**
0.

97
5*

**
0.

91
3*

**
(0

.0
04

)
(0

.0
03

)
(0

.0
64

)
(0

.0
51

)
Po

pu
la

tio
n,

 d
es

tin
at

io
n 

(lo
g)

0.
31

5*
**

0.
06

9*
**

−
 1

.2
99

**
*

−
 1

.0
53

**
*

(0
.0

04
)

(0
.0

03
)

(0
.0

64
)

(0
.0

51
)

G
D

P 
pe

r c
ap

ita
, o

rig
in

 (l
og

)
0.

14
5*

**
0.

10
4*

**
−

 0
.3

55
**

*
−

 0
.2

65
**

*
(0

.0
05

)
(0

.0
09

)
(0

.0
44

)
(0

.0
36

)
G

D
P 

pe
r c

ap
ita

, d
es

tin
at

io
n 

(lo
g)

0.
83

2*
**

0.
21

0*
**

0.
23

6*
**

0.
17

6*
**

(0
.0

05
)

(0
.0

09
)

(0
.0

44
)

(0
.0

36
)

D
ist

an
ce

 (l
og

)
−

 0
.5

61
**

*
−

 0
.0

79
**

*
−

 0
.1

25
**

*
0.

00
7

(0
.0

08
)

(0
.0

06
)

(0
.0

07
)

(0
.0

05
)

C
on

tig
ui

ty
2.

22
3*

**
0.

04
8

0.
21

8*
**

(0
.0

51
)

(0
.0

38
)

(0
.0

37
)

C
om

m
on

 L
an

gu
ag

e
0.

92
3*

**
0.

12
0*

**
0.

18
8*

**
(0

.0
19

)
(0

.0
14

)
(0

.0
15

)
B

ila
te

ra
l m

ig
ra

tio
n 

flo
w

s, 
la

gg
ed

 
(lo

g)
0.

42
1*

**
0.

31
1*

**
−

 0
.1

24
**

*
(0

.0
03

)
(0

.0
03

)
(0

.0
03

)
M

ig
ra

tio
n 

sto
ck

 (l
og

)
0.

28
6*

**
0.

30
2*

**
−

 0
.0

58
**

*
(0

.0
02

)
(0

.0
03

)
(0

.0
12

)
R

at
io

 o
f w

or
ki

ng
-a

ge
 p

op
ul

a-
tio

n,
 o

rig
in

 (l
og

)
0.

50
8*

**
−

 0
.5

79
**

*
−

 2
.7

98
**

*
(0

.1
11

)
(0

.2
25

)
(0

.1
92

)
R

at
io

 o
f w

or
ki

ng
-a

ge
 p

op
ul

a-
tio

n,
 d

es
tin

at
io

n 
(lo

g)
−

 1
.6

34
**

*
1.

56
9*

**
2.

41
0*

**
(0

.1
14

)
(0

.2
25

)
(0

.1
93

)
Sh

ar
e 

of
 m

id
-c

la
ss

, o
rig

in
 (l

og
)

−
 0

.0
49

**
*

−
0.

04
0*

**
−

 0
.0

35
**

*
(0

.0
06

)
(0

.0
13

)
(0

.0
11

)



1 3

Gravity Models for Global Migration Flows: A Predictive… Page 9 of 17 29

Ta
bl

e 
2 

 (c
on

tin
ue

d)

D
ep

en
de

nt
 v

ar
ia

bl
e:

 B
ila

te
ra

l m
ig

ra
tio

n 
flo

w
 (l

og
)

(G
M

-S
M

A
LL

)
(G

M
-L

A
RG

E)
(G

M
-L

A
RG

E-
FE

)
(G

M
-L

A
RG

E-
B

FE
)

Sh
ar

e 
of

 m
id

-c
la

ss
, d

es
tin

at
io

n 
(lo

g)
−

 0
.0

37
**

*
−

0.
03

0*
*

−
 0

.0
29

**

(0
.0

06
)

(0
.0

13
)

(0
.0

11
)

Sh
ar

e 
of

 p
os

t-s
ec

on
da

ry
 e

du
ca

-
tio

n,
 o

rig
in

 (l
og

)
0.

34
4*

**
6.

40
8*

**
7.

89
9*

**
(0

.1
03

)
(0

.5
28

)
(0

.3
92

)
Sh

ar
e 

of
 p

os
t-s

ec
on

da
ry

 e
du

ca
-

tio
n,

 d
es

tin
at

io
n 

(lo
g)

1.
14

6*
**

−
2.

59
9*

**
−

2.
28

8*
**

(0
.1

05
)

(0
.5

29
)

(0
.3

95
)

U
ne

m
pl

oy
m

en
t r

at
e 

%
, o

rig
in

 
(lo

g)
−

0.
06

5*
**

0.
02

3
0.

02
8

(0
.0

06
)

(0
.0

18
)

(0
.0

26
)

U
ne

m
pl

oy
m

en
t r

at
e 

%
, d

es
tin

a-
tio

n 
(lo

g)
0.

03
4*

**
0.

05
4*

**
0.

05
4*

**
(0

.0
06

)
(0

.0
18

)
(0

.0
16

)
Fe

rti
lit

y 
ra

te
, o

rig
in

 (l
og

)
0.

27
1*

**
0.

80
7*

**
(0

.0
26

)
(0

.0
71

)
Fe

rti
lit

y 
ra

te
, d

es
tin

at
io

n 
(lo

g)
−

 0
.3

13
**

*
−

 0
.4

88
**

*
(0

.0
26

)
(0

.0
71

)
Pe

rio
d 

fix
ed

 e
ffe

ct
s

Ye
s

Ye
s

Ye
s

Ye
s

C
ou

nt
ry

 fi
xe

d 
eff

ec
ts

, o
rig

in
N

o
N

o
Ye

s
N

o
C

ou
nt

ry
 fi

xe
d 

eff
ec

ts
, d

es
tin

a-
tio

n
N

o
N

o
Ye

s
N

o

C
ou

nt
ry

 fi
xe

d 
eff

ec
ts

, b
ila

te
ra

l
N

o
N

o
N

o
Ye

s
O

bs
er

va
tio

ns
11

3,
70

0
11

3,
70

0
11

3,
70

0
11

3,
70

0
R2

0.
33

0
0.

64
9

0.
69

1
0.

82
2

A
dj

us
te

d 
R2

0.
33

0
0.

64
8

0.
69

0
0.

76
3

Re
si

du
al

 S
td

. E
rr

or
2.

16
5 

(d
f =

 1
13

,6
89

)
1.

56
9 

(d
f =

 1
13

,6
77

)
1.

47
2 

(d
f =

 1
13

,3
41

)
1.

28
6 

(d
f =

 8
5,

25
2)



 J. Caballero Reina et al.

1 3

29 Page 10 of 17

Ta
bl

e 
2 

 (c
on

tin
ue

d)

D
ep

en
de

nt
 v

ar
ia

bl
e:

 B
ila

te
ra

l m
ig

ra
tio

n 
flo

w
 (l

og
)

(G
M

-S
M

A
LL

)
(G

M
-L

A
RG

E)
(G

M
-L

A
RG

E-
FE

)
(G

M
-L

A
RG

E-
B

FE
)

F 
st

at
ist

ic
5,

72
3.

17
9*

**
 (d

f =
 1

0;
 

11
6,

44
9)

9,
76

4.
60

6*
**

 (d
f =

 2
2;

 
11

6,
43

7)
69

5.
35

5*
**

 (d
f =

 3
74

; 1
16

,0
85

)
13

.8
57

**
* 

(d
f =

 8
5,

25
2;

 2
8,

44
7)



1 3

Gravity Models for Global Migration Flows: A Predictive… Page 11 of 17 29

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 specifi-
cation 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-spe-
cific fixed effects, but change direction when controlling for bilateral origin–destina-
tion 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 migra-
tion 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 enter-
tained models based on Poisson and negative binomial regression, to account for the 
count nature of migration flows and the excess of zero observations.2 The predictive 

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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ability of these specifications was significantly worse than that of our log-linearized 
models.3

Measuring the Effects of Migration on GDP: An Illustrative 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. 

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

3 Results based on different migration flow estimates and Poisson and negative binomial models can 
be obtained at https:// github. com/ jakob Zellm ann/ Gravi ty- Models- for- Global- Migra tion- Flows-A- Predi 
ctive- Evalu ation.

https://github.com/jakobZellmann/Gravity-Models-for-Global-Migration-Flows-A-Predictive-Evaluation
https://github.com/jakobZellmann/Gravity-Models-for-Global-Migration-Flows-A-Predictive-Evaluation
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We subtract the projected number of persons migrating to Germany and Portugal 
from 2021 to 2025 implied by our model forecasts from the population projec-
tions from a scenario with migration (that is, by the population projections in 
the WPP data). This projection exercise is thus aimed at measuring the popu-
lation 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 immigra-
tion, 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 

Table 3  Out-of-sample 
validation results (2015–2020)

RMSE MDA Inter Slope

Level of log migration
 GM-SMALL 2.181 0.853 − 0.469 1.166
 GM-LARGE 1.506 0.879 − 0.099 1.045
 GM-LARGE-FE 1.536 0.869 − 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 0.876 0.234 1.082

Changes of log migration
 GM-SMALL 1.111 0.589 − 0.052 0.426
 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 0.526 − 0.193 0.153
 Random walk 1.066 0.388 − 0.095 –
 Historical averages 0.930 0.655 − 0.031 0.823
 AR model 0.948 0.653 0.133 0.823
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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 an 

Fig. 2  Projected total population and GDP with and without immigration: Germany and Portugal



1 3

Gravity Models for Global Migration Flows: A Predictive… Page 15 of 17 29

evidence-based debate on migration policy and on the economic effects of migra-
tion. It should be noted that, by abstracting from spillovers related to market innova-
tion 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.
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