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Gravity Models of Internal Migration — the Czech
Case Study

Monika Jandova — Tomas Paleta

Abstract: In this paper, the models of internal migratidows between regions
(NUTS 3) in the Czech Republic in time series fro@91 to 2012 are tested. The paper
aims to find out how size, distance and economitakées explain migration flows
between Czech regions. Several versions of an eéetegravity model were used for
testing, where economic factors which are freqyemitntioned in literature on migra-
tion were used as regressors (i.e. average wagisteed unemployment rate, job va-
cancies and job vacancies per applicant). Intemgtation flow is the dependent varia-
ble. In comparison to the pure gravity model, tkieeding of models with the econom-
ic variables improves the results of the modely afightly. The results show that the
highest explanatory value of migration is givenrhgdels with rates of the variables
tested.

Key words: Gravity model, Internal migration, the Czech Ry Economic incen-
tives

JEL Classification: J6, J61

Introduction

Migration is an important determinant of economiovgth and enhances labour force
utilisation efficiency, both on the internationaldanational level. Results from the na-
tional analysis could contribute to verificationrafgration theories, to identification of
potential differences between international andonat determinants of migration and
can become the groundwork for regional economicpol

Gravity models are simple but useful tools usedneny fields — from geography to
international trade. Besides that, gravity modeid #heir variations are among the
methods most frequently used for determining ingestto move in studies focusing on
migration, both international and interral.

The work of Lewer and Van den Berg (2007) congtiuthe fundamental inspiration for
our gravity model of migration. The authors found that in conformity with interna-
tional trade, migration is driven by attractivene$sndividual regions, which is in the

! Both authors are assistant researchers at thertbegrd of Economics, Faculty of Economics
and Administration, Masaryk University. Contact eef: Lipova 41a, 602 00 Brno. E-mail:
jandova@econ.muni.cz and paleta@mail.muni.cz.

2 When we use the terinternal migration, it meangter-regionalmigration.



case of migration flows measured by the wage diffee. Besides, they assumed that
number of inhabitants was crucial, too, which wastified by two reasons: i) the more
people in a source region, the more people ardylicemigrate; and ii) the larger the
population in a target region, the larger the labmarket for immigrants. Finally, their
last inspiration with trade is associated with alise (for more details see Lewer and
Van den Berg, 2007).

Many modifications of gravity models can be foumdliterature. Crozet (2004), for

instance, proved that migration flow between twgioas increased first with wage

difference and a probability to find a new job itaaget region, second with the size of
a target region, and decreased with the distantveska these regions.

In our analysis only migration itself is coveredhish means movement of inhabitants
from one region to another that is related to chap@ permanent address. Migration
without official changing of a permanent address@mnmuting is not involved even if
it seer;\s to be a quite important part of flow dfahitants (especially in case of labour
force):

We follow our previous work (Jandova and Paletd, 12®r Paleta and Jandova, 2013)
in our models. Our previous models proved signifaeaof both gravity and economic
determinants of migration but since there was stithe space for testing new determi-
nants, their results were not sufficient enoughwNihe aim is to find out if the extend-
ed gravity model of internal migration with somenneariables is capable of explaining
migration flows between Czech regions (NUTS 3) dretBesides, we find out what
kind of variables (which means whether absoluteieadifference or ratio) shows the
most statistically important results. The resuft®ur model can answer the question of
what is the most important incentive for a migramitether she/he moves on the basis
of absolute values of the variables, their diffeesror their ratio. Moreover, results can
be used as a guideline or a methodological toofymtber research in internal migration.

The Starting Point for a Gravity Model

The original version of the Newton's law of gratiia is that there is an attractive force

between two physical objects that is indirectlygodional to the square of the distance
between them, and directly proportional to theilssmdn non-physical applications, the

distance can be measured in kilometres, time aepend the mass is usually replaced
by a number of inhabitants in a region.

In one of our previous papers (see Jandova andaRPa@11), we tested solely the gravi-
ty variables based on the Newton’s law of gravity:

log(MFy) = o + & (POB) + @,(POP,) + ay(DIST:) @

in Whichlog(MFij) is a logarithm of migration flows from a sourceadarget region;
POP; is a number of inhabitants in a target regiB@p; is a number of inhabitants in a

3 Its extent could be only estimated, especiallypasis of survey questionnaire.



source regionDIST;; is a distance between capitals of regiansis a constant; and
a4 3 are coefficients.

The results for the period of 1991-2009 were ggétiEsfactory; both “gravity” variables
proved to be important determinants of internal ratign in the Czech Republic. Spe-
cifically, the result was that each kilometre o$tdhce decreased migration flows by
0.635%. The influence of region sizes was provedelk regardless of the fact if it was
a source or a target region. It was shown that latipn growth of 100 thousand inhab-
itants increased migration flows by 14%.

Our model was inspired by models dealing with iméional migration. Although some
of the determinants of international migration (éagguage or culture) are absent in the
decision-making of an “internal migrant”, we sup@dkat there is no difference in the
fundamental incentives to move. We built our maoiethe gravity migration model of
Lewer and Van den Berg (2007) mentioned above.ridggiation was:

Imm;; = ay + a, (pop; -popj) + az(relyij) + a3(distij) + a4(st0ckl~j) 2
+ a5LANGL-j + asCONTl-]- + a7L1NKL-j + ul-]-

in which Imm;; is a logarithm of immigration to a target regigop; - pop; is a multi-
ple of population sizesiely;; is a ratio of per capita incomes between a taaget a
source countryidist;; is a distance between regiomsyck;; is a number of source
region natives already living in a target regiongddinally LANG, CONT andLINK are
dummy variables for pairs of regions that shar@mroon language, a contiguous bor-
der and colonial linksg, is a constant; ang, -, are coefficients.

In the view of the fact that their model was dedi$er international migration, we had
to do some important modifications to better fitehmal conditions (see Jandova and
Paleta, 2011). First, we removed irrelevant vagatduch as common language, coloni-
al relations, contiguous borders and a number Wemfrom a source region. Moreover,
we replaced Lewer and Van den Berg's equivalemads — GDP per capita — with an
average wage because it seemed to be a more impdeierminant of internal migra-
tion than GDP itself. On the other hand, we weraravwof the fact that GDP per capita
and an average wage for a particular region washhigprrelated — at least in the Czech
Republic. Our equation in Jandova and Paleta (2@4A%)formulated as follows:

log(MFyj) = By + B (POP;) + B, (POP,) + B3(W;/W;) + B.(DIST;;) (3)
+ Bs(U;) + Bs(U;) + B;(FWP; — FWP,),

in whichlog(MF;;) is a logarithm of migration flows from a sourceadarget region;
POP; is a number of inhabitants in a target regib@p; is a number of inhabitants in a
source region; /W; is a ratio of wages between a target and a soegien;DIST;; is

a distance between capitals of regidiisis a rate of unemployment in a source region;
U; is a rate of unemployment in a target regiBW,P; — FWP; is a difference between
job vacancies in a target and a source regigiis a constant; angl, , are coefficients.

This economic model, which was tested on the dettfos years 19912009, seemed to
be more exact than the gravity one. On the othed heconomic variables did not prove
to be as significant as we had supposed. The groWvthe unemployment rate by 1
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percentage point in a source region increased togrlow from that source region by
2.4%, and contrarily, decrease of unemploymenthim target region intensified the
infow of migrants by 1.9%. In the case of wageiardietween regions, the model
showed that the increase of wage ratio of 1 peagenpoint increased migration by
27%, however, the reliability level was lower tharthe case of previous variables.

Finally, we built our model on Paleta and Jand@®@L8), where modifications were as
follows:

log(MF;)) = Bo + By(Wdiff;;) + Bo(UNdiff;;) + Bs(JVdif fi) (4)
+ B, (gravity).

In the equationlog(MF;;) is a logarithm of migration flows from a sourceadarget
region;Wdiff;; is the average wage in a target region minus &mage wage in a
source region/Ndif f;; is a registered unemployment rate in a targetoregiinus a
registered unemployment rate in a source regiod;@dif f;; is a number of job va-
cancies in a target region minus a number of jalameies in a source regiogv;avity

is our combined variable of size and distarfizgs a constant; ang,_4are coefficients.
Since distance did not vary within the time andéfare could not be used in the panel
data model directly due to its full collinearityeveonstructed a new variable based on
the Newton gravity law. In our casgravity equals to a population size of a source
region (in thousands) which is multiplied by a plapion size in a target region and
divided by square of distance (in kilometres) cé tiegions’ capitals. The coefficient
could be interpreted as an inter-regional “graeiystant”, which must not be mistaken
for “gravity force”. It is impossible in this cagd constructed regressor to distinguish
whether the influence is bigger for distance ordiae; only joint influence can be tested.
When interpreting the “gravity constant”, it is essary to bear in mind that the inde-
pendent variable is in the log form.

In compliance with our model in Jandova and Paf@2€ill), we took into account a
difference in job vacancies between regions. Simeeassumed that the difference is
what people motivate to migrate, other variableseweodified into a form of differ-
ence.

The results of this model proved that all threeneeoic variables included (i.e. wage
difference, unemployment difference, and differeimcpb vacancies) were statistically
significant. The question is which other econométetiminants of migration are suitable
as a supplement to our model. The problem of lamg unemployment suggests that
the probability of finding new job could be moregartant than we had assumed.

Incentives to Move — Theory and Evidence from OtheModels

According to the oldest neoclassical macroeconaimémries migration is caused by
geographic differences in the supply of labour dedhand for labour (Masey et al.,
1993).



Generally speaking, migration is determined by pasti pulls factors. In accordance
with neoclassical microeconomic theory, Price ()9&ated that people move in order
to improve their standards of living, both economitl sociaf. From this point of view,
people who have decided to migrate choose a reageaciated with the maximum net
benefit from migration (Greenwood, 1974).

Wage difference (see e.g. Massey et al., 1993)eésad the most important pull factors
used in macroeconomic models of migration. Thiseeinant was simultaneously
confirmed by both models we dealt with previoustythe case of the Czech Republic it
is not surprising as e.g. Fidrmuc (2004) and Lualef2006) proved that internal migra-
tion is strongly correlated to average wage. Thiwly it is unreasonable to reject this
variable from our model.

Push factors are commonly represented by a high chunemployment in a source
region and/or a job loss of a migrant. Migrants sxdsom regions with high unem-
ployment to regions with employment prospects (fige, 2004). Moreover, according
to Boeri and Scarpetta (1996), regional unemploynaéiferentials were larger in the
Czech Republic (and other transition countrieshtimathe EU-12. Both of the determi-
nants stated above, i.e. a wage level and an uogmpht rate, represent possible im-
portant migration incentives but they are not timly mnes (see Peker, 2004). Wage
difference as an attractive force can be overweldhea low probability of finding a
job. Todaro (1968 in World Bank, 2007) explainedtth 70 percent wage difference
has a small impact on migration if the probabitfyfinding a job is low (he stated one
to fifty). In the case of the Czech Republic, StB99) found out that migration is corre-
lated, besides other things, to differences ingpportunities. Paleta and Jandova (2013)
represented the probability of finding a new jobabgifference in job vacancies. Unfor-
tunately, this variable did not reflect number ppkcants, which is why modification
of the variable seems desirable.

Distance of regions is another factor determininglbngness to migrate. According to
Price (1949), for instance, we can expect thatnin@ber of migrants decreases with
increasing distance, but only in the case of unifapportunities. On the contrary,
Drobne and Rajar and Lisec (2013) discovered th#ebtransport and working condi-
tions (i.e. flexible working time or work from hombave a significant positive effect
on our decisions related to commuting instead ajrating. From this point of view,
distance does not seem to play as important roeefase but the final impact on migra-
tion is the same.

In total, many authors of empirical studies focupeidharily on wage difference and a
rate of unemployment, and a distance as factoesmé@iing migration costs (see Borjas,
2010). Besides, we have to admit that there is sewdence confirming the signifi-

cance of labour force characteristics (i.e. skMshmen, 2011; or Srb, 1999), risk aver-
sion (WB, 2007), ownership of houses (Oswald, 1986 (Vavrejnova, 2004), sex or

* The neoclassical microeconomic theory of migrapoesumes that rational individuals decide
to migrate because a cost-benefit calculation (Masal., 1993).



family status (Dennett and Stillwell, 2008)). Thesaio-demographic variables were
confirmed as incentives for internal migration imetCzech Republic as well (see
Vajdové, 2002; Fidrmuc and Huber, 2007; or DrbohtE®90). A survey on migrants’

incentives described in Vajdova (2002) demonstratddw significance of economic

factors; it revealed that an effort to find a nedb jaccounted for only about 13-17%.
Unfortunately, socio-demographic data are curremiccessible from the official re-

sources, which is why we cannot include them intoraodel.

Method

As was already mentioned, this paper is a followgeuour previous work published in
2011 and 2013 (see Jandova and Paleta, 2011; etaReadd Jandova, 2013). We extend
the data set with new time series (for the year22OWnless stated otherwise, Czech
Statistical Office (CZSO) is the source of all tth@ta used. Migration data have been
collected from various issues of statistical yealso regional division CZSO websites,
archives or specific yearbooks focused on migration

Unlike the previous papers, we have tested seddfatent models with different vari-
ables this time. Our primary question is whethespgbe take into account values, differ-
ences or rates of involved variables. If one of madels gives substantially better re-
sults, we could make a conclusion about what kihdata people take into considera-
tion. We have tested all models on panel datah®régions of the Czech Republic. The
length of the time series differs according to kiiity of the data (see Table 1).

On the basis of theoretical literature and previ@asearch we formulated the following
hypotheses considering the regressors:

1) Wage difference is a factor forcing the migratie the higher the difference (target
minus source), the stronger motivation to migr&te expect the coefficient in model
results to be positive (both in case of differeand ratio);

2) Unemployment rate difference is a factor preiventnigration — the higher the dif-
ference (target minus source), the stronger madinahot to migrate. We expect the
coefficient in the model results to be negativetlftio case of difference and ratio);

3) And the same as for wage difference, differeinca number of job vacancies is a
factor forcing the migration. We expect the coeédfitt in the model results to be posi-
tive.

At the very beginning, we test the “pure” gravitypdel, looking for the influence of
size (population) and distance only. We use tharitlyn of migration flow between the
regions as the dependent variable in all modelsegmted. The logarithm helps us avoid
possible heteroscedasticity problem; in additioitti is also better for model interpre-
tation.

The pure gravity model equation is as follows:

® The collected data set can be provided on request.



log(MF;;) = ay + a;(gravity) (5)

Such a starting point allows us to compare thai@rfte of additional variables. In turn
we built up five models with different regressors.

We use the same approach as in Paleta and Jariih@) (n the first extended model

(6); see above for description of variables. Weinge-regional differences because we
suppose that the difference is what the migrams tato account. The extended gravity
model equation can be formulated as follows:

log(MF;) = Bo + BL(Wdif f;) + B(UNdif f;;) + Bs(JVdif f;) (6)
+ B, (gravity).

We used the same variables as in (6) in our nextein@) but in a different form. Now
we did not deal with differences, but rates instead

The extended gravity model with rates has the fdhg equation:

log(MF;}) = xo + x1 (Wrateji) + )(Z(UNrateﬁ) + x3 (]Vrateji) (7
+ y.(gravity).

The additional variables are as followBrate;; is a rate of wages in a target region and
a source regionjNrate;; is a registered rate of unemployment in a targgibredivid-

ed by a registered rate of unemployment in a sotggeon;/Vratej; is a number of
reported job vacancies in a target region dividgé mumber of reported job vacancies
in a source region; argiravity is the same combined variable of population sz a
distance as in the previous model (6).

Our third extended gravity model (8) tested theugalof variables for both target and
source region. We involved tlggravity variable, too. The equation of extended gravity
model with values is as follows:

log(MF;;) = 6, + 6,(gravity) + 52(Wage]-) + 8;(Wage;) + 64(]1/]-) (8)
+ 65 (UN)).

Quite a lot of variables proved to be statisticéigignificant in this model, which was
the reason we omitted them. The following variablese significantiage;, i.e. wage
in a target regionage;, i.e. wage in a source regigil;, i.e. job vacancies in a target
region;UN;, i.e. rate of registered unemployment in a targgion; andgravity.

We add another variable into the last two models:\jacancies per applicant, first (9)
in a difference, and second (10) in an absoluteevédrm. This variable can be used as
another (and probably better) proxy for probabibfyfinding a new job, than only job
vacancies numbers. Since the time series of the aailable includes only 11 years,
we do not incorporate this variable in our previousdels (6, 7, 8). Instead of that, we
build two separate models with this variable (9. 10

log(MF;j) = &, + & (gravity) + &,(JVAPif f;;). 9



In the model in a form of differences (9dif f;; andUNdif f;; prove to be insignifi-
cant. Onlygravity and/VAPdiff;; are statistically significant, whef&€APdiffj; is a
number of job vacancies per applicant in a targeuma number of job vacancies per
applicant in a source region.

The equation for the absolute value form is aofed!:
log(MF;)) = @o + @1 (gravity) + ¢, (UN)) + ¢3(JVAP;). (10)

In the last model (10), variablé;, W; andUN; were insignificant, such as was the
number of job vacancies per applicant in a soueggon (VAP;). The number of job
vacancies per applicant in a target regidii@;), UN; and agairgravity were the only
significant variables.

In order to estimate the results, panel data madtél fixed effect was used. To avoid

the problem of autocorrelation and heteroscedastige used robust standard errors
(HAC) estimation. We also used log form of dependeamiable to deal with heterosce-

dasticity, and also because of more convenientgregation.

The model for the Czech Republic as a whole indut®?2 cross-sectional units (migra-
tion flows to and from the same region are omittedg length of time series varies
between 22 (1991-2012) to 11 (2002-2012) becauganavailability of any older
data. The summary of the results of our modelssislayed in Table 1.

As we can see, the gravity coefficient is positiveall cases, so we can confirm that
gravity matters in the case of internal migration in tlze€h Republic. The pure gravity
model, based only ogravity, has quite a high coefficient of determination, ahe
coefficient forgravity is (logically) highest in comparison with other tegs models.
The high R could be explained either by: i) high importanégoavity, or (and) ii) by
stability of migration flow in the period under @rsation, which gives only little sig-
nificance to our variables. The second explanati@mtioned is also confirmed by the
results of the other models. Additional variablemiove Ronly slightly and the rele-
vance of the variables tested is quite low. In nhdég for example, the CZK 1000
difference in average wage explains only 0.03 %ndjration flow; one percentage
point difference in unemployment rate influencegnaiion only by 1%; and job vacan-
cies difference of 1000 influences the migratiaow$ only by 0.6%. Such results are
almost the same as in our previous work (see Patetalandova, 2013).

At the first glance, explanatory value of the cmééhts in model (7) is much higher.
For example increase @frate (i.e. wage rate) by one increases migration byd.30
But such an increase would require bigger wageeuiffces than those that actually
occur in the Czech Republic (an increas#/ofate from 1 to 2 would require doubling
of wage level in a target region). However, we say that rate plays a more important
role as the factor of migration than the differedoes. The model with values (8) also
has high R and most of its variables are significant. Itplaratory value, nonetheless,
is as low as that of the model (6).

10



Table 1 Results of the Gravity and Extended GravityModels for the Czech Republic

Model — .
Independent ravity i ates values
1 Gravity 5)  Diff(6) Rates (7 Va(g‘)es JV’(*;d'ﬁ JVAPvalues (10
variable
ot 527 527 392 512 534 553
@TO)™  (166O)™* (15.21)™* (2084)™ (428d)™ (1493
Wrateji - - ! '3***
(5.08)
o 0.0003
Wdiffi(1000) - 2 - i INS .
., 0012
UNrate;i - - (-2.24) - - -
. 001
UNiff . By i INS .
,. 0.054
e - 0 00;3006 o - - -
JVd|ff]| - (Y261 )*** - - - -
S 000020 000019 000023 000017  0.00015 0.000177
y (1 0.09)*** (6.14) *k%k (5.4)*** (2.7)*** (1 6.65)*** (1 1 .28)***
o 0079
JVAPif - - : . (195 -
0,000038
Wt - - - aEne INS
-0,00002
Ws - - N ver B INS
, 0.000015
‘JVJ - - - (12.9)*** - -
Wi - . i INS : .
, 002
UN; - - © e INS
, 0024
UN; - - i INS yr
, 0.17
JVAPJ = = (4.71 )***
JVAP, . - i i i INS
R? 0.94 095 09 09 0.96 0975
Observation/ 4004(22) 362020 2912116 3640120  1991/11 2002111

Note: In the case that some variables proved tansgnificant, they were removed from the
model (and market as INS in the table). The sigr(fdthout any value) means that a particular
variable was not used it the particular model. Rred are results of models where insignificant
variable(s) were omitted in the final calculation.

Source: Own calculations (using Gretl software)

The last models (9) and (10) are tested on a shtime series, so they are not fully
comparable with other models. Nevertheless, thesults are interesting. Adding a
number of job vacancies per applicant as a variafallkes most of other variables insig-
nificant, and it also increases théifRthe case of model (10). This could be intermtete
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in such a way that probability of finding new jabvery important factor for migration,
and is even more important than potentially highage.

We tested several gravity models of internal migrain the Czech Republic in our
paper, estimating parameters of our models on déneldata. The aim of the paper was
to find out what economic variables are decisiveifder-regional migration flows in
the Czech Republic and what form (difference, ratioabsolute value) has the most
statistically significant results.

The data set was used with awareness of theirddritformation capability, when a
part of labour force move is not associated witbhange of permanent address, and
furthermore a part of migrants changing a permaaddtess is not forced by economic
incentives. Up to 22-year-long time series weredugeom 1991 to 2012) in order to
find out what form of economic variable migrantkgdanto account. The results of the
model suggest that migration is best explaineddtips of variables. Differences and
values of variables have quite a low explanatoftye/alt can be interpreted that a mi-
grant seems to be more interested in a questidhosd many times” (represented by a
ratio) than in “how much” (represented by a diffeze). This finding can be used as a
starting point for an international comparisonrgérnal migration.

Gravity, a combined variable of size and distance, creatamrding to the Newton
gravity laws, explains the migration well, too. Bks of the model suggest that eco-
nomic variables improve interpretation capabiliigigtly, and a large part of migration
flows seems to be determined by distance of regibes size or by other than econom-
ic factors that were not covered in this model (ttutheir inaccessibilitys.

Generally, our results are in conformity with thetigal assumptions and with most of
empirical evidence for international migration. Batthe case of inter-regional migra-
tion in the Czech Republic, the role of economidalzles seems to be weak. The re-
sults confirm conclusions from Fidrmuc (2004) andrfuc and Huber (2007), i.e. that
the economic factors have quite a low impact oarivdl migration flows in the Czech
Republic. Income (wage) and job vacancies per eppiiare the most significant eco-
nomic factors of migration. In the case of shotiere series (model 9 and 10) it seems
that the probability of finding a new job is vemportant factor for migration, and is
even bigger than the potentially higher wage (whg conformity with Todaro 1968
in World Bank 2007).

The unemployment rate has only small impact onntigration flows. This conclusion
is in contrast with that of Boeri and Scarppeta9@)9who stated that net migration
flows are indeed negatively correlated to unempleym

Finally, we have to admit that there is an opposiéad, especially in the vicinity of
Prague, where inhabitants change the permanenéssidnd move to ther8tlaiesky

kraj (Central Bohemian Region) without actually ibag their jobs. The quite heavy
migration flow from Prague weakens the role of exuit factors in the results of our

6 Especially social factors (see e.g. Fidrmuc anddidu2007).
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models. We can expect a stronger real impact ofi@oic variables than expressed in
the results of our model.
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