Determinants of international migration
flows to & from industrialized countries:
a panel data approach beyond gravity

Joel E. Cohen .
Igrants leaving Altar,

2ol G ST e][8113] o]F=4 Mexico, headed north
Universities, New York

cohen@rockefeller.edu
2011-05-30
Finnish Statistical Days,
Helsinki, Finland

2011-06-08



Collaborators & outline

Paper 1: Paper 2.

Marta Roig Keuntae Kim
UN Population Division  Univ. of Wisconsin

Daniel Reuman ADeterminants c
Imperial Coll. London g‘r'g\;ﬁyf’g gg‘é"esl %?t’g”d

Cai GoGwilt approacho
MIT International Migration

Proc. Nat. Acad. Sci. USA Review, 44(4):899-932, 2010

105(40):15269-15274,
2008-10-07

2011-06-08 2
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Net migration drove population change in EU 1998-2009.
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How to project

M(i,],t)=number of migrants from i to |
between t & t+1,

simultaneously

for all origins | & all destlnatlons J’P

Who Is a migrant?
Tourist? Student?
Transborder worker?
Military abroad?
Foreign only?
Undocumented?
Definitions are

difficult & various.
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Why use numbers of migrants?

UN projections of net migration did not
automatically sum (over all countries) to O.

In principle, migrant flows conserve number
of people: If you leave one place, you
arrive somewhere else.

Therefore, If you account accurately for
migrant flows, net migration of all countries
In world will automatically sum to O
(ignoring deaths en route).

2011-06-08 Joel E. Cohen 7



Model should use variables that are not
more difficult to project for decades

than migration itself.

Some non-demographic variables are
difficult to project for decades:

Wage or other economic differentials
Migration policies of origins & destinations
But areas, geographic distances, common

borders, being landlocked, shared

languages, prior colonial relationships, are
relatively stable.
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Gravity model:
George Kingsley Zipf

(1902-50)
M(i,},t) = c*P(i,t)*P(j,t)/D(i,))
M(C1T ,] ,t) = 0MoOV g

between two cities |, |

Cities' populations P(i,t)*P(j,t)
Intervening distance D(l,))
(Zipf 1946,1949)

U.S. farm migrants
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Gravity model in log-linear form

Define

M(i,],t)=number of migrants from origin i to
destination | between t & t+1.

P = population, D = distance
M(1,],t) = c*P(1,t)*P(j,t)/D(1,))
e
log M(i,},t)=log c + log P(i,t) + log P(j,t)

- log D(1,)).
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Generalized gravity model

M(i,j,t) = c*P(i,t) *P(j,H)° *D(i,j)?
&
log M(1,},t) = log ¢ + a*log P(i,t) + b*log P(],t)
+ d*log D(i,j).
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Beyond generalized gravity

P = population, D = distance, A = area
Population density = P/A

_og population density =log P T log A.
t = time (calendar year)

log M(1,],t)
= constant + a*log P(i,t) + b*log P(j,t)
+ d*log D(1,)) + e*log A(l) + f*log A())
+ Kk *t + k,*t2
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Coeffiliclents
log M(i,],t) = ¢ + a*log P(i,t) + b*log P(j,t)
+ d*log D(l,)) + e*log A(1) + f*log A())

+ Kk *t + k,*t?

a: If P(i,t) increases by 1%, then M(l,],t)

changes by a%, up if a>0, down If a<0.

(hel asticitieso)
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43.653 records from 11 countries

Destinations: Australia, Belgium, Canada,
Denmark, Germany, Italy, Netherlands,
Spain, Sweden, UK, USA

Origins: above countries excluding Canada,
Spain and USA

Year: 1960 through 2004
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Content of each data record (1)

Each record contained 12 variables:
unigue serial number

year In Western calendar

origin of migrants

population of origin in year
destination of migrants
population of destination In year

o 1o e R =
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Content of each data record (2)

/. number of migrants from origin to
destination in year (dependent variable)

8. area (km?) of origin
9. area (km?) of destination

10. distance (km) from capital of origin to
capital of destination by great circle route

11. source of migration data

12. did origin & destination share border?
(1=yes, 0=no0)
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Migration statistics do not match.

In 1998,

Australia reported 3,971 migrants from Australia to
UK (emigrants leaving permanently),

UK reported 41,800 migrants from Australia to UK
(Immigrants staying at least 1 year).

Immigration is generally better recorded at

destinations than emigration is recorded at
origins.
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Migration definitions do not agree (1).

Country Type of source Clagsimication by country of
Australia Barder collection Birth
Belgium Fanulation register previous/intended residence
Canada Residence permits Birth
Denmark Fapulation register ctizenship
Germany Fapulation registar previous/intended residence
[taly Fapulation register previous/intended residence
Metherlands Fapulation register citizenship
apaln Fapulation registar previous residence
eden Fapulation register previous/intended residence
United Kingdam Border collection & survey previous/intended residence
United States Residence permits birth



Migration definitions do not agree (2).

Country
Australa
Belgium
Canada
Denmark
Zermany

Italy
Metherlands

Spain
Sweden

United Kingdam
United States

In-rigrants
duration of stay

- 1
Fermanent residence

3 manths o langer
Parrnanent residence’

3 manths o langer
3 manths or langer®

3 morths or longer’
4 months ar longer’

3 months ar longer’
1 yearor longer

1 yearor longer

Parrnanent residence’

Dut-migrants
duration of stay

2
Permanent departures
Une year of langer

Fermanent departures
3 manths ar langer

Fermanent departures
B manths or longer*

1 year or langer

1 year or langer

Citizenship of migrants
Al

Fareigners
Fareigners

Fareigners
Al

Al
Fareigners

Al
Al

Al
Fareigners




Eurostat definition: immigration

"Immigration” denotes the action by which a
person establishes his or her usual
residence In the territory of a Member
State for a period that Is, or Is expected to
be, of at least 12 months, having
previously been usually resident in another
Member State or a third country;

[Can we tell who Is a migrant until 12
months have passed after person moves?]
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Eurostat definition: emigration

"Emigration” denotes the action by which a
person, having previously been usually
resident in the territory of a Member State
ceases to have his or her usual residence
In that Member State for a period that Is,

or Is expected to be, of at least 12 months;

2011-06-08
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Eurostat definition: usual residence

"Usual residence"” Is the place at which a
person normally spends the daily period of
rest, regardless of temporary absences for
purposes of recreation, holiday, visits to
friends and relatives, business, medical
treatment or religious pilgrimage, or, In
default, the place of legal or registered
residence.
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Predicted M(l,],t) =

(population of origin)®-€5(area of origin)°-41
*(population of destination)?-35(distance)°-%/
*(1.0038)year

*Indicator variables for origins & destinations
*Indicator variables for data sources.

Area of destination & (year)? are not
statistically significant predictors of migration.

[What is connection between M(i,},t) & definitions?]
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Nobody migrates from or to empty
countries.

Predicted M(i,},t) ~ (population of
origin)®-8*(population of
destination)®-3°,

If population of originA O or population
of destinationA 0, then M(i,],t)A O.

[Depending on coefficients, population of

origin could still be exhausted by emigration,
because time Is discrete In this model.]
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Origin population size affects
migration 3x more than origin
population density.

(population of origin)%-86(area of origin)-0-21
= (population of origin)®-%°
*(population density of origin)*%-2%

Area & population density of destination are
not statistically significant predictors of
migration.
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How much of the past matters?

For a variable initial year & a fixed terminal
year 2004, parameter estimates appeared

stable.

Multiple R? of log migrants improved with
recency of data.

R2=0.57 for d
R2=0.59 for d
R2=0.61 for d

R2=0.64 for d

2011-06-08

ata from 1960-2004,
ata from 1985-2004,
ata from 1995-2004,
ata from 2000-2004.
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How much uncertainty remains?

lalf the time, observed numbers of migrants
were 0.37 to 2.76 times predicted number
of migrants, I.e., within a multiplicative
range of ~7.5 =2.76/0.37.

At extremes, observed number of migrants
was >1000 times smaller or larger than
predicted number.
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How to predict migration from
Kenya to Bolivia?

Neither Kenya nor Bolivia contributed data
to this study.

So use measurable attributes (population
Size, area, distance, no common borders)
of Kenya as origin & Bolivia as destination
as the values of independent variables in
the fitted model, which draws on all the
reported data.
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What | o0d do di f{

Classify all countries as North or South
(using objective measures).

Add a dummy variable = 1 when origin is In
South, otherwise 0.

Add a dummy variable = 1 when destination
IS In South, otherwise 0.

Test both for significant contribution to fit.

Forecast South-South migration setting both
dummies = 1.
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Paper 2

nNDeter minants of | n
Flows Beyond Gravity: A Panel Data
Approacho by Kim &

Data sources:

International Migration Flows to & from Selected
Countries: The 2008 Revision (UN Pop. Div.)

0demobased of UN Popul at i

Geographical & historical information: Centre
d'Etudes Prospectives et d'Informations
Internationales (CEPII, French research center
In international economics).
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Questions

Should inflows to wealthy Western countries
be modeled same way as outflows?

Is the assumption of uncorrelated residuals
better than alternative error structures?

How much do other demographic features
besides population size influence
migration?

How much do social & historical factors
iInfluence migration?
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/7,658 observations, 1950-2007

Time-series data on legal migration flows
reported by 17 national agencies

Destinations: Australia, Belgium, Canada,
, Denmark, , France,
Germany, , , Italy,
, Spain, Sweden United
ngdom United States

Origins: above except Canada, France,
Spain, United States
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Additional demographic variables
for destination & origin

potential-support ratio (PSR) = number of
persons 15-64 / number of persons 65+,

iInfant mortality rate (IMR),

proportion urban,

life expectancy at birth (ultimately not used),
fraction of population aged 15-24 (not used),
refugee stock of rich destinations (not used).

2011-06-08 Joel E. Cohen 34



Geographic variables

Added 0-1 variables:
landlocked origin, landlocked destination
Retained.:
area of origin, area of destination
distance between capital cities
shared border
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Social & historical variables linking
origin & destination: 0, 1 values

commonof fiI ci al | anguage
of population

9% minority speak same language

colonial relationship if 2 countries had a
relatively long colonial or post-colonial
relationship where former colonizer

substantially participated in governance of
colonized
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Alternative regression methods

ordinary least square (OLS)
log,, of all positive variables
standardized (mean O, variance 1) for beta
generalized estimating equations (GEE)
Independent residuals
exchangeable residuals
autoregressive 1st-5" order residuals
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Which predictors matter most?

Variable Inflow Outflow
coefficient coefficient

0g pop of dest. 0.601 0.372
0g pop of origin 0.728 0.936
og IMR of dest. 1.007 -0.783
og IMR of origin -0.466
og distance -0.819 -0.660
log area of dest. 0.234

38



Compare 3 models In 2 studies

coefficient K&C K&C C et al.
Inflow outflow 2008

log pop destination |0.601  [0.372 0.360

log pop origin 0.728 |0.936 0.863

log distance -0.819 |-0.660 -0.969

adjusted R 0.635 |0.064 0.569

meansquared 0435 |0.375  |0.484

residual

observations 48,832 (28,826 43,653 "




net migrants per 5 years (millions)

et migration to developed countries

/\ How plausible is this?

Could models do better?

United Nations Population Division,
World Population Prospects 2010,

estimates & medium projection

o0

——estimated

-#-projected

V I | |

50 2000 2050 2100

year (first year of 5 year interval)




Questions answered

Should inflows to wealthy Western countries be
modeled same way as outflows? No.

Is the assumption of uncorrelated residuals better
than alternative error structures? Yes.

How much do other demographic features besides
population size influence migration? Infant
mortality rate matters more than potential-
support ratio (15-64/65+); both matter.

How much do social & historical factors influence
migration? Substantially, but less than
demographic & geographic factors.
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South-South migration

This model & earlier model can predict

migrant outf
Kenya & Bo
Kenya & Bo

ows from rich countries to
Ivia & migrant inflows from
Ivia to rich countries.

Does 2d model do a more refined job?

The earlier model can predict migrant flows
from Kenya to Bolivia & vice versa.

2011-06-08
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What | o0d do di f{

All inflows had destinations in North. All
outflows had origins in North.

Classify countries as North or South.
Add dummy variables to distinguish N or S.
Test dummi es for cont |

Compare parameters for N-N flows in inflow
& outflow models.
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Future work

Get additional data for other countries & years.

Evaluate indicators for traditional sending &
receiving countries.

Embed migration model in projection model.

Distribute projected migrants by sex & age
distributions of migrants.

Study asymptotic behavior of projection
models with embedded migration model.

Harmonize migrant definition & measurement.
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Thank you! Questions?
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