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Abstract

Migration has a principal influence on countriesbgulation changes.
Thus, the issues connected with the causes, efiedtglirections of people’s
movements are a common topic of political and agadeliscussions.

The aim of this paper is to analyse the spatiatritistion of officially
registered foreign migration in Poland in 2012. Gt®Is are implemented for
data visualization and statistical analysis. Geqguially weighted regression
(GWR) is used to estimate the impact of unemploymeges and other socio-
economic variables on the foreign emigration andhigration measure. GWR
provides spatially varying estimates of model pagtars that can be presented
on a map, giving a useful graphical representatibapatially varying relationships.
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1. Introduction

Agreements signed in the scope of the free movewofgmeople, which is
one of the fundamental human freedoms, are cuyrerspected almost
throughout the whole of EuropeNowadays the signatories of the Schengen

" Ph.D., University of Lodz, Faculty of Economicsdasociology, Department of Spatial
Econometrics

! http://ec.europa.eu/dgs/home-affairs/pdf/flipbog@dcessed on 21 May 2014).
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Agreement, under which border checks are gradahiblished at the signatories'
common borders, are twenty-two European Union gasts well as Iceland
and Norway. Switzerland and Liechtenstein are aatat with the Schengen
group. Cyprus, Croatia, Bulgaria and Romania akkisg membership. The
abolishment of institutional barriers has increasegration processes in Europe
leading to numerous positive as well as negativseguences. People’s migrations
affect, to a large extent, the sizes of populationSuropean countries. Therefore,
issues connected with causes, effects and directibthe movements of people
are becoming an increasingly frequent topic oftipaliand academic discussions.

Poland joined the European Union in 2004 and bedimesignatory of
the Schengen Agreement in 2007 but it was onlyOihl2and 2014 that the last
barriers to the free movement of citizens were ielited. According to
unofficial data, as many as 2.7 million Poles maychrrently residing abroad
Given the fact that those are usually young peaflen having higher education it
definitely poses a serious problem to the coulmgigration substantially exceeds
immigration. Along with Romania and Bulgaria, Palas characterized by the
lowest share of foreigners in the overall poputatio

Causes of migration are very complex and diffitoltlefine. Main factors
leading to the movements of people include enviremiad, psychological,
political, cultural and economic aspects. It shaoddemphasized that they can
co-occur (Bonifazi, Okolski, Schoorl, Simon 200813). For Poles the most
important ones are socio-economic aspects connadtbdseeking better living
conditions — stability, safety and better workingtare. The proximity of the
country of migration and historical factors areoalaportant (GUS 2013, p. 1).

The aim of this article is to analyse the spatiafribution of immigration
and emigratiohin Poland. The study was carried out on officiakygistrered
statistical data concerning poviats in 2012, phieics by the Central Statistical
Office. The first part of the study used geographformation systems tools for
the purpose of the visualization and preliminatat{stical) data analysis. Then,
an attempt was made to specify socio-economichiagdahat might significantly

2 As the last EU members, Germany and Austria opéesdlabour markets to Poles on 1 May
2011, while Switzerland — a signatory of the Scleenfygreement — did that on 1 May 2014.

3http://www.fronda.pl/a/kolejna-wielka-emigracja-pbw-w-2013-wyjechalo-z-polski-pra
wiepol-miliona,34385.html (accessed on 20 May 2014)

4 According to the Central Statistical Office: immaition — registration for permanent residence of
individuals coming from abroad; emigration — deigtegtion for permanent residence abroad.
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affect migration in Poland. The analysis of impagtsexogenous variables on
immigration and emigration applied geographicalsighited regression allowing to
identify variability of regression coefficients geographical space.

2. Foreign migration in Poland

Figure 1 shows immigration (inflow of people), enaion (outflow of
people) and net migration (difference between inmatign and emigration) in
Poland in the years 2007-2012. The largest volufrendgration was reported
in 2007 and 2008 when over 65000 people emigrated Poland. In 2009 the
volume of emigration markedly decreased; the trestinued in 2010 as well.
In turn, in 2011 and 2012, the variable showedrsickzrable rise again.

The inflow of foreign population ran at about 1508€ople per year; it
was only in 2009 that a slight increase in thaialde was observed. The net
migration was negative throughout the study periedhich meant that
emigration exceeded immigration. The largest diffiees between the inflow
and outflow of people were reported in 2007 and820Dhose significantly
decreased in 2009 to go up again in the final thyears of the study, in
particular, in 2012. Thus, it can be noted thatfitst substantial wave of Poles’
emigration occurred before the economic crisis,inghe years 2007-2008. At
present, when the economic situation of Europeamtces gradually stabilizes
and effects of the crisis subside, the second gr@wiave of Poles’ emigration
is observed. According to the reports publishedheyCentral Statistical Office,
a vast majority of emigrants from Poland residéhim countries of the European
Union, especially in the United Kingdom, Germamgldnd, the Netherlands
and Italy. There is also a rise in the number afpfe emigrating to Scandinavian
countries (GUS 2013, pp. 3-4). As for immigrant®simof them are citizens of
Ukraine, Vietnam, Russia and Belarus.
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Figure 1. Foreign migration in Poland in the 2007-Q12 period
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Source: own work based on statistical data of th&tr@eStatistical Office.

Figure 2 shows net migration for specific poviafsRoland between
2007-2012. In the first year of analysis a positiee migration occurred only in
50 poviats. The lowest value of the variable waseoled in the Opolski (-650)
and Gliwicki (-591) poviats, while the highest —\iarsaw (103) and Cracow
(91). In 2008 the number of spatial objects charatd by a positive net
migration rose to 61 and in 2009 it was as hig@B& At that time, the highest
value of the variable was reported in Warsaw (48 Wroctaw (422). In the
years 2010-2012 there was a gradual increase shtre of poviats with a negative
net migration. In 2012 a positive net migrationwoed in only 133 spatial units.
The lowest value of the variable was observed & @polski (-361) and
Strzelecki (-291) poviats, while the highest — irmMAw (255) and Cracow
(228). A map for 2012 shows a clear division intestéérn Poland characterized,
to a large extent, by a negative net migration, Bastern Poland where poviats
with a positive external net migration are located.
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Figure 2. Foreign migration balance in poviats in @07-2012
2007 2008

I:l negative net migration I:l positive net migration

Source: own work in ArcMap, based on statisticahdd the Central Statistical Office.
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3. GWR in migration analysis

The conventional approach to the empirical analydespatial data is to
build a global model that assumes homogeneousiofséay) across-space
relationships between dependent and independeiatbies. It means that the
same stimulus provokes the same response in at pérthe study region
(countries, voivodeships, poviats). The regressimumtion can be expressed as:

Vi = fo T X BaeXar T &5, 1)

where: yi - dependent variablg| - coefficients, xik — independent variables,
- error term.

However, in practice, the relationships betweeniatdes might be
nonstationary and vary geographically (Matthewsigya012, p. 152).

Locally linear regression, introduced to the ecaicotontext by McMillen
(1996), is a relatively recent modelling technidae spatial data analysis. The
techniqgue was extended and relabelled geographieadighted regression by
Fotheringham, Charlton and Brunsdon (1996, 19972p0Unlike global
regression models, where a single coefficient isnased for each explanatory
variable, GWR allows local variations (over spaite}hose coefficients to be
estimated. This method generates a separate regregsation for each observation,
that can be expressed as follows (Brunsdon, Fotterm, Charlton 1996, p. 284):

y;i = Bolupv) + 3 B (upv)xy, + =, (2)

where: (ui, vi) - coordinate location of i.

The estimator for this model takes a form of (Ciwax] Fotheringham
2009, pp. 5-6):

B’ = [XTWlu, v )X IXTWiw,, v,)Y, )

where:W(u;, ) - square matrix of weights relative to the pasitof (i, vi) in
the study area, XTW(ui, vi)X -geographically weigtit variance-covariance
matrix (the estimation requires its inverse to fxamed), Y - vector of the
values of the dependent variable.

The W (ui, vi) matrix contains the geographical gies in its leading
diagonal and 0 in its off-diagonal elements.
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wy (1, v;) 0 0
W, v;) = 0 0 (4)
ﬂ ﬂ W”(HE,T?E}

Each equation is calibrated using a different wenghof the observations
contained in the data set. The assumption is thsgreations nearby one another
have a greater influence on one another’'s pararestignates than observations
farther apart. The weight assigned to each observid based on a distance
decay function centred on observation i (Mennis&2@0 172).

GWR provides great richness of results that areallysyresented on
maps. As a minimum, this technigue produces paemedtimates and their
standard errors at the regression points. If teession points are the same as
the sample points, GWR also produce fitted valeegtie dependent variable,
residuals and standardised residuals. Some impletr@ms output local
goodness-of-fit measures and influence statistiasetd on the hat matrix
(Charlton, Fotheringham 2009, p. 9). Mapping GWRIlts facilitates interpretation
based on spatial context and known characterisfitee study area (Mathews,
Yang 2012, p. 155).

GWR is a tool which is more and more often usedemographic as well
as socio-economic research. In particular, in asyrelated to healthcare —
incidence of diseases and access to medical ser(idakaya, Fotheringham,
Brunsdon, Charlton M. 2005; Young, Gotway 2010; ®em Brunsdon,
Radburn 2011, Kisiala 2013), environmental protectfFoody 2003; Gilbert,
Chakraborty 2011 ), real estate market (Yu, Wei, 2007, Cellmer R. 2013),
population density (Lo 2008), poverty (Benson, Chartin, Rhinehart 2005;
Partridge, Rickman 2007) and migrations (Byrne,i®@004; Jensen, Deller
2007; Jivraj, Brown, Finney 2013).

In their article entitled Spatial Modeling of theigviation of Older People
with a Focus on Amenities, T. Jansen and S. DEXed7) presented results of
an analysis of the impact of selected factorsuiiclg amenities connected with
natural resources of regions (i.e. access to fr&stes) and climate conditions,
on the migration of the elderly in the United Sgaf€he study was conducted on
statistical data concerning 3,072 spatial unitstfits) in the years 1995-2000.
The results of the analysis suggest that older anigr cannot be treated as
a homogenous group and amenities (e.g. warmer agathtural and historical
attractions) have a significant impact on explaintheir migration decisions.
The amenity measures used in that study had distidiéferent implications for
the dependent variable in individual localitieseTBWR estimates were more
efficient than those of the OLS for all presententigis.
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In the article entitled Modelling Internal Migratio Drivers with
Geographically Weighted Regression, G. Byrne andPdgzt (2004) described
results of the spatial analysis of internal migmatin Australia having a major
impact on a rise in the country’s population. Th&/& method was used to
estimate the effect of factors such as unemploymemise prices and other
socio-economic variables on the internal migratroeasure. The study was
carried out on statistical data concerning 203sttedl local areas in Victoria,
with attention restricted to the regional centréefdigo in Victoria. The results
presented in the article support the view thatdffects of internal migration
drivers are spatially non-stationary. That is wigadl model estimates were
more efficient than those of the global model. Bpatariations in the model
parameters where presented on maps and charadtémizgetail. The results
showed inter alia that high migrant flows are coticged immediately South,
West and North-West of Bendigo, flows from the rexar of Victoria are
relatively small.

4. Preliminary Analysis of Statistical Data

The foreign migration (emigration and immigratioir) Poland was
analysed from the spatial perspective based orstgtat database built on the
basis of information available at the Local DatanBaf the Central Statistical
Office, published on the official website of thefioé. Statistical data was
collected for 379 poviats of Poland in 2012. Majeterminants of creating the
database were both, reasons pertaining to the gubggter and availability of
data at the time of carrying out the study. Regiobit not all variables needed for
the analysis of foreign migration are availablesjpecific poviats (e.g. GDP).

Figure 3 presents immigration and emigration volsinier specific
poviats in 2012. Maps clearly show that the greatamber of people who left
Poland to permanently reside abroad was reportéteirsouth of the country —
in the Slaskie, DoInglaskie and Opolskie voivodships as well as in f&da
Warsaw and L4z On the other hand, no emigration was noted inttitgeski,
tosicki, Poddbicki and Choszczsski poviats. It can be observed that the
population residing in the Western and Northernt pdrthe country is more
mobile. The highest number of immigrants settlecbig cities, i.e. Warsaw,
Wroctaw, Cracow, Gdesk, Gdynia and Biatystok. No immigration was repdrt
in the Ltosicki, Podebicki and Sierpecki poviats. Foreigners most wijlsettle
in the Southern and Northern borderlands of thenttguless often in Central
and Eastern Poland.
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Figure 3. Emigration and immigration in Polish povids in 2012
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Source: own work in ArcMap, based on statisticahdd the Central Statistical Office.

Both variables are characterized by high spatialatsdity and positive
global autocorrelation. In 2012 Moran’s statistar immigration was 0.08,
while it was 0.26 for emigration (received reswdte statistically significant).
The local statistic for immigration indicates that values of the variable group
in poviats situated in the Kujawsko-Pomorskie, Maiezkie and Lubelskie
voivodships. As for emigration, the local statishdicates that low values of the
variable group in poviats located in the Mazowiecknd Lubelskie voivodships,
and high values — in the Opolskie voivodship.

5. Modelling of Foreign Migration in Poland

The analysis of foreign migration in Poland in 20@&s conducted using
two econometric models describing immigration andgeation. The first step
in examining the impact of selected socio-econovaicables on the values of
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dependent variables was to create global modelsal Fmodels, whose
parameters were estimated using the OLS methodhleddllowing form:

31 = 20,0619 + 0,1460LOP + 0,0004LM + 0,1976M + 0,0051DB
(-5,5) (5,8) 14,00  (2,2) (3.3)

EM = —319,7660 — 0,3844M — 4,4567P5 + 4,2662K + 0,7811IM — 4,7531DG
(-3.3) (-2,6) (-4,7) (4.5 (17,9) (-3.4)

where: DB — poviats’ budgetary incomes per capit2012, DG — number of
individuals carrying out business activity per IfiGhe working age population
in 2012, EM — number of emigrants in 2012, IM — tu@emof immigrants in
2012, K — number of women per 100 men in 2012, LMwumber of the
population in 2012, LOP — number of job offers iA12, M — dwellings
completed per 10 thousand of the population in 268 share of the working
age population using social assistance in the ptdceesidence in the total
number of population of that age in 2012.

All model coefficients are statistically signifidanThe determination
coefficient for the immigration model is 73%, while is 59.9% for the
emigration model. It should be emphasized thattieen spatial autocorrelation
of residuals in both models.

As the next step, parameters of local models wstienated having the
same forms as for global models. Local regressierfficients descriptive statistics
for the immigration model are presented in Tabli éan be observed that median
values for specific parameters are similar to tesateived for the global model.

Table 1. Local regression coefficients descriptiv&atistics — immigration model

Variable Minimum Median Maximum
Constant -74,1470 -24,1943 20,1350
LOP -0,8078 0,0362 0,8355
LM -0,0001 0,0004 0,0013
M -0,8840 0,0652 1,6511
DBM -0,0109 0,0056 0,0309

Source: own work.

Table 2 shows statistics used to compare the glabdl local models
describing immigration in 2012. All measures indgiéicthe markedly better fit of
the local model to empirical data — both the deteation coefficient, which is
higher in the GWR model, and the Akaike Informat@niterion, whose value is
lower in the local model.
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Table 2. Diagnostic statistic for global and locainodels

Global model - Local model -
oLS GWR
Akaike Information Criterion 3805.003 3572.464
Coefficient of Determination (R?) 0.732 0.913
Adjusted R? 0.73 0.89
Residual Sum of Squares 492370.15 160072.37

Source: own work.

Figure 4 presents local values of the determinatmefficient. It can be
observed that the model is characterized by inggfit fit to data, particularly
for poviats located in the South-Eastern part ef ¢buntry, whereas the fit is
best for the Mazowieckie, Dol&laskie and Pomorskie vovodships.

Figure 4. Local adjusted Rin immigration model

GWR Local Adjusted r2
[ 0,182593 - 0600964
0600965 - 0659744
B 0693745 - 0.E16358
W 0816399 - 0910003
| 0910004 - 0592972

Source: own work in ArcMap.

Table 3 shows local values of coefficients andatistics calculated for
the immigration model. Maps concerning the sigaifice of parameters clearly
show that they are not statistically significant éach locality. All other factors
being constant, a rise in the population signifiaaffects a rise in the number
of immigrants for the highest number of poviatsaffimeans that foreigners
most willingly settle in big cities where it is éasto find work and dwelling,
access commercial and cultural facilities. An iase in the number of job
offers affects a growth in the number of migramispoviats situated in the
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Wielkopolskie,Swigtokrzyskie and Dolndaskie voivodships. Economic migration

is currently the predominant form of population iiigh Thus, people move to
areas where it is easy to find employment. A rise¢hie number of dwellings
significantly affected an increase in immigrationinty in poviats located in the
Slaskie and Matopolskie voivodships. In turn, an imse in poviats’ budgetary

incomes had an impact on a growth in the numbeniigrants in poviats situated

in the Pomorskie, Zachodniopomorskie, Wielkopolskid Matopolskie voivodships.

That variable is among the measures of local dpredot. If budgetary incomes go

up, economic conditions in a poviat improve. Thabants to economic growth,
making the area more attractive to potential imandgs.

Table 3. Local values of parameters and t-statisticin the immigration model

Variable

Coefficients

t — Statistics

LOP

GWR Coefficient LOP12
[ -0,807865 - -0,399683
}'} [ -0,399682 - 0,001636
‘ I 0,001637 - 0,153748
M 0153749 - 0,443968
W 0443969 - 0,835487

LM

[ 0,000049 - 0,000244
= 0,000245 - 0,000428

A 0,000429 - 0,000609

I 0,000610 - 0,000926
I 0,000927 - 0,001343
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! GWR Coefficient DBM12
i [ -0,010901 - -0,005718

[ -0,005717 - 0,000086

I 0,000087 - 0,006161

| 0,006162 - 0,015784

W 0,015785 - 0,030860

DB

[] not significant

B sipnificant

Source: own work in ArcMap.

The last step of the study was to estimate paramefehe GWR model
describing emigration. Local regression coefficseti¢scriptive statistics for the
emigration model are presented in Table 4.

Table 4. Local regression coefficients descriptiv&atistics — emigration model

Variable Minimum Median Maximum

Constant -1468,500 -381,611 67,152
M -1,389 4,490 16,975
PS -11,748 -2,487 2,115
K -0,480 -0,257 0,631
IM -0,053 0,714 1,398
DG -23,050 -3,958 6,608

Source: own work.

In turn, Table 5 shows statistics used to comphesgiobal and local
models describing emigration in 2012. Similarly ttee first (immigration)
model, all measures indicate the markedly bettef fihe local model to empirical
data — both the coefficient of determination, whighigher in the GWR model,
and the Akaike Information Criterion, whose valsdawer in the local model.

Table 5. Diagnostic statistic for global and locainodels

Global model - OLS | Local model - GWR
Akaike Information Criterion 4057,71 3971,561
Coefficient of Determination (R?) 0,599 0,763
Adjusted R? 0,595 0,726
Residual Sum of Squares 953868,99 566681,15

Source: own work.
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Figure 5 presents local values of the determinatmefficient. It can be
observed that the model is characterized by inggfit fit to data, particularly
for poviats located in the Southern and Westertsprthe country, whereas the
fit is best for the Mazowieckie, Podlaskie and Pwski@ voivodships.

Figure 5. Local adjusted Rin emigration model

GWR Local Adjusted r2
[ 0,356848 - 0,601191
[ 0,601192 - 0,687546
I 0687547 - 0,782118
I 0,782119 - 0,869188
= 0,869189 - 0,978157

Source: own work in ArcMap.

Table 6 shows local values of coefficients andatistics calculated for
the emigration model. Also in that case, parametsgaot significant for every
locality. It can also be observed that variabldscafone another with varying
intensity. All other factors being constant, a risehe number of dwellings in
poviats located in the Lodzki€wictokrzyskie andSlaskie voivodships led to
a significant decrease in emigration. As compacedther European countries,
housing situation in Poland is very poor. Inability rent or buy a flat often
affects a decision to emigrate, especially amongngopeople. In Southern
Poland $laskie, Dolndlaskie, Matopolskie voivodships) a rise in the numoker
women (per 100 men) results in an increase in etiar. That means that it is
not only economic factors that determine a decigionleave the country.
According to the femininity ratio published by ti@entral Statistical Office,
there are currently 109 women per 100 men in Pol#nd possible that this
situation makes women decide to emigrate more dftan men. A rise in the
working age of population using social assistarigaificantly affects a fall in
emigration in poviats located in the Western anditis&Vestern part of the
country. That leads to a conclusion that improvemansocial policy could
contribute to stopping people’s emigration fromaaal A variable that significantly
affected emigration in almost the whole country 2012 was immigration.
Immigrants coming especially from countries of Beestern Bloc tend to take up



Spattadalysis Of Foreign Migration In Poland ... 151

jobs with lower salaries, thus causing job offerdé “sucked out” of the labour
market. In Western and South-Western Poland, arrifee number of individuals

carrying out economic activity significantly affeca drop in emigration. That
variable is among measures of economic developribgenerates jobs. Hence, it is
negatively correlated with emigration.

Table 6. Local values of parameters antistatistics in the emigration model

Variable

Coefficients

t — Statistics

GWR Coefficient M12
1 -1,389333 - -0,893472
[ -0,893471 - -0,393992
I -0,393991 - 0,002637
M 0,002638 - 0,301297
m 0,301298 - 0,631291

PS

GWR Coefficient PSP12
[ -11,747536 - -7,949771
[ -7,949770 - -5,182660
I -5182659 - -2,736541
M -2,736540 - 0,000000
0000001 - 2114526

GWR Coefficient K12
[ -0,480332 - 2667578
[ 2,667579 - 4,828720
I 4,828721 - 7,947410
B 7947411 - 11,926737
11926738 - 16974456

GWR Coefficient IM12
[ -0,053115 - 0,002028
[ 0,002029 - 0,610388
I 0,610389 - 0,770443
W 0770444 - 0,999851
M 0999852 - 1,397706
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GWR Coefficient DG12
[ -23,050396 - -16,468336
[ -16,393707 - -10,718454
| -10,4487890 - -5,112642
| -4,951317 - -0,005064
M 0,054880 - 6,607605

DG

] not significant

B significant

Source: own work in ArcMap.

5. Conclusion

The opening of borders between European countriesured free
movement of people in Europe. Reasons for emigraire often very complex,
with the predominance of economic ones associatéd Moking for jobs
offering fair remuneration. It should, however,dmphasized that various social
aspects of migration are increasingly mentioneal, to

Based on the conducted it can be stated that thmigeation in Poland
was negative in 2012, i.e. emigration exceeded gretion. A positive net
migration was observed only in 133 poviats, mainhbig cities, i.e. Warsaw,
Cracow, Wroctaw, Szczecin and Gdynia.

The analysis of foreign migrations in Poland in 2@das conducted using
two econometric models describing immigration ameigeation. An attempt
was made to specify socio-economic variables tteat imndamentally affect the
studied phenomenon and estimate parameters ofdbgraphically weighted
regression model. The method proved to be an egtyeaseful instrument of
spatial data analysis. Local models were charae@rby a considerably better
fit to empirical data than global ones. They allovwte evaluate the significance
of parameters of models for specific spatial urB@sed on the received results,
it was inferred that emigration of people from Palds affected not only by
economic but also social aspects, i.e. desirertd & partner and buy or rent
a flat. It was also observed that improvement iciadq@olicy related to benefits
could limit the movement of population abroad. tnnt immigrants tend to
settle in big and highly developed poviats offerimgtter chances of finding
employment.
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Streszczenie

PRZESTRZENNA ANALIZA MIGRACJI ZAGRANICZNYCH
W POLSCE W 2012 R. Z WYKORZYSTANIEM GEOGRAFICZNIE
WAZONEJ REGRESJI

Migracje ludnaci w znaczcym stopniu wplywajna ksztattowanie giliczby ludndci
w krajach. Z tego wzgllu zagadnienia zyzane przyczynami, skutkami i kierunkami ruchow
ludngsci 7 coraz cestszym przedmiotem politycznych i akademickichudiysk

Celem artykulu jest analiza przestrzennego rozeiesm poziomu emigracii
i imigracji w Polsce w 2012 r. Metody geograficzmgystemow informacyjnych wykorzystano
w celu wizualizacji i wsgpnej (statystycznej) analizy danych. Masie podito proke
specyfikacji zmiennych ekonomiczno-spotecznyche kibgg mie® zasadniczy wplyw na
ksztaltowanie gibadanego zjawiska oraz estymacji parametrow magigraficznie wine;
regresji (GWR). Metoda ta umiiwvia identyfikacg zmienngci wspdiczynnikow regresii
W przestrzenni geograficznej.

Slowa kluczoweemigracja, imigracja, analiza przestrzenna, G\@RS



