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Application of spatial autocorrelation in the analysis of
fertility distribution and fertility patterns in Croatia

Primjena prostorne autokorelacije v analizi distribucije
fertiliteta i fertilitetnih obrazaca v Hrvatskoj

The paper addresses the measurement of variability
of the total fertility rate (TFR) at the NUTS3 and LAU
levels for the year 2021. By applying spatial autocorrelation
methods, the Global and Local Moran’s Index, the
hypothesis of TFR value clustering at the regional and
local level was tested. In other words, the study answers
the question of whether TFR values are spatially grouped
or heterogeneously distributed at the selected levels.
The research procedure determined the degree of spatial
autocorrelation at both observed levels and defined
statistically significant clusters. Based on the Getis-Ord
Gi* hotspot analysis, spatial patterns of TFR distribution
at the LAU level were identified, and in addition to the
analysis of z-values, the level of statistical significance of
TFR hotspot and coldspot areas was also analyzed. The
results of the research provide a deeper insight into the
understanding of differences in TFR values between
regions and within regions, which are often not detectable
using classical statistical-analytical approaches.

Key words: fertility, variability in fertility, spatial auto-

correlation, Moran’s I, Croatia.

Rad problematizira mjerenje varijabilnosti totalne
ili ukupne stope fertiliteta (TFR-a) na NUTS3 i LAU
razinama za 2021. godinu. Primjenom jedne od metoda
prostorne autokorelacije, globalnog i lokalnoga Moranova
indeksa, testirana je hipoteza o klasteriranju vrijednosti
TFR-a na regionalnoj i lokalnoj razini. Drugim rije¢ima,
daje se odgovor na pitanje jesu li vrijednosti TFR-a
prostorno grupirane ili heterogeno rasporedene na
odabranim razinama. Istrazivackim je postupkom utvrden
stupanj prostorne autokorelacije na objema predmetnim
razinama te su definirani statisticki znacajni klasteri.
Na temelju hotspot analize Getis-Ord Gi* izdvojeni su
prostorni obrasci distribucije TFR-a na LAU razini, a
osim analize z-vrijednosti analizirana je i razina statisticke
pouzdanosti hotspot i coldspot podru¢ja TFR-a. Rezultati
istrazivanja omogucuju dublji uvid u razumijevanje razlika
u vrijednostima TFR-a izmedu regija i unutar regija
koje se cesto ne mogu detektirati primjenom klasi¢nih
statisticko-analitickih pristupa.

Kljuéne rijeci: fertilitet, varijabilnost fertiliteta, prostorna
autokorelacija, Moranov indeks, Hrvatska
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INTRODUCTION

In Croatia, as in other countries of the world,
fertility patterns are influenced by various so-
cio-economic, cultural, historical, demographic,
and spatial factors. The total fertility rate (TFR)
in Croatia in 2022, according to EUROSTAT
data, was higher than the European Union aver-
age and amounted to 1,53." For decades, TFR in
Croatia has been below the replacement level of
2.1,in line with global trends present in many Eu-
ropean countries. In the early 2010s, TFR ranged
between 1.5 and 1.6, with a slight decline during
periods of economic crisis. Certain measures to
encourage higher fertility rates, such as financial
incentives and other benefits, resulted in a mod-
erate increase in TFR, but it still remains relatively
low, and challenges such as emigration, economic
opportunities, and changes in socio-family norms
continue to influence fertility decisions. One of the
strategic goals of the Demographic Revitalization
Strategy of the Republic of Croatia to 2033 is to
create a more supportive environment for families
and young people, and understanding demograph-
ic trends at the local level, especially specific spatial
fertility patterns, is a prerequisite for defining revi-
talization measures.

Although TFR, as a form of age-standardized
rate, is the most commonly used indicator of ef-
fective fertility in a population, using descriptive
statistical methods (comparing the range of TFR
values) it is not possible to determine statistically
significant spatial differences in the distribution of
fertility at lower administrative units. Spatial auto-
correlation methods provide the necessary frame-
work for analyzing spatial patterns of a given phe-
nomenon, allowing the identification of clusters of
higher and lower values, i.e. the grouping and anal-
ysis of spatial relationships that are not visible and
observable using standard statistical-analytical ap-
proaches. The analysis of fertility variability in this
paper is based on the application of one of the spa-
tial autocorrelation methods, namely Moran’s Index
(global and local), using the Python programming
language, in order to test the hypothesis of whether

1 Source: Eurostat (2025), Fertility indicators, available at: https://
ec.europa.eu/eurostat/databrowser/view/demo_find/default/ta-
ble?lang=en&category=demo.demo_fer (2. 4. 2025.)
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U Horvatskoj, kao i u drugim drzavama svije-
ta, obrasci plodnosti* pod utjecajem su razlicitih
socio-ekonomskih, kulturnih, povijesnih, demo-
grafskih i prostornih ¢imbenika. Ukupna (totalna)
stopa fertiliteta u Hrvatskoj 2022. godine, prema
podatcima EUROSTAT-a, bila je visa od prosjeka
Europske unije te je iznosila 1,53.' TFR (ukupna
stopa fertiliteta, eng. Total Fertility Rate) je u Hr-
vatskoj desetlje¢ima ispod zamjenske vrijednosti od
2,1, tj. u skladu s globalnim trendovima prisutnima
u brojnim europskim drzavama. Po¢etkom 2010-ih
TFR je iznosio izmedu 1,5 i 1,6, uz lagani pad tije-
kom razdoblja ekonomskih kriza. Pojedine mjere za
poticanje veéih stopa plodnosti, poput financijskih
poticaja i drugih prava, rezultirale su umjerenim po-
rastom TFR-a, no on i dalje ostaje relativno nizak,
a izazovi poput iseljavanja, ekonomskih prilika i
promjena drustveno-obiteljskih norma nastavljaju
utjecati na odluke o plodnosti. Jedan od strateskih
ciljeva Strategije demografske revitalizacije Republike
Hroatske do 2033. godine jest stvaranje poticajnijega
okruzenja za obitelji i mlade, a razumijevanje demo-
grafskih trendova na lokalnoj razini, osobito speci-
ficnih prostornih obrazaca plodnosti, preduvjet je za
definiranje revitalizacijskih mjera.

Tako je TFR, kao oblik standardizirane stope
prema dobi, najéesée koristen pokazatelj efektivne
plodnosti u nekoj populaciji, metodama deskrip-
tivne statistike (usporedbom raspona vrijednosti
TFR-a) nije moguée utvrditi statisticki znacajne
prostorne razlike u distribuciji fertiliteta na niZim
Metode

prostorne autokorelacije pruzaju potreban okvir za

upravno-administrativnim  jedinicama.
analizu prostornih obrazaca odredene pojave, omo-
gucujudi identifikaciju klastera visih i nizih vrijed-
nosti, tj. grupiranje i analiziranje prostornih odnosa
koji nisu vidljivi i uocljivi primjenom standardnih
statisticko-analitickih pristupa. Analiza varijabil-
nosti fertiliteta u radu temelji se na primjeni jedne
od metoda prostorne autokorelacije, odnosno Mo-
ranova indeksa (globalnog i lokalnog), uz pomo¢
programskoga jezika Python, da bi se odgovorilo na

*U radu se termini plodnost i fertilitet koriste kao istoznacnice.

1 Izvor: Eurostat (2025), Fertility indicators, dostupno na: https:/
ec.europa.eu/eurostat/databrowser/view/demo_find/default/ta-
ble?lang=en&category=demo.demo_fer (2. 4. 2025.)



TFR variations in Croatia are spatially dispersed
or clustered. Considering the chosen method, the
distribution of fertility in Croatia was observed
within the framework of NUT'S3 regions and local
administrative units (hereinafter LAU), with the
aim of determining whether spatial autocorrelation
exists at these levels and whether it is statistically
significant (according to the range of p-values). On
the other hand, based on the concentration of low
or high values of the observed variable (fertility),
the local Moran’s Index will determine the types of
clusters that appear at the local level. Accordingly,
the main goal of the research is to analyze the spa-
tial patterns of fertility variability in Croatia, and
the findings and conclusions arising from the paper
will contribute to a better understanding of local
and regional differences and may serve as a basis for
further research related to revitalization approaches
at different spatial levels.

THEORETICAL FRAMEWORK

Croatia, like many European countries, records
low post-transitional birth and fertility rates (Cipin
and Strmota, 2014). The concept of very low fertility
gained importance in the late 1980s and early 1990s,
first in the countries of Central Europe (Van de Kaa,
2001; Zaidi and Morgan, 2017). In this context, de-
mographers Ron Lesthaeghe and Dirk Van de Kaa
(1986) introduced the term “second demographic
transition” to explain new behavioral patterns in de-
veloped European societies after the end of the tran-
sitional period. The theoretical basis of this phase is
grounded in changes in the traditional understand-
ing of family and the emergence of new reproductive
patterns. Among the main characteristics are the
decline in the number of marriages, the increase in
divorces, a higher share of children and unions out-
side marriage, delayed childbearing, and an increase
in age at marriage (Lesthaeghe, 2020; Sobotka et al.,
2008; Van de Kaa, 2001; Zaidi and Morgan, 2017).

The total fertility rate (TFR) in Central European
countries has been in constant decline since the 1990s,
a period marked by political, social, and economic
changes (Lutz, 2006). However, in most Central and
Eastern European countries, the TFR has significant-

ly recovered in the recent period (Németh et al., 2025).

pitanje jesu li varijacije TFR-a u Hrvatskoj pros-
torno disperzne ili grupirane. S obzirom na izbor
metode distribucija fertiliteta u Hrvatskoj proma-
trana je u okviru NUTS3 regija i jedinica lokalne
samouprave (engl. LAU — Local Administrative
Unit, pokrata koja ¢e se rabiti u ostatku rada), a s
ciljem utvrdivanja postoji li prostorna autokorelacija
na navedenim razinama i je li ona statisticki znacaj-
na (sukladno rasponu p-vrijednosti). S druge strane,
na temelju koncentracije niskih ili visokih vrijednos-
ti promatrane varijable (fertiliteta) lokalni Moranov
indeks utvrdit ¢e tipove klastera koji se pojavljuju
na lokalnoj razini. Sukladno navedenom, osnovni je
cilj istrazivanja analizirati prostorne varijabilnosti
fertiliteta u Hrvatskoj, a spoznaje i zakljucci, koji
proizlaze iz rada, doprinijet ¢e boljem razumijevan-
ju lokalnih i regionalnih razlika te mogu posluziti
kao osnova za daljnja istraZivanja vezana uz pristupe

revitalizaciji na razli¢itim prostornim razinama.

TEORIJSKI OKVIR

Hrvatska, poput mnogih europskih zemalja,
biljezi niske posttranzicijske stope nataliteta i fer-
tiliteta (Cipin i Strmota, 2014). Koncept izrazito
niska fertiliteta dobiva na vaznosti krajem 1980-ih
i pocetkom 1990-ih, najprije u drzavama Srednje
Europe (Van de Kaa, 2001; Zaidi i Morgan, 2017).
U tom kontekstu demografi Ron Lesthaeghe i
Dirk Van de Kaa (1986) uvode pojam ,druga de-
mografska tranzicija” da bi objasnili nove obrasce
ponasanja u razvijenim europskim drustvima nakon
zavrsetka tranzicijskoga razdoblja. Teorijska osnova
ove faze temelji se na promjenama u tradicional-
nom poimanju obitelji i pojavi novih reproduktiv-
nih obrazaca. Medu glavnim obiljezjima isti¢u se
pad broja sklopljenih brakova, porast rastava, veéi
udio izvanbra¢ne djece i zajednica, odgadanje rada-
nja te porast dobi pri sklapanju braka (Lesthaeghe,
2020; Sobotka i dr., 2008; Van de Kaa, 2001; Zaidi
i Morgan, 2017).

Ukupna stopa fertiliteta (TFR) u zemljama
Srednje Europe u stalnom je padu od 1990-ih go-
dina, razdoblja obiljezenog politickim, drustvenim
i ekonomskim promjenama (Lutz, 2006). No, u
vedini zemalja Srednje i Istoéne Europe TFR se
znatno oporavio u recentnom razdoblju (Németh
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Numerous authors point out that low TFR values in
developed European countries are primarily the result
of complex social, economic, political, and cultural fac-
tors (Lutz, 2006; Sobotka, 2003; Sobotka et al., 2008;
Van de Kaa, 2001; Vasireddy et al., 2023; Wang and
Sun, 2016; Zaidi and Morgan, 2017). The trend of fer-
tility decline has been present since the second half of
the 20™ century and is linked to the increase in edu-
cation and employment of women (Aldieri and Vinci,
2013; Snopkowski et al., 2016; Testa, 2014; Vasireddy
et al., 2003). The extension of education, greater par-
ticipation of women in the labor market, and the rise
of their economic independence changed the tradi-
tional division of roles within the family (Van de Kaa,
2001). In addition to individual factors, the relation-
ship between education and fertility is also shaped by
contextual elements such as family and social policies,
macro-economic disturbances, and socio-normative

patterns (Vasireddy et al., 2003).

The variability of sub-replacement fertility in
economically developed countries highlights the im-
portance of institutional support and public policies
aimed at young families, especially mothers (Rind-
fuss et al., 2016). Nordic countries that promote a
flexible labor market and a balance between family
and professional life record a relatively higher level
of fertility (Jalovaara et al., 2019). However, compar-
ative studies show that family policies do not have a
universal effect, especially in the context of different
social and economic systems (Vasireddy et al., 2003).
Sobotka (2003) analyzed the transitional changes in
Central and Eastern Europe from the 1990s, em-
phasizing that the success of the socio-economic
transition strongly influenced changes in reproduc-
tive behavior, along with the simultaneous influence
of other factors such as modernization, individuali-
zation, religiosity, and access to contraception. Sim-
ilar findings are confirmed by numerous empirical
studies on fertility trends in individual Central and
Eastern European countries (Akrap, 2011; Akrap
and Cipin, 2011; Berde and Drabancz, 2022; Cip—
in, 2022; Cipin and Medimurec, 2017; Cipin and
Strmota, 2014; Kotowska et al., 2008; Potancokov4
et al., 2008; Sobotka et al., 2008). Additionally, the
stability of sub-replacement fertility has also been
influenced by external factors such as war-related
destruction, economic crises, pandemics, etc. (Bujard

and Andersson, 2024; Sobotka et al., 2011).
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i dr., 2025). Brojni autori isticu da su niske vri-
jednosti TFR-a u razvijenim europskim drzava-
ma prvenstveno posljedica sloZenih drustvenih,
ekonomskih, politickih i kulturoloskih ¢imbenika
(Lutz, 2006; Sobotka, 2003; Sobotka i dr., 2008;
Van de Kaa, 2001; Vasireddy i dr., 2023; Wang i
Sun, 2016; Zaidi i Morgan, 2017). Trend sma-
njenja plodnosti prisutan je jo$ od druge polovice
20. stoljeca i povezuje se s porastom obrazovanja
i zapo§ljavanja Zena (Aldieri i Vinci, 2013; Snop-
kowski i dr., 2016; Testa, 2014; Vasireddy i dr.,
2003). Produzetak obrazovanja, veca prisutnost
Zena na trziStu rada i porast njihove ekonomske
neovisnosti mijenjaju tradicionalnu podjelu uloga
unutar obitelji (Van de Kaa, 2001). Uz individual-
ne ¢imbenike odnos obrazovanja i fertiliteta obli-
kuju i kontekstualni elementi poput obiteljskih i
socijalnih politika, makroeckonomskih poremecaja
i drustveno-normativnih obrazaca (Vasireddy i dr.,

2003).

Varijabilnost ispodzamjenskoga fertiliteta u eko-
nomski razvijenim drzavama naglasava vaznost in-
stitucionalne potpore i javnih politika usmjerenih na
mlade obitelji, osobito majke (Rindfuss i dr., 2016).
Nordijske zemlje koje promicu fleksibilno trziste rada
i ravnotezu izmedu obiteljskog i profesionalnog Zivo-
ta, biljeze relativno visu razinu plodnosti (Jalovaara
i dr, 2019). Ipak, komparativne studije pokazuju da
obiteljske politike nemaju univerzalan ucinak, osobito
u kontekstu razli¢itih drustvenih i ekonomskih susta-
va (Vasireddy i dr., 2003). Sobotka (2003) analizira
tranzicijske promjene u Srednjoj i Isto¢noj Europi
od 1990-ih, naglasavajuéi kako je uspjesnost socioe-
konomske tranzicije snazno utjecala na promjene u
reproduktivnom ponasanju, uz istovremeno djelovanje
drugih faktora poput modernizacije, individualizacije,
religioznosti i pristupa kontracepciji. Sli¢no potvrduju
i brojna empirijska istrazivanja fertilitetnih kretanja
pojedinih drzava Srednje i Isto¢ne Europe (Akrap,
2011; Akrap i Cipin, 2011; Berde i Drabancz, 2022;
Cipin, 2022; Cipin i Medimurec, 2017; Cipin i Str-
mota, 2014; Kotowska i dr., 2008; Potancokovi i dr.,
2008; Sobotka i dr., 2008). Takoder, na stabilnost is-
podzamjenskoga fertiliteta utjecali su i vanjski ¢im-
benici kao $to su ratna stradavanja, ekonomske krize,
pandemija i sl. (Bujard i Andersson, 2024; Sobotka i
dr., 2011).



In terms of fertility trends, Croatia does not
differ significantly from other Central European
countries. TFR below the replacement level in
Croatia appeared in the late 1960s, and by the
first half of the 1990s it had decreased to below
1.5 children per woman (Cipin and Medimurec,
2017).In the last decade, TFR has been relative-
ly stable, with minor fluctuations in the trend,
ranging between 1.40 and 1.63 (EUROSTAT,
2022). The main factors of sub-replacement fer-
tility in Croatia stem from social, economic, cul-
tural, and similar influences, as well as external
factors (Akrap, 2011; Akrap and Cipin, 2011;
Beli¢, 2023; Beli¢ and Migeti¢, 2021; Cipin and
Medimurec, 2017; Cipin and Strmota, 2014).
In addition to general social and economic dif-
ferences, reproductive motivation is also influ-
enced by the mechanisms of reconciling fami-
ly and work life, specific forms of employment
(e.g. precarious work), opportunity costs of
parenthood, the inadequacy of housing policy
measures aimed at young people, and the like
(Akrap, 2011; Akrap and Cipin, 2011; Cipin,
2011; Cipin and Medimurec, 2017). In addition
to the factors that led to the postponement of
childbearing at the national level, fertility trends
are further shaped by regional heterogeneity,
primarily through geographical and historical
differences in settlement, i.e. pronounced re-
gional disparities (MaroSevi¢, 2020). Therefore,
the analysis of fertility variations is crucial for
the development of locally adapted demographic

revitalization measures.

Approaches to fertility and the measurement
of fertility variability

In the context of contemporary demographic de-
velopment and regional differences, it is important to
emphasize that the economic and socio-cultural caus-
es of the fertility transition do not act equally in coun-
tries with different income levels, which confirms
the complexity of the process itself (Wang and Sun,
2016). This complexity is also evident at the sub-na-
tional level, where the spatial dimension plays a key
role in understanding contemporary fertility patterns
(Campisi et al., 2019). Early studies highlighted dif-

U pogledu trendova kretanja fertiliteta Hrvatska se
ne razlikuje znatno od ostalih srednjoeuropskih drza-
va. TFR ispod razine jednostavna obnavljanja stanov-
nistva u Hrvatskoj se javlja krajem 1960-ih godina, a
do prve polovice 1990-ih godina smanjuje se na razinu
ispod 1,5 djece po jednoj Zeni (Cipin i Medimurec,
2017). U posljednjem je desetlje¢u TFR relativno sta-
bilan, a s manjim oscilacijama u trendu krece se u ras-
ponu izmedu 1,401 1,63 (EUROSTAT, 2022). Glavni
¢imbenici ispodzamjenskoga fertiliteta u Hrvatskoj
proizlaze iz djelovanja drustvenih, ekonomskih, kul-
turoloskih i sl. cimbenika te vanjskih utjecaja (Akrap,
2011; Akrap i Cipin, 2011; Beli¢, 2023; Beli¢ i Mise-
ti¢, 2021, Cipin i Medimurec, 2017 Cipin i Strmota,
2014). Medutim, konkretni mehanizmi djelovanja tih
¢imbenika vidljivi su kroz povecanu ucestalost nesta-
bilnih oblika rada koji odgadaju financijski doseg za
roditeljstvo, visoke oportunitetne troskove karijernih
prekida za Zene te stambenu nesigurnost mladih pa-
rova. Osim opéih drustvenih i ekonomskih razlika na
reproduktivnu motivaciju takoder utjece i mehanizmi
uskladivanja obiteljskoga i poslovnoga zivota, specifi¢-
ni oblici rada (npr. prekarni rad), oportunitetni trogko-
vi roditeljstva, nedostatnost mjera stambene politike
usmjerenih prema mladima i sl. (Akrap, 2011; Akrap i
Cipin, 2011: Cipin, 2011; Cipin i Medimurec, 2017).
Osim ¢imbenika koji su doveli do odgadanja radanja
na nacionalnoj razini fertilitetne trendove dodatno
oblikuje regionalna heterogenost, ponajprije kroz ge-
ografske i povijesne razlike u naseljenosti, tj. izraze-
ni regionalni dispariteti (Maro$evi¢, 2020). Stoga je
analiza fertilitetnih varijacija kljuéna za oblikovanje
lokalno prilagodenih mjera demografske revitalizacije.

Pristupi fertilitetu i mjerenje varijabilnosti
fertiliteta

U kontekstu suvremenoga demografskog ra-
zvoja i regionalnih razlika vazno je istaknuti da
ekonomski i1 socio-kulturni uzroci fertilitetne
tranzicije ne djeluju jednako u zemljama razlici-
ta dohodovnoga statusa, §to potvrduje sloZenost
samoga procesa (Wang i Sun, 2016). Ta se slo-
Zenost ofituje i na podnacionalnoj razini, gdje
prostorna dimenzija ima klju¢nu ulogu u razumi-
jevanju suvremenih obrazaca plodnosti (Campisi
i dr., 2020). Rana istrazivanja isticala su razlike
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ferences between rural and urban areas, with higher
fertility in rural areas (Fiori et al., 2014). Trovato and
Grindstaft (1980) explained these differences with the
compositional hypothesis, based on differences in ed-
ucation, income, and employment, while Riederer and
Beaujouan (2023) further emphasized the influence
of traditional norms and lifestyles. Although these
differences are decreasing, they have not disappeared
completely, and more recent trends show an increase
in fertility in the suburbs and peripheral zones of
larger cities (Fiori et al., 2014; Kulu, 2013; Kulu et al.,
2009; Riederer and Beaujouan, 2023). In the analysis
of spatial fertility patterns, demographic, geograph-
ic, infrastructural, and institutional factors play an
important role: such as the level of industrialization,
capital investment, transport position, access to edu-
cation and health care, and public policies (Beli¢ and
Misgeti¢, 2021). Urbanization further affects the post-
ponement of childbirth and lower fertility (Riederer
and Beaujouan, 2023). Martine et al. (2013), compar-
ing 181 countries, conclude that there is no direct and
one-way impact of urbanization on fertility decline,
precisely due to the complexity of the conditioning
factors. Many authors emphasize that fertility is a
complex and behaviorally determined phenomenon,
which is why it is not possible to determine a uni-
versal pattern of variability (Aldieri and Vinci, 2013;
Fiori et al., 2014; Martine et al., 2013; Riederer and
Beaujouan, 2023; Sear et al., 2016; Vasireddy et al.,
2023; Wang and Sun, 2016).

Monitoring fertility trends is essential for ana-
lyzing the influence of various variables and under-
standing trends and spatial differences in fertility.
In addition to dominant demographic processes,
the level of fertility is also affected by irregular cir-
cumstances such as economic crises or pandemics.
For example, Winkler-Dworak et al. (2024) analyze
short-term fluctuations in births during the COV-
ID-19 pandemic in low-fertility countries. Among
the main causes of the fertility decline during 2022
were economic uncertainty, the level of government
intervention, and the dynamics of the implementa-
tion of vaccination programs.

Considering the relationship between economic
cycles and fertility fluctuations, traditional economic
models are mostly based on an increase in births dur-
ing economic crises (counter-cyclical trend), while

64

izmedu ruralnih i urbanih sredina, s visim fertili-
tetom u ruralnim podruéjima (Fiori i dr., 2014).
Trovato i Grindstaft (1980) te razlike objasnja-
vaju kompozicijskom hipotezom, temeljenom na
razlikama u obrazovanju, prihodima i zaposle-
nosti, dok Riederer i Beaujouan (2023) dodatno
nagla$avaju utjecaj tradicionalnih norma i Zivot-
nih stilova. Iako se te razlike smanjuju, one ne
nestaju u potpunosti, a noviji trendovi pokazuju
porast fertiliteta u predgradima i perifernim zo-
nama vecih gradova (Fiori i dr., 2014; Kulu, 2013;
Kulu i dr., 2009; Riederer i Beaujouan, 2023). U
analizi prostornih obrazaca fertiliteta vaznu ulo-
gu imaju demografski, geografski, infrastrukturni
i institucionalni ¢imbenici — poput stupnja in-
dustrijalizacije, kapitalnih ulaganja, prometnoga
polozaja, pristupa obrazovanju i zdravstvu te jav-
nih politika (Beli¢ i Miseti¢, 2021). Urbanizacija
dodatno utjece na odgodu radanja i nizi fertilitet
(Riederer i Beaujouan, 2023). Martine i dr. (2013)
usporedujuéi 181 drzavu, zaklju¢uju da ne posto-
ji izravan i jednosmjeran utjecaj urbanizacije na
smanjenje plodnosti, upravo zbog sloZenosti fak-
tora uvjetovanja. Brojni autori naglasavaju da je
fertilitet sloZen i bihevioralno odreden fenomen
zbog Cega nije moguée utvrditi univerzalni obra-
zac varijabilnosti (Aldieri i Vinci, 2013; Fiori i dr.,
2014; Martine i dr., 2013; Riederer i Beaujouan,
2023; Sear i dr.,2016; Vasireddy i dr., 2023; Wang
i Sun, 2016).

Pracenje fertilitetnih kretanja kljuéno je za
analizu utjecaja razli¢itih varijabla te razumijeva-
nje trendova i prostornih razlika u plodnosti. Na
razinu fertiliteta, osim dominantnih demograf-
skih procesa, utjecu i neregularne okolnosti poput
ekonomskih kriza ili pandemija. Primjerice, Win-
kler-Dworak i sur. (2024) analiziraju kratkoro¢ne
oscilacije u radanjima tijekom pandemije CO-
VID-19 u zemljama s niskom plodnoséu. Medu
glavnim uzrocima pada fertiliteta tijekom 2022.
godine isti¢u se ekonomska nesigurnost, razina dr-
Zavne intervencije i dinamika provedbe programa
cijepljenja.

Razmatrajuéi povezanost ekonomskih ciklusa
s oscilacijama fertiliteta, tradicionalni ekonomski
modeli uglavnom se temelje na porastu radanja
tijekom ekonomskih kriza (kontraciklicki trend),



more recent empirical research indicates that birth
rates decline during economic crises and periods of
rising unemployment (pro-cyclical trend) (Del Bono
etal.,,2015). A number of authors emphasize that ex-
isting research on the pro-cyclical and counter-cycli-
cal nature of aggregate fertility is not sufficiently clear
and that, given regional and temporal differences, no
single pattern can be entirely universal (Coskun and
Dalgic, 2022; Del Bono et al., 2015; Sobotka et al.,
2011; Tragaki and Bagavos, 2019). Del Bono et al.
(2016) pointed out that unemployment affects par-
enting decisions in a multidimensional way, changing
personal attitudes, especially among women, regard-
ing careers, professional advancement, and family
planning, making the identification of fertility pat-
terns an extremely complex phenomenon.

'The most common measure of fertility level in a
population is the total fertility rate (TFR), which
represents the average number of live-born children
a given woman would have during her reproductive
period, assuming constant age-specific fertility rates
and the absence of mortality. TFR, as a period rate
standardized by age, is a reliable indicator of real-
ized fertility because it is not dependent on the size
of the cohort of women of reproductive age (Cipin,
2022). Since population policy and development
priorities are based on expected TFR values, de-
fining spatial fertility patterns at the national and
sub-national level is of key importance. Descriptive
approaches offer a basic overview of the TFR range,
while advanced mathematical-statistical and spa-
tial models are used to quantify spatial variations.
Among them, geographically weighted regressions
and spatial panel analyses stand out (Benassi and
Carella, 2023; Tragaki and Bagavos, 2019). Local
regression models enable the understanding of local
influences on the spatial variability of TFR (Muc-
ciardi and Bertuccelli, 2013). Vitali and Billari
(2017), within the diffusionist approach, empha-
size the importance of cultural and economic in-
dicators and the influence of neighboring areas on
spatial-temporal fertility patterns. Examples from
numerous studies show that TFR values in one area
positively correlate with those in neighboring areas,
potentially due to similar economic conditions and
socio-cultural norms (Campisi et al., 2023; Basten
et al., 2012; Beli¢ and Miseti¢, 2021; Burillo et al.,
2020; Salvati et al., 2020).

dok novija empirijska istrazivanja upucéuju na to da
razina radanja pada u razdobljima ekonomskih kri-
za i tijekom povecanja nezaposlenosti (prociklicki
trend) (Del Bono i dr.,2015). Niz autora isti¢e da su
postojeca istrazivanja o procikli¢noj i kontracikli¢-
koj naravi agregatnoga fertiliteta nedovoljno jasna
i da, s obzirom na razlike medu regijama i tijekom
vremena, ni jedan obrazac ne moze biti posve uni-
verzalan (Coskun i Dalgic, 2022; Del Bono i dr.,
2015; Sobotka i dr., 2011; Tragaki i Bagavos, 2019).
Del Bono i dr. (2016) isticu da nezaposlenost vi-
$edimenzionalno utje¢e na odluke o roditeljstvu,
mijenjajuéi osobne stavove, osobito kod Zena, o
karijeri, profesionalnom napredovanju i planiranju
obitelji, ¢ineéi identifikaciju fertilitetnih obrazaca
iznimno slozenim fenomenom.

Najcesc¢a mjera razine plodnosti u populaciji jest
ukupna stopa fertiliteta (TFR) koja oznacava pro-
sjecan broj Zivorodene djece koju bi prosje¢na Zena
rodila tijekom svojega reproduktivnog razdoblja,
uz pretpostavku nepromjenjivosti specifi¢nih stopa
fertiliteta prema dobi i uz izostanak smrtnosti. TFR
je, kao periodska stopa standardizirana prema dobi,
pouzdan pokazatelj ostvarene plodnosti jer nije ovi-
san o veli¢ini kohorte Zena u fertilnoj dobi (Cipin,
2022). Buduéi da se populacijska politika i razvoj-
ni prioriteti temelje na ocekivanim vrijednostima
TFR-a, definiranje fertilitetnih prostornih obrazaca
na nacionalnoj i subnacionalnoj razini ima klju¢nu
vaznost. Deskriptivni pristupi nude osnovni pregled
raspona TFR-a, dok se za kvantifikaciju prostornih
varijacija koriste napredni matematicko-statisticki i
prostorni modeli. Pritom se isticu geografski pon-
derirane regresije i prostorne panel-analize (Benassi
i Carella, 2023; Tragaki i Bagavos, 2019). Lokalni
regresijski modeli omoguéuju razumijevanje lokal-
nih utjecaja na prostornu varijabilnost TFR-a (Mu-
cciardi i Bertuccelli, 2013). Vitali i Billari (2017),
u okviru difuzionistickoga pristupa, isticu vaznost
kulturnih i ekonomskih pokazatelja te utjecaja su-
sjednih podruéja na prostorno-vremenske fertilitet-
ne obrasce. Primjeri brojnih istrazivanja pokazuju
da vrijednosti TFR-a u jednom prostoru pozitivno
koreliraju s onima u susjednim podrudjima, poten-
cijalno zbog sli¢nih ekonomskih uvjeta i drustve-
no-kulturoloskih norma (Campisi i dr., 2023; Ba-
sten i dr. 2012; Beli¢ i Miseti¢, 2021; Burillo i dr.
2020; Salvati i dr. 2020).
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The basic concepts, methods, and applications
of spatial autocorrelation are established and dis-
cussed by numerous authors (Anselin, 1988; Dubé
and Legros, 2014; Fischer and Getis, 2009; Getis
and Ord, 1992; Moran, 1948). Spatial autocorre-
lation is a fundamental concept in spatial analysis
and represents the correlation between the values of
a given feature and the geographically (locationally)
proximate values of the same variable (Diniz-Filho
et al., 2003). By applying various indicators, such as
Moran’s Index, Geary’s C, LISA (Local Indicators
of Spatial Association), Gi* statistics (Getis-Ord
Gi*), etc. the degree to which a set of spatial fea-
tures tends to cluster in space (positive spatial au-
tocorrelation) or tends to disperse (negative spatial
autocorrelation) is measured.

Based on the measurement of spatial autocor-
relation, it is possible to identify patterns of spatial
distribution of variables (Dubé and Legros, 2014).
Spatial analyses are focused on quantitative differ-
ences in the explanation or prediction of phenome-
na in space and are widely applied in demographic
research. Therefore, the frequent use of spatial au-
tocorrelation methods in fertility analyses, whether
independently or in combination with multivariate
approaches, is not surprising. The Global Moran’s
Index is used to identify hierarchical clusters of
similar TFR values, while the Local Moran’s Index
provides insight into spatial patterns within regions.
Due to their ability to detect local differences, both
variants are widely applied in national analyses of
fertility variability, as confirmed by numerous stud-
ies (Beli¢, 2023; Beli¢ and Miseti¢, 2021; Benassi
and Carella, 2023; Burillo et al., 2020; Campisi et
al., 2019; Egidi and Salvati, 2014; Jung et al., 2019;
Salvati et al., 2020; Tosun and Yang, 2018).

Spatial autocorrelation enables a multidimen-
sional approach to fertility variability — from the
analysis of spatial distribution and identification
of clusters of high and low values, to a deeper un-
derstanding of the influence of local factors, spa-
tial neighborhood, and changes in fertility patterns
over time, which is why it was chosen as the main
research method in this study.
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Osnovne koncepte, metode i primjene prostorne
autokorelacije postavljaju i problematiziraju brojni
autori (Anselin, 1988; Dubé i Legros, 2014; Fischer
i Getis, 2009; Getis i Ord, 1992; Moran, 1948). Pro-
storna autokorelacija temeljni je koncept u prostor-
noj analizi, a predstavlja korelaciju medu vrijedno-
stima jedne znacajke i geografski (lokacijski) bliskih
vrijednosti iste varijable (Diniz-Filho i dr., 2003).
Primjenom razli¢itih pokazatelja, primjerice Mora-
nova indeksa, Geary C indeksa, LISA-e (engl. Lo-
cal Indicators of Spatial Association), Gi* statistike
(Getis Ord-Gi®) i sl., mjeri se stupanj do kojega
skup prostornih jednica (entiteta) prema vrijedno-
sti pojave pokazuje tendenciju okupljanja u prostoru
(pozitivna prostorna autokorelacija) ili tendenciju
raspréivanja (negativna prostorna autokorelacija).

Na temelju mjerenja prostorne autokorelacije
moguce je izdvojiti obrasce prostorne raspodjele
varijabli (Dubé i Legros, 2014). Prostorne analize
usmjerene su na kvantitativne razlike u objasnjenju
ili predikciji fenomena u prostoru te nalaze §iro-
ku primjenu u demografskim istrazivanjima. Nije
stoga iznenadujuca Cesta primjena metoda pro-
storne autokorelacije u analizama fertiliteta, bilo
samostalno bilo u kombinaciji s multivarijantnim
pristupima. Globalni Moranov indeks koristi se za
identifikaciju hijerarhijskih klastera slicnih TFR
vrijednosti, dok lokalni Moranov indeks omogucuje
uvid u prostorne obrasce unutar regija. Zbog svoje
sposobnosti otkrivanja lokalnih razlika obje se vari-
jante §iroko primjenjuju u nacionalnim analizama
fertilitetne varijabilnosti, $to potvrduju brojna istra-
zivanja (Beli¢, 2023; Beli¢ i Miseti¢, 2021; Benassi
i Carella, 2023; Burillo i dr., 2020; Campisi i dr.,
2020; Egidi i Salvati, 2014; Jung i dr., 2019; Salvati
idr.,2020; Tosun i Yang, 2018).

Prostorna autokorelacija omogucuje visedimen-
zionalni pristup varijabilnosti fertiliteta — od analize
prostornoga razmjestaja i identifikacije klastera vi-
sokih i niskih vrijednosti do dubljega razumijevanja
utjecaja lokalnih ¢imbenika, prostornoga susjedstva
i promjena fertilitetnih obrazaca kroz vrijeme, zbog
ega je i izabrana kao temeljna istrazivacka metoda
u radu.



SPATIAL FRAMEWORK, DATA AND METHODS

'The paper is based on the clustering of total
fertility rate (TFR) values for the year 2021 at
the level of HR NUTS3 regions and the LAU
level. According to the National Classification
of Statistical Regions of the Republic of Croatia
from 2021, the NUTS3 level consists of 21 re-
gions (counties). Counties in Croatia are units
of regional self-government, while units of local
self-government are cities and municipalities that
belong to them administratively and territorially
(Law on Local and Regional Self-Government
NN33/01, 60/01, 129/05, 109/07, 125/08, 36/09,
150/11, 144/12, 19/13, 137/15, 123/17, 98/19,
144/20). The total number of regional and local
self-government units in Croatia is 576. The re-
search includes TFR values at the NUTS3 level
(21 units) and the local self-government or LAU
level (556 units). The boundaries of the analyzed
area correspond to the administrative-territorial
division of the Republic of Croatia into counties,
cities, and municipalities. The spatial distribution
of TFR at the mentioned levels refers to the 2021
census year, i.e. the latest official data on the pop-
ulation by sex and age. Total fertility rates are not
published in official (state) statistical sources and
publications and were therefore calculated for
2021 based on provided vital statistics data from
the Croatian Bureau of Statistics, i.e. data on the
age of mothers and the number of live births by
five-year age groups. TFR values for NUTS3 re-
gions were taken from the EUROSTAT platform.

'This study is based on a cross-sectional use of
the total fertility rate (T'FR) for the year 2021,
which entails certain methodological limitations.
TFR is a standardized indicator that provides an
up-to-date and easily interpretable picture of cur-
rent reproductive patterns (Bongaarts & Sobot-
ka, 2012). However, it is a hypothetical measure
that is sensitive to short-term fluctuations and to
the so-called tempo effect of delayed childbear-
ing. During periods of intense postponement of
births, TFR temporarily declines, only to increase
again once previously delayed births are realized.
A particular challenge is the year 2021, when the
TFR level in Croatia reached 1.63—one of the
highest values in the last decade (EUROSTAT,

PROSTORNI OKVIR, PODATCI | METODE

Rad se temelji na klasterizaciji vrijednosti to-
talne stope fertiliteta (TFR-a) 2021. godine na
razini HR NUTS3 regija i LAU razini. Prema
Nacionalnoj klasifikaciji statistickih regija Re-
publike Hrvatske 2021. godine, NUTS3 razinu
Cini 21 regija (Zupanija). Zupanijc su u Hrvatskoj
jedinice regionalne samouprave, dok su jedini-
ce lokalne samouprave gradovi i opéine koje im
administrativno i teritorijalno pripadaju (Zakon
o lokalnoj i podru¢noj (regionalnoj) samoupravi
NN33/01, 60/01, 129/05, 109/07, 125/08, 36/09,
150/11, 144/12, 19/13, 137/15, 123/17, 98/19,
144/20). Ukupan broj jedinica regionalne i lokal-
ne samouprave u Hrvatskoj je 576. Istrazivanje
obuhvaca vrijednosti TFR-a na NUTS3 razini
(21 jedinica) te razini jedinica lokalne samouprave
ili LAU razini (556). Granice analiziranoga pod-
rucja podudaraju se s administrativno-teritorijal-
nom podjelom Republike Hrvatske na Zupanije,
gradove i opéine. Prostorna distribucija TFR-a na
spomenutim razinama odnosi se na popisnu 2021.
godinu, tj. zadnje sluzbene podatke o sastavu sta-
novni§tva prema spolu i starosti. Stope ukupnoga
(totalnoga) fertiliteta ne objavljuju se u sluzbenim
(drzavnim) statistickim izvorima i publikacijama
te su stoga izracunate za 2021. godinu na temelju
ustupljenih podataka vitalne statistike Drzavnoga
zavoda za statistiku Republike Hrvatske, tj. poda-
taka o starosti majki i broju Zivorodenih po peto-
godisnjim dobnim skupinama. Vrijednosti TFR-a
za NUTS3 regije preuzeti su s EUROSTAT-ove

platforme.

Treba istaknuti da se istrazivanje temelji na
prosje¢nom koristenju ukupne stope fertiliteta
(TFR) za 2021. godinu, $to nosi odredena meto-
doloska ogranicenja. TFR je standardizirani po-
kazatelj koji pruza azurnu i lako tumacecu sliku
o aktualnim reproduktivnim obrascima (Bon-
gaarts i Sobotka, 2012), no rije¢ je o hipotetskoj
mjeri osjetljivoj na kratkoro¢ne oscilacije i tzv.
tempo-efekt odgode radanja. Tijekom razdoblja
najintenzivnije odgode radanja TFR privremeno
pada, a poraste kasnije, kad se odgodena radanja
realiziraju. Poseban izazov predstavlja 2021. godi-
na, u kojoj je razina TFR-a u Hrvatskoj iznosila
1,63 — jedna od visih vrijednosti u posljednjem
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2022). This increase, partly linked to short-term
circumstances, may diverge from longer-term
trends (Cipin et al., 2024). Comparisons of pe-
riod TFR with cohort fertility indicators suggest
that fertility in Croatia is underestimated by ap-
proximately 0.2 children per woman (Beli¢, 2025),
with differences being more pronounced in rural
areas (0.3-0.4) than in urban areas (around 0.1).
Since most of the analyzed LAU units are rural
and transitional areas, it is possible that the TFR
partly masks the actual fertility patterns, which
may contribute to the weaker and more frag-
mented spatial autocorrelation observed in the
results. These limitations do not diminish the val-
ue of applying spatial methods, rather they point
to the need for contextualization of findings and
cautious interpretation of results. In line with the
established practice of research on spatial patterns
of fertility based on one-year data (Campisi et al.,
2020; Bongaarts & Sobotka, 2012), it is necessary
to emphasize that the cross-sectional TFR has
methodological limitations and to consider their
potential impact on the outcomes.

Global spatial autocorrelation of fertility was
analyzed using the Global Moran’s Index (IMo-
ran’s I), while for a more detailed insight into
spatial differences in fertility at the NUTS3 and
LAU levels, the Local Moran’s Index (I.ocal Mo-
rans I, LISA — Local Indicators of Spatial Auto-
correlation) was used. A positive value of Moran’s
I indicates a tendency to form clusters of high or
low fertility, while a negative value suggests that
areas with high fertility are surrounded by those
with low fertility and vice versa.? In the context of
this study, the definition of high and low fertility
is based on the statistical approach of spatial au-
tocorrelation, not on the range of absolute values
(absolute thresholds). A value close to zero indi-

2 Low fertility refers to fertility below the replacement level (sub-repla-
cement fertility), where TFR is less than 2.1 children per woman, whi-
ch is the level required to maintain population size in most developed
countries. In some countries with higher mortality, the replacement
level can be up to 3.4. Very low fertility refers to a TFR below 1.5
children per woman. Lowest-low fertility refers to a TFR below 1.3
children per woman. This level is often found in East Asian and Sout-
hern European countries. On the other hand, high fertility refers to a
TFR of 5.0 or more. This level is often associated with less developed
countries where high birth rates result from social and economic fa-
ctors, such as lack of access to contraception and lower levels of female
education. See: Billari and Kohler, 2004; Chen et al., 2024..
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desetlje¢u (EUROSTAT, 2022). Taj porast, dije-
lom povezan s kratkoro¢nim okolnostima, moze
odstupati od dugorocnijih trendova (Cipin idr.,
2024). Usporedbe periodskoga TFR-a s prila-
godenim i kohortnim pokazateljima upuéuju na
podcjenjivanje stvarne razine fertiliteta za pribliz-
no 0,2 djeteta po zeni (Beli¢, 2025), pri ¢emu su
razlike izraZenije u ruralnim (0,3 — 0,4) nego u
urbanim podrudjima (oko 0,1). Buduéi da veéinu
analiziranih LAU jedinica ¢ine ruralna i prijelazna
podrugja, moguée je da TFR djelomi¢no maski-
ra stvarne obrasce fertiliteta, §to moze pridonijeti
slabijoj i rascjepkanijoj prostornoj autokorelaciji.
Takva ogranienja ne umanjuju vrijednost pri-
mjene prostornih metoda, ve¢ upucuju na potrebu
kontekstualizacije nalaza i oprezne interpretacije
rezultata. U skladu s praksom istrazivanja prostor-
nih obrazaca fertiliteta na jednoj godini (Campi-
si i dr, 2020; Bongaarts i Sobotka, 2012), nuzno
je naglasiti da presjecni (cross-sectional) TFR ima
metodoloska ogranicenja te razmotriti njihov mo-
gudi utjecaj na rezultate.

Globalna prostorna autokorelacija fertiliteta
analizirana je pomocu globalnog Moranova indek-
sa (Moran’s I), dok je za detaljniji uvid u prostorne
razlike fertiliteta na NUTS3 i LAU razini kori-
sten lokalni Moranov indeks (engl. Local Moran’s
I, LISA, Local Indicators of Spatial Autocorrela-
tion). Pozitivna vrijednost Moranova I upucuje na
tendenciju formiranja klastera visokoga ili niskoga
fertiliteta, dok negativna vrijednost sugerira da su
podrudja s visokim fertilitetom okruzena onima s
niskim i obrnuto.? U kontekstu ovoga istrazivanja
definicija visokoga i niskoga fertiliteta temelji se
na statistickom pristupu prostornoj autokorelaciji,
a ne na rasponu apsolutnih vrijednosti (apsolutnih
pragova). Vrijednost blizu nule upuéuje na odsut-

nost prostorne autokorelacije, §to sugerira nasu-

2 Niski fertilitet jest onaj ispod zamjenske razine (sub-replacement ferti-
lity), gdje je TFR manji od 2,1 djece po Zeni, §to je razina potrebna za

odrzavanje populacije u veéini razvijenih zemalja. U nekim zemljama

s vi§im mortalitetom zamjenska razina moze biti i do 3,4. Vrlo niski
fertilitet (very low fertility) jest onaj gdje je TFR manji od 1,5 djece po
Zeni. NajniZi fertilitet (lowest-low fertility) jest onaj gdje je TFR manji
od 1,3 djece po Zeni. Ta razina Cesto se javlja u isto¢noazijskim i juz-
noeuropskim zemljama. S druge strane, visoki fertilitet jest onaj gdje
je TFR od 5,0 ili viSe. Ta se razina esto povezuje s manje razvijenim
zemljama, gdje su visoke stope nataliteta rezultat drustvenih i ekonom-
skih ¢imbenika poput nedostatka pristupa kontracepciji i nize razine
obrazovanja Zena. Vidjeti: Billari i Kohler, 2004; Chen i dr. 2024.



cates the absence of spatial autocorrelation, which
suggests a random distribution of the observed
feature (Moran, 1948). The reliability of the re-

sults was assessed using p-values and z-values.

A key element of these calculations is the spa-
tial weights matrix, which formally specifies the
spatial relationships among units. It assigns to
each unit a set of neighboring units and numerical
weights that quantify the intensity of their mu-
tual connectivity. In this study, a first-order gueen
contiguity criterion was applied, whereby units
are defined as neighbors if they share a common
boundary or vertex. This definition is particularly
suitable for irregular administrative polygons, as
it ensures that each unit has at least one neighbor
and allows for the inclusion of a larger number
of neighboring relations. Based on this spatial
weights matrix, calculations of global and local in-
dicators of spatial autocorrelation were conducted.

The Local Moran’s Index (LISA) enables the
identification of local spatial clusters, such as
High-High (HH) areas of high fertility surround-
ed by similarly high-fertility values, and Low-
Low (LL) areas of low fertility with a low-fertility
environment. This categorization allows for the
recognition of spatial fertility patterns without the
need for universal thresholds that can be analyzed
separately. LISA also detects spatial anomalies—
High-Low and Low-High clusters—which in-
dicate deviations compared to neighboring areas
(regions) (Anselin, 1995). To identify zones with
pronounced fertility patterns, the Getis-Ord Gi*
statistic was also used. It identifies so-called hot
spots and cold spots, i.e. areas with exceptionally
high or low fertility. Using z-values, the Gi* statis-
tic measures the intensity of spatial clustering and
provides a clearer representation of the concentra-
tion and spatial intensity of a given phenomenon
(Getis, 2008). After collecting and processing the
vital statistics data obtained upon author request,
total fertility rates (TFR) for all cities and munic-
ipalities for the year 2021 were calculated accord-
ing to the following formula:

mi¢nu raspodjelu promatranoga obiljezja (Moran,
1948). Pouzdanost rezultata procijenjena je po-
mocu p-vrijednosti i z-vrijednosti.

Klju¢ni element ovih izracuna jest prostorna te-
Zinska matrica, koja formalno specificira prostor-
ne odnose medu jedinicama. Ona svakoj jedinici
pridruzuje skup susjednih jedinica te numericke
tezine koje kvantificiraju intenzitet njihove medu-
sobne povezanosti. U ovom istrazivanju koristen
je pristup queen contiguity prvoga reda, pri cemu
se jedinice definiraju kao susjedne ako dijele za-
jednicku granicu ili vrh. Ovakva definicija osobito
je pogodna za rad s nepravilnim administrativnim
poligonima jer osigurava da svaka jedinica ima
najmanje jednoga susjeda i omogudéuje obuhva-
¢anje vecega broja susjednih odnosa. Na temelju
tako specificirane tezinske matrice provedeni su
izracuni globalnih i lokalnih pokazatelja prostorne
autokorelacije.

Lokalni Moranov indeks (LISA) omoguéuje
identifikaciju lokalnih prostornih klastera, kao $to
su High-High (HH) podrugja visokoga fertiliteta
okruzena sli¢nim visokofertilitetnim vrijednosti-
ma te Low-Low (LL) podrucja niskoga fertiliteta
i niskofertilitetnoga okruzenja. Ova kategorizaci-
ja omogucuje prepoznavanje prostornih obrazaca
fertiliteta bez potrebe za univerzalnim pragovi-
ma koji se mogu zasebno analizirati. LISA tako-
der detektira prostorne anomalije — High-Low i
Low-High klastere — koje upucuju na odstupanja
u odnosu na susjedna podrudja, tj. regije (Anselin,
1995). Za identifikaciju zona s izraZenim fertilitet-
nim obrascima koristena je i Getis-Ord Gi* stati-
stika. Ona prepoznaje tzv. vruce tocke (bof spots) i
hladne tocke (cold spots), odnosno podrudja s izra-
zito visokim ili niskim fertilitetom. Pomoéu z-vri-
jednosti Gi* statistika mjeri intenzitet prostorne
grupiranosti te pruza jasniji prikaz koncentracije
i prostornoga intenziteta odredene pojave (Getis,
2008). Nakon prikupljanja i obrade podataka vi-
talne statistike dobivenih na autorski zahtjev izra-
¢unate su ukupne ili totalne stope fertiliteta (T'FR)
svih gradova i opéina 2021. godine prema izrazu:
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where ASFR represents the age-specific fertility
rate for age group x, calculated using the formula:

The calculation of TFR enables a standardized
assessment of fertility at different spatial levels by
eliminating the influence of the age structure of the
female population. Although fertility fluctuations
are a common topic in Croatian demographic re-
search, previous studies have mostly relied on the
analysis of crude birth rates (CBR) at various spatial
and temporal levels. Such findings, although valua-
ble for understanding the spatial-temporal dynamics
of vital events, are not a precise indicator of realized
fertility since they include the total population. Giv-
en that data on total fertility rates are not available
at the LAU level, the first analytical procedure in-
cluded the calculation of TFR for all cities and mu-
nicipalities in 2021, in order to apply the selected
research methods based on the obtained values, and
thus achieve the main goal of the research, which is
the identification of differentiated fertility patterns
at the LAU level and the comparison of micro-re-

gional differences at the LAU and NUTS3 levels.

'The analysis was conducted in the Python pro-
gramming language, within the Jupyter Notebook
environment and the Positron application, which
enabled the integration of code, text, and visuali-
zations within a unified research interface. Special-
ized packages for spatial and statistical analysis were
used, such as geopandas, libpysal, contextily, and
matplotlib. Jupyter Notebook and Positron allowed
for tracking the analytical workflow and creating
reproducible reports, while part of the analysis was
additionally conducted in QGIS, emphasizing the
value of open-source tools in geographic research.
'This approach relies on the principles of geograph-
ic data science and enables the detection of spatial
patterns that are not easily observable through tradi-
tional statistical approaches (Singleton and Arribas
Bel, 2019). In this context, the use of advanced spa-
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pri cemu ASFR predstavlja specifinu stopu fertili-
teta za dobnu skupinu x, koja se racuna formulom:

Izracun TFR-a omogucuje standardiziranu pro-
¢jenu fertiliteta na razlicitim prostornim razina-
ma uklanjanjem utjecaja dobne strukture Zensko-
ga stanovnistva. lako su oscilacije fertiliteta Cesta
tema u hrvatskim demografskim istrazivanjima,
dosadasnja se istrazivanja uglavnom oslanjaju na
analizu opcih stopa nataliteta (engl. CBR; Crude
Birth Rate) na razli¢itim prostornim i vremenskim
razinama. Takva saznanja, premda vrijedna za ra-
zumijevanje prostorno-vremenske dinamike vital-
nih dogadaja, nisu precizan pokazatelj ostvarene
plodnosti s obzirom na to da obuhvacaju ukupno
stanovnistvo. Buduéi da podatci o ukupnim stopa-
ma plodnosti nisu dostupni za LAU razinu, prvi
je analiticki postupak obuhvatio izratun TFR-a za
sve gradove i opéine 2021. da bi se, prema dobive-
nim vrijednostima, primijenile odabrane istrazivac-
ke metode, tj. ostvario temeljni cilj istrazivanja, a to
je identifikacija diferenciranih fertilitetnih obraza-
ca na LAU razini te usporedba mikro-regionalnih

razlika na LAU 1 NUTS3 razini.

Analiza je provedena u programskom jeziku
Python, unutar okruzenja Jupyter Notebook i apli-
kacije Positron, $to je omogudilo integraciju koda,
teksta i vizualizacija unutar jedinstvenoga istrazi-
vackog sucelja. Koristeni su specijalizirani paketi
za prostornu i statisticku analizu poput geopandas,
libpysal, contextily i matplotlib. Jupyter Notebook i
Positron omogudili su pracenje analitickoga tijeka
i izradu ponovljivih izvjestaja, dok je dio analize
dodatno proveden u QGIS-u, ¢ime je naglasena
vrijednost otvorenih alata u geografskim istrazi-
vanjima. Ovakav pristup oslanja se na principe
geografske podatkovne znanosti i omogucuje de-
tekciju prostornih obrazaca koji tradicionalnim
statistickim pristupima nisu lako uocljivi (Sin-

gleton i Arribas Bel, 2019). Pritom izbor napred-



tial statistical methods, the application of free tools
in spatial research, the choice of the main develop-
ment environment, the transparency of the analysis,
and similar aspects are highlighted as key scientif-
ic-research contributions to the development of the
mentioned concept, using the example of a single
demographic variable (fertility).

The methodological approach is based on the
main hypothesis of testing the existence of spatial
autocorrelation (H1), with three sub-hypotheses that
guide the research process (H1a, H1b, and Hlc);

H1: The values of the total fertility rate (TFR) in
Croatia show statistically significant spatial auto-

correlation at the NUTS3 and LAU levels.

H1a: The territory of Croatia is characterized by
the presence of statistically significant local clus-
ters of low and high TFR values (Low-Low and
High-High), with their spatial concentration ex-
pected in certain areas.

H1b: The majority of the total variability in TFR
is attributable to differences between LAU units
within counties, while variability between coun-
ties is negligible, which confirms the importance
of micro-spatial analysis of fertility.

Hiec: Statistically significant clusters with high TFR
values (High-High) spatially overlap with fertil-
ity hotspots identified by the Getis-Ord Gi* sta-
tistic, and it is assumed that some of them exceed
the replacement fertility threshold (TFR > 2.1).

RESULTS AND DISCUSSION

A In relation to the replacement fertility thresh-
old of 2.10, a total of 82 local self-government units
(LAU) or 14.74% of all LAUs in Croatia had a
higher TFR, i.e. 9 cities (7.0% of all cities in Croa-
tia including the City of Zagreb) and 73 municipal-
ities (17.1%), while 472 LAUs or 84.9% had a lower
TFR (including 119 cities and 353 municipalities),
and two LAUs (municipalities) did not register
any vital events (births). In 2021, the national TFR
value was 1.63 (EUROSTAT, 2022), with 6 LLAUs
having the same TFR value, 298 LAUs a higher
value (53.6% of all LAUs), and 249 LAUs a lower
value (44.8% of all LAUs). The average TFR value

nih prostornih statistickih metoda, primjena be-
splatnih alata u prostornim istraZivanjima, odabir
glavnoga razvojnog okruzenja, transparenetnost
analize i sl. isticemo kao glavne znanstveno-istra-
Zivacke doprinose u razvoju spomenutoga kon-
cepta, a na primjeru jedne demografske varijable
(fertiliteta).

Metodoloski se pristup temelji na osnovnoj hi-
potezi testiranja postojanja prostorne autokorelaci-
je (H1) s tri podvarijante koje usmjeravaju istrazi-

vacki postupak (H1a, H1b i H1c).
H1: Vrijednosti ukupne stope fertiliteta (TFR) u

Hrvatskoj pokazuju statisticki znacajnu prostor-

nu autokorelaciju na NUTS3 i LAU razini.

H1la: Prostor Hrvatske karakterizira postojanje
statisticki znacajnih lokalnih klastera niskih i
visokih vrijednosti TFR-a (Low-Low i High-
High), pri ¢emu se ocekuje njihova prostorna

koncentracija u odredenim podru¢jima.

H1b: Vedi dio ukupne varijabilnosti TFR-a odnosi
se na razlike izmedu LAU jedinica unutar Zupa-
nija, dok je medu Zupanijama ona zanemariva,
§to potvrduje vaznost mikroprostorne analize
fertiliteta.

Hiec: Statisticki znacajni klasteri s visokom vrijed-
nosti TFR-a (High-High) prostorno se poduda-
raju s fertilitetnim hozspotovima Getis-Ord Gi*
statistike te se pretpostavlja da dio njih premasu-
je prag zamjenske razine fertiliteta (TFR > 2.1).

REZULTATI | RASPRAVA

U odnosu na grani¢nu vrijednost zamjenskoga
fertiliteta od 2,10 ukupno je 82 JLS-a ili 14,74 %
svih JLS-a u Hrvatskoj imalo visi TFR, . 9 gra-
dova (7,0 % svih gradova u RH ukljucujuéi i Grad
Zagreb) te 73 opéina (17,1 %), a nizi ukupno 472
JLS-a1ili 84,9 % (od toga 119 gradova i 353 opéina),
dok dva JLS-a (opéine) nisu imala registriranu po-
javu vitalnoga dogadaja (rodenja). TFR je 2021. go-
dine na drzavnoj razini iznosio 1,63 (EUROSTAT,
2022), a ukupno je 6 JLS-ova imalo istu vrijednost
TFR-a, 298 JLS-ova visu (53,6 % svih JLS-ova), a
249 JLS-ova nizu vrijednost (44,8 % svih JLS-ova).
Prosjecna vrijednost TFR-a u gradovima je 2021.
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Tab. 1 TFR values atf the NUTS3 level in 2021.
Tab. 1. Vrijednosti TFR-a na NUTS3 razini 2021. godine

NUTS3 region

/NUTS3 regija 1l
Medimurska Zupanija 1,93
Bjelovarsko-bilogorska Zupanija 1,79
Viroviti¢ko-podravska Zupanija 1,79
Licko-senjska Zupanija 1,77
Koprivnicko-krizevacka Zupanija 1,76
Dubrovacko-neretvanska Zupanija 1,75
Zadarska Zupanija 1,74
Brodsko-posavska Zupanija 1,70
Pozesko-slavonska Zupanija 1,68
Vukovarsko-srijemska Zupanija 1,68
Sisa¢ko-moslavacka Zupanija 1,68
Splitsko-dalmatinska Zupanija 1,65
Zagrebacka Zupanija 1,64
Osjecko-baranjska Zupanija 1,62
Sibensko-kninska zupanija 1,59
Varazdinska Zupanija 1,56
Krapinsko-zagorska Zupanija 1,54
Grad Zagreb 1,53
Karlovacka Zupanija 1,49
Istarska Zupanija 1,49
Primorsko-goranska Zupanija 1,46

Source: EUROSTAT, (2022)
lzvor: EUROSTAT, (2022)

in cities in 2021 was 1.65, and slightly higher in
municipalities—1.85. TFR ranges at the NUTS3
level were between 1.46 (Primorje-Gorski Kotar
County) and 1.93 (Medimurje County) (Tab. 1).

After a brief overview of fertility trends at both
considered levels, spatial autocorrelation was analyz-
ed using the values of the Global and Local Moran’s
Index. When observing the results at the NUTS3
spatial level (Fig. 1.a), spatial clustering of units is
evident. LISA analysis indicates the presence of four
types of clusters: High-High (HH) with 9 units;
Low-Low (LL) with 6 units; Low-High (LH) with
4 units; and High-Low (HL) with 2 units.

Spatial relationships between clusters are deter-
mined by spatial weights, which define the neigh-
borhood of units and the method of calculating
spatial autocorrelation. This refers to a matrix sys-
tem of relationships between spatial units, which
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godine bila 1,65,a u opé¢inama nesto visa, 1,85. Ras-
poni TFR-a NUTS 3 razine su izmedu 1,46 (Pri-
morsko-goranska Zupanija) i 1,93 (Medimurska
Zupanija) (tab.1).

Nakon kratkoga pregleda fertilitetnih trendova na
objema razmatranim razinama analizirana je prostor-
na autokorelacija iskazana vrijednostima globalnoga i
lokalnoga Moranova indeksa. Ako se promotre rezul-
tati na NUTS3 prostornoj razini (sl. 1), uo¢ava se pro-
storno klasteriranje jedinica. LISA analiza upucuje na
prisutnost etiriju tipova klastera: High-High (HH)
s 9 jedinica, Low-Low (LL) sa 6 jedinica, Low-High
(LH) s 4 jedinice i High-Low (HL) s 2 jedinice.

Prostorne relacije izmedu klastera odreduju se
prostornim ponderima koji definiraju susjedstvo
jedinica i nacin izracuna prostorne autokorelacije.
Rije¢ je o matri¢nom sustavu odnosa izmedu pro-

stornih jedinica kojim se odreduje koje su veze re-




determines which connections are relevant for the
analysis. To quantify the deviation of individual
units from the average, the z-score is used, which
shows how far the TFR of a given unit deviates
from the average value in the dataset, expressed in
standard deviations. Z-scores allow for the identi-
fication of significant deviations and were used as
one of the criteria for determining clusters. In the
context of spatial analysis, z-scores are used as one
of the criteria for identifying clusters, with refer-
ence thresholds defined as follows:

* Z > 1 — units with above-average fertility,
potential HH clusters if surrounded by units
with similarly high values.

* Z < -1 — units with below-average fertility,
potential LL clusters if surrounded by units
with similarly low values.

The Global Moran’s Index (I = 0.2580) indi-
cates a moderate positive spatial autocorrelation,
while the p-value of 0.0470 confirms statistical
significance at a 95% confidence level. These results
confirm the existence of statistically significant
spatial autocorrelation of total fertility rate (TFR)
values at the NUTS3 level, thereby supporting the
hypothesis of spatial clustering of similar fertility
values. Although the LISA analysis shows several
local clusters, only one High-High cluster was con-
firmed as statistically significant (p < 0.05), which
is Koprivnica-Krizevci County, indicating limit-
ed spatial connectivity of fertility values between
NUTSS3 regions (Fig. 1 and Fig. 2).

Although the TFR of Koprivnica-Krizevci County
is 1.79—which is equal to or lower than that of neigh-
boring counties—its classification as a High-High
(HH) cluster does not result from absolute values, but
from the spatial distribution of fertility. The analysis
uses the Local Moran’s Index, defined by the formula:

where I represents the index value for county i, Z,
and Zj are the standardized TFR values, and Wij is
the spatial weight defining the neighborhood be-
tween units i and j. A key point is that Koprivni-
ca-Krizevei County is the only unit with statisti-
cally significant spatial autocorrelation (p < 0.05),

levantne za analizu. Za kvantificiranje odstupanja
pojedinih jedinica od prosjeka koristi se z-vrijed-
nost (z-score), koja pokazuje koliko je TFR odrede-
ne jedinice udaljen od prosjecne vrijednosti u sku-
pu podataka, izrazeno u standardnim devijacijama.
Z-vrijednosti omogucuju identifikaciju znacajnih
odstupanja i koriStene su kao jedan od kriterija za
odredivanje klastera. U kontekstu prostorne anali-
ze z-vrijednosti koriste se kao jedan od kriterija za
identifikaciju klastera, pri ¢emu su referentni prago-
vi definirani na sljedeéi nacin:

*Z > 1 — jedinice s iznadprosje¢nim fertilite-
tom, potencijalni HH klasteri ako su okruzeni
jedinicama s takoder visokim vrijednostima.

* Z < -1 — jedinice s ispodprosjecnim fertilite-
tom, potencijalni LL klasteri ako su okruzeni

jedinicama s takoder niskim vrijednostima.

Globalni Moranov indeks (I = 0.2580) upucu-
je na umjerenu pozitivnu prostornu autokorelaciju,
dok p-vrijednost od 0.0470 potvrduje statisticku
znacajnost na razini od 95 % pouzdanosti. Ovi
rezultati potvrduju postojanje statisticki znacajne
prostorne autokorelacije vrijednosti ukupne stope
fertiliteta (TFR) na NUTS3 razini, ¢ime se po-
tvrduje hipoteza o prostornom grupiranju sli¢nih
vrijednosti fertiliteta. Iako LISA analiza prikazuje
vise lokalnih Kklastera, jedan je High-High klaster
potvrden kao statisticki znacajan (p < 0.05), a to je
Koprivnicko-krizevacka Zupanija, $to upucuje na
ogranienu prostornu povezanost vrijednosti ferti-

liteta izmedu NUTS3 regija (sl. 1 i sl. 2).

Tako TFR Koprivnicko-krizevacke Zupanije
iznosi 1,79 — §to je jednako ili niZe od susjednih Zu-
panija — njezina kategorizacija u High-High (HH)
klaster ne proizlazi iz apsolutnih vrijednosti, ve¢ iz
prostorne distribucije fertiliteta. U analizi se koristi
lokalni Moranov indeks, definiran formulom:

gdje I predstavlja vrijednost indeksa za Zupaniju 4,
Z,i Z su standardizirane vrijednosti TFR-a, a W,
prostorni ponder koji definira susjedstvo izmedu
jedinica 7 i j. Klju¢na je ¢injenica da je Koprivnic-
ko-krizevacka Zupanija jedina jedinica s prostorno
statisticki znacajnom autokorelacijom (p < 0,05),
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Fig. 1 Spatial autocorrelation at the NUTS3 (LAU) level in Croatia
SI. 1. Prostorna autokorelacija na NUTS3 razini u Hrvatskoj

confirming that its fertility is consistent with the
pattern of neighboring counties (Fig. 3).

Further analysis was conducted on spatial pat-
terns and the degree of association between the val-
ues of the Global Moran’s Index and the local indi-
cators of spatial autocorrelation (LISA). The results
shown on the maps (Fig. 2) indicate the presence
of spatial clustering, but with significant differences

compared to the NUTS3 level.

LISA analysis shows four types of spatial associ-
ation: Low-Low (LL) with 180 units, High-High
(HH) with 165, Low-High (LH) with 109, and
High-Low (HL) with 102 units (Fig. 2.a). However,
using the statistical significance threshold (p < 0.05),
only 70 LAU units fall into significant clusters (Fig.
3.b), indicating a relatively fragmented spatial pat-
tern. The largest grouping of HH clusters is observed
in parts of Moslavina and Podravina, central Lika,
western Slavonia, and the Zadar hinterland, while
LL clusters are concentrated in the Kupa River area,
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§to potvrduje da je njezin fertilitet u skladu s obras-
cem susjednih Zupanija (sl. 3).

Nadalje su analizirani prostorni obrasci i stupanj
povezanosti vrijednosti globalnoga Moranova in-
deksa i lokalnih indikatora prostorne autokorela-
cije (LISA). Rezultati prikazani na kartama (sl. 2)
ukazuju na prisutnost prostornoga grupiranja, ali uz
znacajne razlike u odnosu na NUTS3 razinu.

LISA analiza pokazuje Cetiri tipa prostor-
ne povezanosti: Low-Low (LL) sa 180 jedinica,
High-High (HH) sa 165, Low-High (LH) sa 109
i High-Low (HL) sa 102 jedinice (sl 2a). Medu-
tim, uz prag statisti¢ke znacajnosti (p < 0.05), samo
70 LAU jedinica ulazi u znacajne klastere (sl. 3b),
§to upucuje na razmjerno fragmentiran prostorni
obrazac. Najvece grupiranje HH klastera uocava se
u dijelovima Moslavine i Podravine, sredi$njoj Lici,
zapadnoj Slavoniji i zadarskom zaledu, dok su LL
klasteri koncentrirani u pokupskom podrudju, Kor-
dunu i sredi$njoj Istri. Z-vrijednosti potvrduju da



Fig. 2 Spatial autocorrelation at the NUTS3 level in Croatia
SI. 2. Prostorna autokorelacija na NUTS3 razini u Hrvatskoj

Kordun, and central Istria. Z-values confirm that
units in HH clusters have significantly above-average
tertility, with some regions standing out with values
above 2, i.e. more than two standard deviations above
the mean. LL clusters include regions with extremely
low fertility (z < —1). This spatial distribution con-
firms clearly separated patterns and indicates a spatial
concentration of similar demographic characteristics,
thereby also confirming hypothesis H1a (Fig. 4).

The Global Moran’s Index (I = 0.0819) indicates
weak but statistically significant positive spatial au-
tocorrelation, which means that units with similar
TFR values still tend to cluster, but with less spatial
cohesion compared to the NUTS3 level. The ex-
pected index under the assumption of random dis-
tribution is -0.0018, and the z-value of 2.9197 in-
dicates a significant deviation from random spatial
distribution. Statistical significance is confirmed at
a 95% confidence level (p = 0.0040), which leads to
the rejection of the null hypothesis of spatial ran-
domness.

jedinice u HH klasterima imaju znatno iznadpro-
sjecan fertilitet, pri cemu se neke regije izdvajaju s
vrijednostima veé¢ima od 2, odnosno vise od dvije
standardne devijacije iznad prosjeka. LL klasteri
obuhvacaju regije s izrazito niskim fertilitetom (z
< — 1). Ova prostorna raspodjela potvrduje jasno
razdvojene obrasce i upucuje na prostornu koncen-
traciju slicnih demografskih karakteristika, ¢ime je
hipoteza H1a takoder potvrdena (sl. 4).

Globalni Moranov indeks (I = 0.0819) upucuje
na slabu, ali statisticki znacajnu pozitiviu prostor-
nu autokorelaciju, §to znadi da jedinice sa sli¢nim
TFR-om ipak imaju tendenciju grupiranja, ali s ma-
njom prostornom kohezijom u usporedbi s NUTS3
razinom. Ocekivani indeks pod pretpostavkom
slucajne distribucije iznosi —0.0018, a z-vrijednost
od 2.9197 upucuje na znacajno odstupanje od slu-
¢ajne prostorne distribucije. Statisticka znacajnost
potvrdena je na razini od 95 % pouzdanosti (p =
0.0040), zbog Cega je odbacena hipoteza prostorne
slucajnosti.
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Fig. 3 Spatial autocorrelation at the LAU level in Croatia
SI. 3. Prostorna autokorelacija na LAU razini u Hrvafskoj

When comparing Global Moran’s Index values, it
is important to distinguish between statistical signif-
icance and effect size. Statistical significance (p- and
z-values) indicates the likelihood that the observed
spatial pattern is not random. At the LAU level, due
to the large number of smaller units, even low spatial
autocorrelation (e.g. Moran’s I = 0.0819) can be sta-
tistically significant (p < 0.05), indicating a slight but
real clustering of similar TFR values. In contrast, at
the NUTS3 level—with a smaller number of larger
units; higher index values are required for clustering
to be clearly expressed. Therefore, the interpretation
of results should be aligned with the spatial level
of analysis, as the strength of the effect varies de-
pending on the size and number of units. TFR, as a
general indicator, requires such contextualization for
proper interpretation of spatial patterns.

Out of 29 local self-government units with
more than 20,000 inhabitants, only 9 have a higher
TFR than the NUTS3 level, and these are: Slavon-
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Prilikom usporedbe vrijednosti galobalnog
Moranova indeksa vazno je razlikovati statisticku
znacajnost od veli¢ine ucinka. Statisticka znacaj-
nost (p- i z-vrijednosti) pokazuje vjerojatnost da
uoCeni prostorni obrazac nije slucajan. Na LAU
razini, zbog velikog broja manjih jedinica, i niska
prostorna autokorelacija (npr. Moran’s I = 0.0819)
moze biti statisticki znacajna (p < 0.05), upuéujuci
na blago, ali realno grupiranje sliénih TFR vrijed-
nosti. Nasuprot tomu, na NUTS3 razini — s manjim
brojem vecih jedinica — potrebne su vece vrijednosti
indeksa da bi grupiranje bilo jasno izrazeno. Stoga
interpretaciju rezultata treba uskladiti s prostornom
razinom analize jer jacina ucinka varira ovisno o
veli¢ini i broju jedinica. TFR kao opéi pokazatel;
zahtijeva takvu kontekstualizaciju za ispravno tu-
macenje prostornih obrazaca.

Od 29 jedinica lokalne samouprave s vise
od 20.000 stanovnika samo 9 ima veéi TFR od
NUTS3 razine, a to su: Slavonski Brod, Dubrovnik,



Fig. 4 Relationship and spatial distribution of clusters and z-values
SI. 4. Meduodnos i prostorna raspodiela klastera i z-vrijednosti

ski Brod; Dubrovnik; Krizevci; Kutina; Petrinja;
Sinj; Solin; Sibenik; and Vinkovci. All other local
self-government units have a lower TFR than the

county, i.e. NUTS3 level (Fig. 5; Table 2).

This finding indicates that fertility in larger ur-
ban centers generally remains below the county
average, confirming the broader pattern of low-
er fertility in urban environments compared to
smaller towns and rural areas. Exceptions (such
as Slavonski Brod, Dubrovnik, KriZevci, or Sinj)
point to the presence of specific local factors—
such as more favorable socio-economic condi-
tions, migration patterns, or the availability of
family-oriented services—that may contribute to
higher fertility rates. This further underlines the
importance of micro-level analysis, since local var-
iations cannot be fully captured by observing only
aggregated county-level data.

By applying a multilevel (random-intercept)
model, with Local Administrative Units (LAU)

Krizevei, Kutina, Petrinja, Sinj, Solin, Sibenik, Vin-
kovci. Sve ostale jedinice lokalne samouprave imaju
nizi TFR od Zupanijske, odnosno NUTS3 razine
(sl. 5; tab. 2).

Ovaj nalaz pokazuje da se u ve¢im urbanim sre-
distima fertilitet uglavnom zadrzava na nizoj razini
od Zupanijskoga prosjeka, $to potvrduje op¢i obra-
zac nizega fertiliteta u gradskim sredinama u od-
nosu na manje gradove i ruralna podru¢ja. Iznimke
(poput Slavonskog Broda, Dubrovnika, Krizevaca
ili Sinja) upuduju na postojanje specifi¢nih lokalnih
¢imbenika — poput povoljnijih socio-ekonomskih
prilika, migracijskih obrazaca ili dostupnosti uslu-
ga za obitelji — koji mogu djelovati u smjeru visih
stopa fertiliteta. Time se dodatno potvrduje vaznost
analize na mikroprostornoj razini jer se lokalne
varijacije ne mogu uoditi isklju¢ivo promatranjem

agregiranih Zupanijskih podataka.

Primjenom viSerazinskoga (random-intercept)
modela, u kojem su jedinice lokalne samouprave
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Tab. 2 LAUs with a higher fertility rate compared fo the NUTS3 level
Tab. 2. LAU s ve¢om stopom fertiliteta u odnosu na NUTS3 razinu

LAU TFR LAU TFRNUTS3
Krizevci 1,79 1,76
Kutina 1,75 1,68
Petrinja 1,72 1,68
Sinj 1,76 1,65
Slavonski Brod 1,72 1,70
Solin 1,77 1,65
Sibenik 1,62 1,62
Vinkovci 1,76 1,68
Dubrovnik 1,80 1,75

Source: EUROSTAT, 2022.
lzvor: EUROSTAT, 2022.

nested within counties (NUTS3), it was estab-
lished that only 3.7% of the total variability in TFR
can be attributed to differences between counties
(ICC = 0.037), while the remaining 96.3% reflects
heterogeneity between LAU units within counties.
In other words, spatial variability in fertility is far
more pronounced at the micro level. Descriptive
measures further support this difference: at the
LAU level, the standard deviation of TFR is 0.47
with a coeflicient of variation of 0.28, whereas at
the county level it is only 0.14 with a coeflicient
of variation of 0.08. These results confirm hypoth-
esis H1b, namely that fertility variability is more
pronounced at the lower administrative level, and
underscore the importance of micro-spatial anal-

ysis of fertility.

'The analysis of spatial autocorrelation of TFR
at the NUTS3 and LAU levels confirms the ex-
istence of spatial patterns, despite differences in
the strength of clustering. The NUTS3 level shows
more pronounced but spatially limited association,
while the LAU level, although with lower values,
records statistically significant patterns due to the
larger number of units. The observed differences,
especially between major urban centers and medi-
um-sized towns, highlight the importance of local
demographic measures. These findings provide a
basis for further analysis using the Getis-Ord Gi*
statistic, in order to more precisely map so-called

fertility hot and cold spots.
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(LAU) ugnijezdene unutar zupanija (NUTS3),
utvrdeno je da se svega 3,7 % ukupne varijabilnosti
TFR-a moze pripisati razlikama izmedu Zupanija
(ICC = 0,037), dok se preostalih 96,3 % odnosi
na heterogenost izmedu LAU jedinica unutar zu-
panija. Drugim rije¢ima, prostorna varijabilnost
fertiliteta daleko je izraZenija na mikroprostornoj
razini. Deskriptivne mjere dodatno potvrduju ovu
razliku: na razini LAU jedinica standardna devi-
jacija TFR-a iznosi 0,47 uz koeficijent varijacije
od 0,28, dok na razini Zupanija iznosi svega 0,14
uz koeficijent varijacije od 0,08. Takvi rezultati
potvrduju hipotezu H1b da je varijabilnost ferti-
liteta izrazenija na nizoj administrativnoj razini te
naglasavaju vaznost mikroprostorne analize ferti-
liteta.

Analiza prostorne autokorelacije TFR-a na
NUTS3 i LAU razini potvrduje postojanje pro-
stornih obrazaca unato¢ razlikama u jacini gru-
piranja. NUTS3 razina pokazuje izrazeniju, ali
prostorno ograniCenu povezanost, dok LAU ra-
zina, iako s nizim vrijednostima, biljezi statisticki
znacajne obrasce zbog vecega broja jedinica. Uo-
Cene razlike, posebno izmedu ve¢ih urbanih sre-
dista i srednje velikih gradova, upucuju na vaznost
lokalnih demografskih mjera. Ti su nalazi osnova
za daljnju analizu putem Getis-Ord Gi* statistike
radi preciznijega kartiranja tzv. vrucih i hladnih
fertilitetnih Zarista.



Fig. 5 Relationship between TFR at the LAU and NUTS3 levels in Croatia
SI. 5. Meduodnos TFR-a na LAU i NUTS3 razini u Hrvatskoj

The results of the Getis-Ord Gi* analysis fur-
ther confirm the presence of spatial patterns in the
distribution of TFR at the LAU level. Z-values
indicate pronounced hotspots in parts of Slavonia,
central Lika, and the wider area around Bjelovar,
Koprivnica. On the other hand, clearly defined
coldspots appear in western and northwestern Cro-
atia—including Istria, the Rijeka-Kvarner and Za-
greb areas, the wider Karlovac area, and Hrvatsko
Zagorje—as well as in some regions with lower in-
tensity, such as eastern Croatia the central Dalma-
tian coast, the Zadar area, and the islands of south-

ern Dalmatia (Fig. 6).

In addition to the analysis of z-values, the level
of statistical confidence was also examined, which
further clarifies the spatial distribution of areas
with higher (hotspots) and lower (coldspots) TFR.
This analysis not only identifies spatial patterns but
also highlights the level of their statistical signif-
icance, enabling a deeper understanding of local

demographic dynamics (Fig. 7).

Rezultati Getis-Ord Gi*
potvrduju prisutnost prostornih obrazaca u dis-
tribuciji TFR-a na LAU razini. Z-vrijedno-

sti upucuju na izrazene hotspotove u dijelovima

analize dodatno

Slavonije, sredisnje Like te Sirem podrucju Bje-
lovara, Koprivnice. S druge strane, jasno su de-
finirani coldspotovi u zapadnoj i sjeverozapadnoj
Hrvatskoj — ukljucujuéi Istru, rijecko-kvarnersko
i zagrebacko podrudje, Siri karlovacki prostor i
Hrvatsko zagorje — kao i u nekim regijama sla-
bijega intenziteta, poput krajnjega istoka, obale
srednje Dalmacije, zadarskoga podruéja i otoka
juzne Dalmacije (sl. 6).

Osim analize z-vrijednosti, analizirana je i razi-
na statisticke pouzdanosti koja dodatno pojasnjava
prostornu distribuciju podrudja s visim (bossposs) i
nizim (coldspots) TFR-om. Ova analiza ne samo da
identificira prostorne uzorke ve¢ naglasava razinu
njihove statisticke znacajnosti, ¢ime se omogucuje
znacajnije razumijevanje lokalnih demografskih di-

namika (sl. 7).
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Fig. 6 Z-values of the Getis-Ord Gi* stafistic
SI. 6. Z-vrijednosti Getis-Ord Gi* statistike

When interpreting these results, it is important
to note that the analysis is based on cross-sectional
data for 2021, which limits their representativeness
in a broader temporal context. Spatial fertility pat-
terns could differ if data from another year, alterna-
tive fertility measures (e.g. cohort or tempo-adjusted
TFR), or different definitions of spatial neighbor-
hood were applied. Therefore, the identified clusters
should not be interpreted at the level of individual
units in isolation, but rather in terms of broader pat-
terns, regions and areas where clusters and outliers
emerge. In this sense, the main contribution of the
results lies in identifying spatial tendencies, while
individual units should be considered in relation to
their neighborhood rather than independently.

'The most statistically pronounced hot spots, with
over 95% confidence, are concentrated in the Mo-
slavina and Podravina regions, while the most pro-
nounced cold spots extend from western Banovina
and parts of Kordun towards the broader Pokuplje
area (Fig. 8).).
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Pri tumacenju ovih rezultata potrebno je imati na
umu da se analiza temelji na presje¢nim podatcima
za 2021. godinu, $to ogranicava njihovu reprezen-
tativnost u Sirem vremenskom kontekstu. Prostorni
obrasci fertiliteta mogli bi se djelomi¢no razliko-
vati kada bi se koristili podatci za neku drugu go-
dinu, alternativne mjere fertiliteta (npr. kohortni),
ili drukéije definicije prostornoga susjedstva. Stoga
identificirane klastere nije preporudljivo interpre-
tirati na razini pojedinih jedinica izolirano, ve¢ je
analiticki vaznije uoc¢avanje $irih obrazaca — regija i
podrudja u kojima se klasteri i outlieri pojavljuju. U
tom je smislu doprinos ovih rezultata prije svega u
identificiranju prostornih tendencija, dok pojedine
jedinice treba promatrati u odnosu na svoje susjed-
stvo, a ne izdvojeno.

Statisticki najizrazeniji hotsporovi s vise od 95 %
pouzdanosti, koncentrirani su u podru¢ju Mosla-
vine i Podravine, dok se najizrazeniji cold-spotovi
protezu od zapadne Banovine i dijelova Korduna
prema Sirem podrudju Pokuplja (sl. 8)



Fig. 7 Statistically significant hotspot and coldspot areas in Croatia
SI. 7. Statisticki znacajna hotspot i coldspot podrucja Hrvatske

By combining the mentioned levels of clustering
(Local Moran’s Index and Getis-Ord Gi* statistic),
LAU units were identified that belong to High-
High or Low-Low clusters and are also hotspots or
coldspots with at least 95% confidence. For exam-
ple, Sinj, Bjelovar, and Cakovec are part of High-
High clusters and show 99% statistical significance
as Getis-Ord Gi* hotspots. Samobor and Vukovar,
on the other hand, are within Low-Low clusters
and have 95% statistical significance as Getis-Ord
Gi* coldspots (Fig. 9).

Transitional zones, that is, LAU units located
on the borders of pronounced clusters, may play
an important role in shaping regional demograph-
ic patterns. Cities such as Karlovac, Sisak, Kutina,
Osijek, Virovitica, Koprivnica, Krizevci, and Za-
presic are located at the edges of high or low TFR
clusters and represent potential focal points for the
spread of positive or negative fertility trends. How-
ever, given the complexity of fertility determinants,
such assumptions cannot be generalized. While

Kombinacijom navedenih razina klasteriranja
(lokalni Moranov indeks i Getis-Ord Gi* statistic-
kim metodama) izdvojene su LAU jedinice, koje
pripadaju High-High ili Low-Low klasteru i koje
su ujedno hotpostovi ili coldpostovi s najmanje 95 %
pouzdanosti. Primjerice, Sinj, Bjelovar i Cakovec
dio su High-High klastera te imaju statisticku zna-
¢ajnost Getis-Ord Gi* hotspora na razini od 99 %.
Samobor i Vukovar, s druge strane, nalaze se unutar
Low-Low klastera te imaju statisticku znacajnost

od 95 % Getis-Ord Gi* coldspotova (sl. 9).

Prijelazne zone, odnosno LAU jedinice na
granicama izrazenih klastera, mogu imati vaznu
ulogu u oblikovanju regionalnih demografskih
obrazaca. Gradovi poput Karlovca, Siska, Kutine,
Osijeka, Virovitice, Koprivnice, Krizevaca i Za-
presica nalaze se na rubovima visokih ili niskih
TFR klastera te predstavljaju potencijalna Zarista
Sirenja pozitivnih ili negativnih fertilitetnih tren-
dova. Ipak, s obzirom na kompleksnost determi-
nanti fertiliteta, takve pretpostavke nije moguce
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Fig. 8 Statistically significant hotspot and coldspot LAU areas
SI. 8. Statisticki znacajna hotspot i coldspot LAU podrucja

proximity to a more favorable cluster may facilitate
the transfer of positive patterns, the presence of low
fertility in the surrounding area may also have the
opposite effect. Around Osijek and in the wider
area of Bjelovar, Koprivnica, and Virovitica, positive
clusters are more prevalent, while the areas of Kar-
lovac, Samobor, and Zapresi¢ stand out as negative
cluster zones.

Via further analysis, units were identified that
simultaneously have a TFR higher than 2.1, be-
long to HH clusters, and have statistically signifi-
cant Gi* values (p 2 95%) (Fig. 10). These represent
the most demographically favorable zones, where
fertility exceeds the level needed for simple gen-
erational replacement and where high TFR values
have been recorded in comparison to neighboring
regions. There are a total of 13 such units: Novalja;
Benkovac; Runoviéi; Molve; Mala Subotica; Novo
Virje; Virje; Kapela; Slatina; Cadavica; Mikleus;
Nova Bukovica; and Vladislavci.
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generalizirati. Iako blizina povoljnijega klastera
moze olaksati prijenos pozitivnih obrazaca, pri-
sutnost niskoga fertiliteta u okolici moze imati i
suprotan ucinak. Oko Osijeka i u $irem podrudju
Bjelovara, Koprivnice i Virovitice prisutniji su po-
zitivni klasteri, dok se podruéja Karlovca, Samo-
bora i Zapresic¢a izdvajaju kao prostori negativnih
klastera.

Daljnjom analizom izdvojene su jedinice koje
istovremeno imaju TFR visi od 2.1, ¢ine HH
klastere i imaju statisticki znacajne Gi* vrijed-
nosti (p =2 95 %) (sl. 10). Rije¢ je o demografski
najpovoljnijim zonama gdje fertilitet premasuje
razinu potrebnu za jednostavnu generacijsku ob-
novu i u kojima su registrirane visoke vrijednosti
TFR-a u odnosu na susjedne regije. Ukupno je
13 takvih jedinica: Novalja, Benkovac, Runoviéi,
Molve, Mala Subotica, Novo Virje, Virje, Kape-
la, Slatina, Cadavica, Mikleus, Nova Bukovica i
Vladislavci.



Fig. 9 Selected LAU units based on statistical significance criteria
SI. 9. lzdvojene LAU jedinice prema kriterijima stafisticke znacajnosti

The mentioned examples show specific spatial
overlap according to the defined criteria, thereby
confirming hypothesis Hlc. In addition to meeting
these criteria, the spatial distribution of these units
reveals a spatial continuity of statistical significance
in terms of replacement-level fertility, particular-
ly in parts of Koprivnica-Krizevei and Viroviti-
ca-Podravina counties. The combination of relative
and absolute significance of TFR enables a more
precise identification of areas with pronounced
demographic potential and confirms the evident
presence of specific local conditions that support
above-average reproductive activity. In the context
of demographic revitalization, such units deserve
special attention, as they can serve as examples of
good practice or a basis for comparative research on
local measures, institutional support, and patterns
that positively influence childbearing decisions.

The observed patterns of spatial autocorrelation in
fertility reflect broader demographic and social pro-
cesses highlighted in the theoretical framework. The

Navedeni primjeri pokazuju specifiénu prostor-
nu podudarnost prema navedenim kriterijima, ¢ime
je potvrdena hipoteza Hlc. Osim $to zadovolja-
vaju navedene kriterije, iz prostornoga razmjestaja
tih jedinica razvidan je i prostorni kontinuitet sta-
tisticke znacajnosti zamjenskoga fertiliteta, osobi-
to u dijelovima Koprivnicko-krizevacke i Virovi-
ticko-podravske Zupanije. Kombinacija relativne i
apsolutne znalajnosti TFR-a omoguéuje preciznije
prepoznavanje prostora s izrazenim demografskim
potencijalom te potvrduje o¢ito postojanje specific-
nih lokalnih uvjeta koji pogoduju iznadprosjecnoj
reproduktivnoj aktivnosti. U kontekstu demograt-
ske revitalizacije upravo takve jedinice zasluzuju
posebnu paznju jer mogu posluziti kao primjeri do-
bre prakse ili osnova za komparativna istrazivanja
lokalnih mjera, institucionalne podrske i obrazaca
koji pozitivno utje¢u na odluke o radanju.

Dobiveni obrasci prostorne autokorelacije ferti-
liteta odrazavaju $ire demografske i drustvene pro-
cese istaknute u teorijskom okviru. Na prostornu
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Fig. 10 Selected LAU units based on statistical significance criteria and high absolute TFR
SI.10. lzdvojene LAU jedinice prema kriterijima stafistiCke znacajnostii visokim apsolutnim TFR-om

spatial distribution of fertility is shaped by processes
of urbanization and suburbanization, differences in
socio-economic status and cultural norms, migration
flows, and the postponement of childbearing. Urban-
ized areas, where fertility postponement is more pro-
nounced, display dynamics that differ from rural and
transitional areas, where traditional fertility patterns
persist for a longer time. These processes explain the
spatial heterogeneity of fertility and the formation
of certain clusters, but also the relatively low over-
all level of autocorrelation, since the demographic
transition has largely diffused across space and en-
compasses most areas. The low value of Moran’s I
observed in this study can be contextualized with-
in broader European trends. Campisi et al. (2020)
showed that spatial variability in fertility across Eu-
rope has diminished due to the widespread diffusion
of postponement behaviors, while recent research for
Croatia (Beli¢, 2025) emphasized the role of rural
depopulation in shaping fertility differences. In this
respect, the results of this study are not unexpect-
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distribuciju fertiliteta utje¢u procesi urbanizacije i
suburbanizacije, razlike u socioekonomskom sta-
tusu, migracije te obrasci odgode radanja. Urbani-
zirana podrudja, u kojima je odgoda radanja izra-
Zenija, pokazuju druk¢iju dinamiku u odnosu na
ruralna i prijelazna podrudja, gdje su tradicionalni
obrasci fertiliteta prisutniji dulje vrijeme. Upravo ti
procesi objasnjavaju prostornu heterogenost ferti-
liteta i formiranje odredenih klastera, ali i relativno
nisku razinu ukupne autokorelacije jer su obrasci
demografske tranzicije u znacajnoj mjeri difuzni
i zahvacaju veéinu prostora. Niska vrijednost Mo-
ranova I u ovom istrazivanju moze se promatrati u
Sirem europskom kontekstu. Campisi i sur. (2020)
pokazali su da se prostorna varijabilnost fertiliteta
u Europi smanjuje zbog sve rairenijih obrazaca
odgode radanja, dok recentno istrazivanje za Hr-
vatsku (Beli¢, 2025) naglasava vaznost depopula-
cije ruralnih podruéja u oblikovanju fertilitetnih
razlika. U tom smislu rezultati ovoga rada nisu
neoCekivani — prostorna autokorelacija fertiliteta



ed—spatial autocorrelation of fertility in Croatia is
low because homogenized patterns of low fertility
dominate, with only limited spatial pockets of higher
or lower values. The findings are thus consistent with
previous research, confirming that the spatial dimen-
sion of fertility in Croatia is weaker than might be
assumed from macro-level differences. The findings
of this study should be considered in light of certain
limitations. First, the analysis was conducted for the
year 2021, which, due to specific circumstances, re-
corded a relatively high level of fertility. Since TFR
is used as a period measure that is sensitive to tempo
effects, the spatial patterns identified here cannot be
regarded as definitive. Future research should in-
corporate longitudinal comparisons across multiple
years, alternative measures of fertility such as cohort
TFR, and tests of sensitivity to different definitions
of spatial neighborhood. Such approaches would
enable a more precise assessment of the stability of
identified clusters and provide deeper insights into
the mechanisms shaping the spatial distribution of
tertility in Croatia.

CONCLUSION

'This paper focuses on the analysis of spatial fertil-
ity patterns in Croatia using spatial autocorrelation
methods. The applied methodological framework—
Global and Local Moran’s Index and the Getis-Ord
Gi* statistic proved to be highly effective in detect-
ing spatial clusters and fertility hotspots, and the
results confirmed all proposed hypotheses. The find-
ings show that Croatia, despite relative homogene-
ity at the aggregate level, contains pronounced local
differences that are often not revealed by standard
statistical methods. The identified High-High and
Low-Low clusters, as well as statistically significant
hotspots and coldspots, indicate clear demographic
patterns that require a spatially tailored approach to
population policy. This research thus confirms the
importance of detailed spatial fertility analysis, es-
pecially in the context of planning local and regional
demographic revitalization measures.

From a methodological and research perspective,
several levels of scientific contribution can be iden-
tified. A contribution is certainly the calculation of

TFR at the LAU level, based on which, using the

u Hrvatskoj niska je jer prevladavaju homogeni-
zirani obrasci niskoga fertiliteta, uz tek ogranicene
prostorne dzepove visih ili nizih vrijednosti. Dobi-
veni rezultati time su u skladu s nalazima drugih
istrazivanja i potvrduju da je prostorna dimenzija
fertiliteta u Hrvatskoj slabije izrazena nego §to bi
se moglo pretpostaviti na temelju makrorazlika.
Rezultate ovoga istrazivanja treba promatrati u
svjetlu odredenih ograni¢enja. Prije svega, analiza
je provedena za 2021. godinu, koja je zbog speci-
ficnih okolnosti zabiljezila relativno visoku razinu
fertiliteta. Buduéi da se koristi TFR kao periodska
mjera osjetljiva na tempo-efekt, prostorni obrasci
dobiveni ovdje ne mogu se smatrati kona¢nima.
Buduéa istrazivanja trebala bi ukljuciti longitu-
dinalne usporedbe razli¢itih godina, alternativne
mjere fertiliteta poput kohortnoga TFR-a te testi-
ranje osjetljivosti na razli¢ite definicije prostorno-
ga susjedstva. Time bi se moglo preciznije utvrditi
stabilnost identificiranih klastera i bolje razumjeti
mehanizme koji oblikuju prostornu distribuciju
fertiliteta u Hrvatskoj.

IAKLJUCAK

Ovaj je rad usmjeren na analizu prostornih
obrazaca fertiliteta u Hrvatskoj primjenom me-
toda prostorne autokorelacije. Primijenjeni meto-
doloski okvir — globalni i lokalni Moranov indeks
te Getis-Ord Gi* - pokazao se vrlo u¢inkovitim u
otkrivanju prostornih klastera i fertilitetnih Zarista,
a rezultati su potvrdili sve postavljene hipoteze. Re-
zultati pokazuju da Hrvatska, unato¢ relativnoj ho-
mogenosti na agregatnoj razini, sadrzava izrazene
lokalne razlike koje standardne statisticke metode
Cesto ne otkrivaju. Identificirani High-High i Low-
Low Klasteri, kao i prostorno znacajni hofspotovi i
coldspotovi, upucuju na jasne demografske obrasce
koji zahtijevaju prostorno prilagoden pristup popu-
lacijskoj politici. Istrazivanje time potvrduje vaznost
detaljne prostorne analize fertiliteta, osobito u kon-
tekstu planiranja mjera lokalne i regionalne demo-
grafske revitalizacije.

U metodolosko-istrazivackom pogledu mo-
guce je izdvojiti nekoliko razina znanstvenoga
doprinosa. Doprinos svakako ¢ini izratun TFR-a
na LAU razini na temelju kojega je, kombinaci-
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combination of spatial autocorrelation methods with
GIS tools and analysis in the Python environment,
the importance of integrating spatial analysis into
contemporary demographic research was confirmed.
In this way, not only is the precision of results im-
proved, but transparency and reproducibility of the
analytical procedure are also ensured. The extracted
results of fertility analysis at the two observed levels,
along with the introduction of the spatial dimension,
contribute to a clearer identification of local and re-
gional demo-reproductive patterns. The analysis at
the LAU level shows that certain municipalities and
smaller towns record fertility rates above the replace-
ment level, thus challenging the usual narrative of
universal demographic decline.

In conclusion, this paper does not solely repre-
sent an analysis of the current fertility situation, it
also offers a conceptual and methodological frame-
work applicable to future research on vital events. The
use of open-source code, reproducible analysis, and
a multi-level approach makes the methodology rel-
evant and applicable within a broader demographic
research context. Particular attention should be given
to the units that simultaneously recorded high ab-
solute TFR values and spatial statistical significance,
as they stand out from the generally unfavorable de-
mographic context. The presented results can thus
serve as a basis for future research on fertility trends
in specific areas, evaluation of local measures and
approaches to demographic revitalization, and the
identification of factors that influence fertility varia-
bility and levels across different observed scales.
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jom metoda prostorne autokorelacije s GIS ala-
tima i analizom u Pyzhon okruzZenju, potvrdena
vaznost integracije prostornih analiza u suvreme-
na demografska istrazivanja. Na taj se nacin ne
samo povecava preciznost rezultata veé se osigu-
rava i transparentnost te ponovljivost analiticko-
ga postupka. Izdvojeni rezultati analize fertiliteta
na dvije predmetne razine i uvodenje prostorne
dimenzije doprinose jasnijoj identifikaciji lokal-
nih i regionalnih demoreproduktivnih obraza-
ca. Analiza na razini LAU jedinica pokazuje da
pojedine opéine i manji gradovi biljeze fertilitet
iznad zamjenske razine, ¢ime se dovodi u pitanje
uobicajeni narativ o univerzalnom demograf-

skom padu.

Zaklju¢no, ovaj rad ne predstavlja iskljuc¢ivo ana-
lizu trenutnoga fertilitetnoga stanja, ve¢ nudi kon-
ceptualni i metodoloski okvir primjenjiv u budué¢im
istrazivanjima vitalnih dogadaja. Koristenje otvore-
noga koda, ponovljive analize i viSerazinski pristup
¢ini metodologiju relevantnom i primjenjivom u
$irem demografskom istrazivackom kontekstu. Po-
sebnu paznju zasluzuju jedinice koje istodobno bi-
ljeze visoke apsolutne vrijednosti TFR-a i prostornu
statisticku znacajnost s obzirom na to da se izdva-
jaju iz oplega, nazalost nepovoljna demografskoga
okvira. Navedeni rezultati stoga mogu posluziti kao
temelj za buduca istrazivanja fertilitetnih trendova
u specifiénim prostorima, evaluaciju lokalnih mjera
i pristupa demografskoj revitalizaciji te definiranje
¢imbenika koji uvjetuju varijabilnost i razinu fertili-
teta na razli¢itim predmetnim razinama.
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