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I. MOTIVATION

• Interested in the formulation of migration models.

• Migration modeling has been applied to both, micro and macro-levels (Aleshkovski and 
Iontsev 2006):

- Micro approach focuses on the migration behavior of individuals or households 
based on disaggregated data usually delivered by surveys. They are costly to collect or 
inaccessible.  Tool: Discrete choice models.

- Macro approach studies the patterns of migration of certain social groups 
within a given territory.  Choice data is aggregated across groups of  individuals in the form 
of counts or shares. Easier to obtain.  Tool: Gravity or interaction models. 

• Our database follows a macro approach = 

We propose a PROBIT CHOICE MODEL but for GROUPED-DATA flows, due to some 
important specification problems of the standard spatial interaction models of flows 

(LeSage and Fischer 2010).
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1I. GPROBIT: AN ALTERNATIVE
1I.1. Specification

od od odP up= +

Adding up the independent probabilities for all the individuals who move from o to d. 

od
od

o

M
P

R
=

( )od odF xp b¢=

GProbit = Probit choice model for grouped-data flows.

Theoretical foundation: Random utility theory for aggregations of decisions (probabilities)
made by individuals who share a similar characteristic; e.g. living in a same region.

𝑦∗ = 𝑈"# − 𝑈"" = 𝑥$𝜃 + 𝑢
𝑃 𝑦 = 1 = 𝑃 𝑦∗ ≥ 0 = 𝑃 𝑈"# ≥ 𝑈""Individual:

Share, proportion (relative frequency) of people who migrate from o to d during a certain period (Mod) over 
the total resident population living in o ‘at risk’ of migrating during this same period  (Ro).
‘Meaningful estimates of interaction probabilities between OD pairs’ (Sen and Smith 1993)

Each of the group components ® ¥

Ro = Mod + Moo

Moo=‘stayers’+intra-flows Theoretical proportion
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1I. GPROBIT: AN ALTERNATIVE
1I.1. Specification #ii

od od odP up= +

( )od odF xp b¢=

( )od od odP F x ub¢= +
Non-linear GProbit model of flows

(Gourrieroux 2000, section 4.2):
Slutsky’s theorem on convergence in probability + Large number of group shares

1( )od od N d d o o odZ P X X Dai b b l e-=F = + + + +
Linear function GProbit
model of flows

( )od od odP x ub¢=F +

Can be linearized:

Dependent variable:
Inverse of the cumulative standard 
normal distribution of Pod

Regional (NUTS2) flows in 
Spain (2008-2012)

Regional (NUTS2) flows in 
Spain (2008-2012)
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1I. GPROBIT: AN ALTERNATIVE
1I.2. Solutions for model problems #i

Problem Spatial interaction model Gprobit model for OD flows

Non-normality of 
count-data

Instead of counts, log(counts)
(very frequent in the literature)

y=z: inverse cumulative standard 
normal distribution of flow shares

Dependent variable (Zod): inverse cumulative standard normal distribution of flow shares. 
Normality is assumed.
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1I. GPROBIT: AN ALTERNATIVE
1I.2. Solutions for model problems #ii

Problem Spatial interaction model Gprobit model for OD flows

Zero flows Instead of log(0), log(1+0)
(LeSage & Pace 2008)

z’s domain is 0-1 (zero is 
included)

Z = F-1(Pod)  ® Domain = [10–323, (1–2–53)].

Hence, the values of the dependent variable Z range 
from –38.449394 to 8.2095362.

Z = F-1(Pod) 
Domain = [0, 1] 

Zero is theoretically part of the domain Z values, 
because it is part of the shares (Pod):

In empirical apps. (STATA 2017), in order to linearize the 
model, the extreme values are:

Zeros are possible values for Z, but always 
problematic when presented largely in a variable.

2008-2012

156,420 flows
40% are zeros
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• We illustrate the performance of 
a GProbit model to estimate 
internal migration flows for the 17 
NUTS 2 regions in Spain taken 
from the EVR register, INE.

• Flows: (emigrants from o to d) / 
total o’s in/out-emigrants).

• We compare the performance 
and results of this model with the 
gravitational model using the 
conventional log transformation of 
flows for the dependent variable.
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III . EMPIRICAL ILLUSTRATION FOR MIGRATION 
INTERREGIONAL FLOWS ACROSS NUTS 2 IN 

SPAIN (2008 – 2012)



III . EMPIRICAL ILLUSTRATION FOR MIGRATION 
INTERREGIONAL FLOWS ACROSS NUTS 2 IN 

SPAIN (2008 – 2012) #ii
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. Data has been ordered 
according to the origin-centric 
scheme.
. Flows: emigrants from o to d 
/ total people of o who have 
changed their residence during 
this period (including intra-
regional movements).
. X: ‘push’ and ‘pull’ factors 
(ratio D/O values).
. D: log-transformed distance 
between the capital cities. 
. In gravity model: log 
transformation of flows.



GPROBIT: OLS
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IV. CONCLUSIONS

• Adjusted R2 takes a very low value, particularly for the gravity 
model estimation, which is in line with other previous analysis in 
the literature.

• Spanish interregional migration has long been resistant to 
traditional economic explanations., even to core variables of 
income and employment (Mulhern & Watson, 2009).

• The strong rigidity of the Spanish labor market, centrally 
controlled by the trade unions, and a very high national 
unemployment discourages internal migration (Bover & Velilla, 
1999) and instead promotes migration to other countries.
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IV. CONCLUSIONS

• Only a few push & pull factors explain internal migration flows
among Spanish regions.

• Physical distance in straight line from OD regional capital citiers
works better as a deterrence variable than travel time.

• Only socioeconomic agglomeration (population, house price and 
R&D investment), joint to climate variables explain internal flows
among the Spanish regions.

• Pending: : analyze different types of migration flows by gender, age
and nationality.  Additionally, we also would like to apply this
model approach to other kind of flow data.
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INE EXPERIMENTAL STATISTICS
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EUROSTAT EXPERIMENTAL
STATISTICS
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Figaro Tables of 
international & 
sectoral trade
flows (in 
current prices).

Regional trade
flows?
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