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Abstract

The aim of this research is to analyze the spatial distribution of the population ageing in Bosnia and
Herzegovina and identify areas of the country that are particularly vulnerable to negative demograph-
ic trends. To achieve the goal of the study, data on the ageing coefficient and ageing index for the peri-
od 2013-2020 were used. The geospatial analysis of these indicators was performed using global (Glob-
al Moran's | and Getis-Ord General G) and local (Anselin Local Moran's | and Getis-Ord G*) indexes of
spatial autocorrelation. The research results confirmed the clustering of both indicators. Ageing coef-
ficient values are clustered in municipalities in western, northwestern, eastern, and central Bosnia and
Herzegovina. Ageing index values are clustered in municipalities in central, western, northwestern, and
northeastern Bosnia and Herzegovina. This study provides insight into the research methods of spatial
demographic trends and phenomena, and its findings can serve as a basis for future demographic re-
search and development in Bosnia and Herzegovina.
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Introduction

The age distribution of a population is a vital indicator
of its composition, which when analysed, can reveal the
demographic development of a particular population.
Analysis of age population composition, when applied
to five-year age groups, can reveal the population’s po-
tential vitality and biodynamics. Demographic process
of population ageing is a widespread phenomenon. The
increase in the share of people who are 65 or older and
the increase in the mean age of the population charac-
terize this adverse demographic process in contempo-
rary society (Wu et al,, 2021; Li et al., 2019; d’Albris &
Collard, 2013; Kerbler, 2015; Bucher, 2014).
Socio-economic, political, social, biological, and
other factors at the beginning of the 21st century in-
fluenced Bosnia and Herzegovina’s demographic

trends, including the population’s age structure. The
total population of Bosnia and Herzegovina declined
because of a considerable decrease in birth rates, a
slight increase in mortality rates, and, consequently,
low natural population change rates along with a neg-
ative migration balance. Bosnia and Herzegovina has
recorded negative population change rates since 2007,
and the country is still losing its youthful and pro-
ductive population due to economic emigrations. All
of the processes mentioned above have an effect on
the population’s ageing process, potential bio-dynam-
ics, and population vitality or health (Kadusic & Suljic,
2018; Kadusic et al., 2016).

Spatial analysis is especially important in demo-
graphic analysis, and thus in the analysis of popu-
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lation ageing and spatial differences in the level and
causes of population ageing in different areas. The
spatial autocorrelation method can be used to analyze
the spatial distribution of different demographic pro-
cesses, including population ageing. As a result, nu-
merous studies in the field of spatial analysis of pop-
ulation ageing using spatial autocorrelation methods
have been conducted. Wang (2020), for example, ex-
amined the spatial patterns and socioeconomic fac-
tors of population ageing on a global scale from 1990
to 2010. Kacerovd et al. (2022) examined population
ageing in Slovakia from 1950 to 2021, with a particu-
lar emphasis on spatiotemporal analysis. Guan et al.
(2020) investigated the spatial and temporal varia-
tions of population ageing in China’s Liaoning Prov-
ince, whereas Chen et al. (2019) used spatial autocor-
relation methods to investigate the spatial patterns of
population ageing in China from 1998 to 2014. Rey-
naud et al. (2018) studied spatial distribution and pat-
terns of population ageing in Italy from 2002 to 2014.
Nikitovi¢ et al. (2016) used spatial autocorrelation in-
dices to determine spatial patterns of demographic
trends in Serbia from 1961 to 2010, and Kurek (2003)
analyzed the spatial distribution of the ageing process
in Poland from 1988 to 2001.

There have not been many studies on the spatial
distribution and disparities of the population ageing
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process in Bosnia and Herzegovina. However, sever-
al studies on Bosnia and Herzegovina’s demograph-
ic trends have been conducted. For example, Gekic et
al. (2020) studied depopulation trends in Bosnia and
Herzegovina at the end of the 20th and beginning
of the 21st centuries, whereas Gekic et al. (2019) re-
searched spatial differentiation of the age structure of
the population in Bosnia and Herzegovina. Mijic &
Ateljevic (2018) studied the use of contemporary GIS
software in demographic research of the Bosnian en-
tity of the Republic of Srpska. Kadusic et al. (2016) re-
searched the causes and consequences of population
ageing in Bosnia and Herzegovina. It should be noted
that prior studies on population ageing and other de-
mographic variables in Bosnia and Herzegovina did
not make extensive use of spatial analysis and spatial
autocorrelation methods.

The primary assumption of this research is that cer-
tain areas of Bosnia and Herzegovina are particular-
ly at risk due to population ageing. As a result, the pri-
mary goals of this study are to investigate trends in
population ageing and population change in munici-
palities of Bosnia and Herzegovina from 2013 to 2020,
to analyze the spatial pattern of population ageing in
Bosnia and Herzegovina using global and local auto-
correlation statistics parameters, and to provide a geo-
visualization of population ageing spatial distribution.

Spatial analysis of demographic phenomena provides
a comprehensive understanding of demographic pro-
cesses and demonstrates the significance of spatial
statistical techniques in the spatial analysis of demo-
graphic occurrences (Kurek et al., 2021, Nikitovi¢ et
al., 2016). In this study, a spatial analysis of popula-
tion ageing in Bosnia and Herzegovina was conduct-
ed using spatial autocorrelation methods in order to
identify spatial clusters with high or low population
ageing values. Spatial autocorrelation methods enable
the analysis of the various variables and demonstrate
how similar or different variables are in adjacent loca-
tions. Global statistical indices of spatial autocorrela-
tion and local statistical indices can be distinguished.
Global statistical indices can be used to analyze spa-
tial autocorrelation through an entire dataset or sta-
tistical sequence. Local statistical indices of spatial
autocorrelation can be used to identify hot and cold
spot areas (Guan et al., 2020; Chen et al., 2019; Anse-
lin, 1995; Ord & Getis 1995; Anselin & Getis, 1992).
Global statistical indices (Global Moran's I and Ge-
tis-Ord General G) and local statistical indices (Anse-
lin Local Moran's I and Local Getis-Ord Gi*) were
used to determine the spatial distribution of popula-

tion ageing, that is, whether population ageing is clus-
tered or dispersed in Bosnia and Herzegovina.

The value of the global Moran’s I index ranges be-
tween -1 and +1. The research begins with the null hy-
pothesis, which states that there is no spatial autocor-
relation between variables. The statistical significance
of global Moran’s I is determined using the p-value
and z-score. If the index value is significant and posi-
tive, the index value will vary between 0 and +1, indi-
cating positive spatial autocorrelation and spatial clus-
tering of values. If the global Moran’s I is statistically
significant and negative, its value will be in the range
of 0 to -1, indicating a negative spatial correlation be-
tween the values and the data dispersion. Therefore,
using this index, it can be determined whether the
ageing is clustered, dispersed, or random.

The Global Getis-Ord General G Index indicates
the clustering of low or high values. The index’s results
must always be interpreted in the context of the null
hypothesis. If the null hypothesis is rejected (statisti-
cally significant p-value), a positive z-score value in-
dicates the clustering of high values in the researched
area. If the z-score value is negative, the low values are
clustered in the study area.
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The clustering of low and/or high values can also
be determined using the Anselin Local Moran’s I in-
dex. Positive and statistically significant z-score val-
ues reveal where high and low values are concentrated
in the research area. Negative and statistically signifi-
cant z-score values indicate spatial data outliers (low-
high, high-low values).

In this study, the Local Getis-Ord Gi* Index of spa-
tial autocorrelation was also utilized. This index iden-
tifies spatial clusters of statistically significant high
and low values. For each feature in the Input Feature
Class, a new Output Feature Class with a z-score, p-
value, and confidence level bin is generated (Gi Bin).
This index’s high z-score and low p-value indicate hot
spots, while its low negative z-score and low p-value
indicate cold spots. The Gi Bin field reveals statistical-
ly significant hot and cold spots with a 99%, 95%, and
90% degree of confidence. Clustering for features in
bin 0 is not statistically significant, whereas features
in bins +/-3 show statistical significance with a 99%
confidence level, features in +/-2 show statistical sig-
nificance with a 95% confidence level, and features
in +/-1 show statistical significance with a 90% con-
fidence level.

As an indicator of population ageing in Bosnia and
Herzegovina, the ageing coefficient, or the share of
the population aged 65 and over in the overall popu-
lation, and the ageing index, which compares the pop-
ulation older than 65 and the population 0 to 14 years

Results

old, for 142 municipalities, were calculated over the
period from 2013 to 2020. The ageing coefficient and
ageing index are often used indicators because they
provide more detailed information on a population’s
ageing. These indicators are important for identify-
ing areas where the population is ageing faster, com-
paring the ageing of populations of various sizes, and
determining the degree of population ageing. Since
the last population census in Bosnia and Herzegovi-
na was conducted in 2013, age distribution estimates
by municipalities in Bosnia and Herzegovina were ac-
quired from the Agency for Statistics of Bosnia and
Herzegovina (BHAS), Institute for Statistics of Feder-
ation of Bosnia and Herzegovina (FZS), and the Re-
public of Srpska Institute of Statistics (RZSRS).

In order to determine the main factors in the spa-
tial distribution of the ageing process in Bosnia and
Herzegovina, average death rates and other demo-
graphic indicators, like average birth rates, natural
population change rates, vital indexes, and ageing co-
efficients, were calculated for 142 municipalities in
Bosnia and Herzegovina over the course of eight years
(2013-2020). Kolmogorov-Smirnov and Shapiro-Wilk
tests were conducted to determine the distribution of
the abovementioned datasets (Pallant, 2011). In or-
der to determine the correlation between demograph-
ic parameters and indicators of population ageing in
Bosnia and Herzegovina, the nonparametric method
Spearman’s Rank-Order Correlation was used.

A variety of factors can influence population age-
ing, including demographic, economic, social, health
and healthcare, and environmental factors (Wan et
al., 2022; Beard & Bloom, 2015; Almedia de Melo et
al., 2010). Many different factors influenced the age-
ing process of Bosnia and Herzegovina’s population,
but demographic factors and changes were the larg-
est ones. According to Gekic et al. (2019), the demo-
graphic development of Bosnia and Herzegovina in
the 20th century was significantly influenced by a
number of complex social, political, and economic is-
sues. This was most visible at the end of the twentieth
century, during the war in 1992-1995, which result-
ed in significant negative demographic consequenc-
es. Bosnia and Herzegovina entered the twenty-first
century with two distinct demographic depopulation
processes: total depopulation and demographic age-
ing, both with distinct spatial-regional and with ur-
ban-rural population polarization (Gekic et al., 2019).

There is a significant correlation between the natu-
ral population rates of Bosnia and Herzegovina and its
age structure. The war in Bosnia and Herzegovina from
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1992 to 1995 resulted in major population shifts. The to-
tal population of Bosnia and Herzegovina has decreased

due to war fatalities and forced migration. In addition

to the adverse economic, social, political, and other sit-
uations, it resulted in a decrease in post-war population

growth rates caused by negative population change rates

and emigration of the young population (Table 1).

Table 1. Natural population change rates in B&H, 2013-2020

Year Birth rates Death rates NPG* rate
in %o in %o in %o
2013 8.7 101 -1.4
2014 8.6 10.2 -1.6
2015 8.5 10.8 -2.3
2016 8.6 10.4 -1.8
2017 8.6 10.8 -2.2
2018 8.4 10.8 -2.4
2019 8.1 11 -3.0
2020 7.8 12.8 -5.0

* NPG - Natural Population Change
Source: BHAS, 2022



Bosnia and Herzegovina’s birth rates have a decreas-
ing trend, whereas mortality rates have an increasing
trend, which indicates that Bosnia and Herzegovi-
na has entered a post-transition stage of demograph-
ic development. Negative natural population change
rates have been recorded in this country since 2007.
In 2013, the natural population change rate was -1.4,
and in 2020 reached a value of -5.0%o. The result of a
decrease in birth rates and natural population change
rates was a decrease in the proportion of young peo-
ple and an increase in the proportion of older people
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z-score of 6.129 for Global Moran’s I, the likelihood
that the spatial distribution of the ageing coeflicient
is a product of chance is less than 1.0%. Given the z-
score of 2.537 for Getis-Ord General G, there is less
than a 5% likelihood that the high-clustered pattern
of the ageing coefficient could be the result of random
chance. The clustering of the ageing coefficient in Bos-
nia and Herzegovina is therefore confirmed by Global
Moran’s I of 0.299 (z-score of 6.129; p-value of 0.000)
and Getis-Ord General G value of 0.007 (z-score of
2.537; p-value of 0.011) (Figs. 1, 2).

Table 2. Spearman's Rank Order Correlation between ageing indicators and

demographic variables in B&H, 2013-2020

Variable Correlation Age Coefficient Ageing Index

Birth rates Corr. Coefficient - 467** -.627%*
Sig. (2-tailed) .000 .000

Death rates Corr. Coefficient 7071** .596**
Sig. (2-tailed) .000 .000

NPG* Corr. Coefficient -.852** -.883**
Sig. (2-tailed) .000 .000

Vital index Corr. Coefficient -.830%** -.912**
Sig. (2-tailed) .000 .000

* Natural Population Change

** Correlation is significant at the 0.01 level (2-tailed).
Source: Author's calculation (BHAS, FZS, RZSRS, 2022)

in Bosnia and Herzegovina’s total population. In the
period from 2013 to 2020, the median age of the popu-
lation of Bosnia and Herzegovina increased from 41.3
to 43.3 years, the vital index decreased from 0.869 to
0.618, the ageing coefficient increased from 14.3% to
17.8%, and the ageing index increased from 86.42% to
126.45% (BHAS, FZS, RZSRS, 2022). Table 2. depicts
the relationship between fundamental demographic
components and population ageing indicators in Bos-
nia and Herzegovina from 2013 to 2020.

The calculation of Spearman’s correlation for Bos-
nia and Herzegovina’s basic demographic compo-
nents from 2013 to 2020 confirmed that there is a
strong relationship between the ageing coefficient, the
ageing index, and the components of natural popu-
lation change and the vital index. Municipalities in
Bosnia and Herzegovina with low vitality indexes and
negative natural population change rates have high-
er ageing coefficient and ageing index values (Table 2).

According to p-values of 0.000 for Global Moran’s
I and 0.011 for Getis-Ord General G, which indicate
that the null hypothesis is rejected, the spatial distri-
bution of high and/or low values in the observed sta-
tistical ageing coeflicient dataset in Bosnia and Her-
zegovina is more clustered than would be expected
in random spatial processes. Furthermore, given the

Figure 1. Global Moran's | final statistics and diagram for
ageing coefficient in B&H, 2013-2020
Source: Author's calculation (BHAS, FZS, RZSRS, 2022)
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Figure 2. Getis Ord General G final statistics and diagram Figure 3. Global Moran’s | final statistics and diagram for
for ageing coefficient in B&H, 2013-2020 ageing index in B&H, 2013-2020
Source: Author’s calculation (BHAS, FZS, RZSRS, 2022) Source: Author’s calculation (BHAS, FZS, RZSRS, 2022)

A p-value of 0.000 for Global Moran’s I indicate
that the null hypothesis is rejected and that the spa-
tial distribution of high and/or low values in the ob-
served statistical ageing index dataset in Bosnia and
Herzegovina is more clustered than would be expect-
ed in random spatial processes. Given the z-score of
3.587 for Global Moran’s I, there is less than a 1.0%
probability that this spatial distribution of ageing in-
dex values in Bosnia and Herzegovina could be the
result of chance (Fig. 3). However, the spatial dis-
tribution of ageing index values does not appear to
be significantly different from random based on the
z-score of 1.368 and p-value of 0.171 for Getis Ord
General G (Fig. 4).
Spatial clusters with high or low ageing coefficient
and ageing index values in Bosnia and Herzegovi-
na for the period 2013-2020 were identified using the
local statistical indices Anselin Local Moran’s I and
Getis Ord Gi*. The statistical significance of local in-
dices is based on the ratio of the z-score and p-val-
ue at the 0.01 significance level. For both datasets, the
Anselin Local Moran’s I of 0.299 for the age coefficient
and 0.159 for the ageing index indicate moderate pos-
itive spatial autocorrelation. Positive autocorrelation
means that the values in one area are similar to the  pior0 4. Getis Ord General G final statistics and diagram
values in the areas around it, while negative autocor- for ageing index in B&H, 2013-2020
relation indicates outliers (Figs. 5 and 6, Table 3). Source: Author's calculation (BHAS, FZS, RZSRS, 2022)
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Figure 5. Spatial autocorrelation analysis of ageing Figure 6. Spatial autocorrelation analysis of ageing index
coefficient in Bosnia and Herzegovina from 2013 to 2020 in Bosnia and Herzegovina from 2013 to 2020
Source: Author's calculation (BHAS, FZS, RZSRS, 2022) Source: Author's calculation (BHAS, FZS, RZSRS, 2022)

Table 3. Local Moran's | statistics of ageing coefficient and ageing index in Bosnia and Herzegovina, 2013-2020

L Ageing Coefficient Ageing index

Municipality

Moran's | z-score p-val. Type Moran's | z-score p-val. Type
B. Grahovo 2.601 1.749 0.046 HH - - - -
Banovici 114 2.077 0.006 LL 0.425 1.200 0.016 LL
Biha¢ -0.694 -1.995 0.026 LH - - - -
Bugojno 0.588 1.740 0.032 LL 0.292 1.299 0.016 LL
Busovaca 0.980 2.361 0.002 LL 0.469 1.707 0.002 LL
Buzim 2194 2.208 0.006 LL 0.769 1.300 0.002 LL
Cazin 1.782 2.436 0.002 LL 0.630 1.572 0.002 LL
Drvar 2.634 3.363 0.004 HH 2.387 5.103 0.002 HH
Foca (FBiH) 0.978 2.336 0.018 HH - - - -
Fojnica 0.527 2.088 0.006 LL 0.315 1.506 0.006 LL
G. Vakuf 0.555 1.452 0.048 LL - - - -
Glamot 2.591 4.820 0.002 HH 0.889 6.723 0.002 HH
Gorazde 1.438 2.281 0.03 HH - - - -
Gorazde -0.218 -2.092 0.034 LH - - - -
Ist. Drvar 0.179 3.283 0.01 HH 4738 2.160 0.032 HH
Kiseljak 0.487 1.876 0.022 LL 0.317 1.482 0.006 LL
Kladanj 0.668 1.474 0.046 LL - - - -
Livho 0.065 2.562 0.026 HH - - - -
Lopare -0.314 -1.643 0.04 HL - - - -
Lukavac 0.284 1.900 0.016 LL 0.162 1.443 0.018 LL
N.Travnik 1.035 2.438 0.004 LL 0.462 1.526 0.004 LL
Nevesinje 0.456 2128 0.018 HH - - - -
Pale (RS) 0.072 2.755 0.006 HH - - - -
Petrovac 1.294 1.778 0.05 HH 0.929 3.518 0.014 HH
Petrovo -0.739 -1.733 0.028 HL -0.231 -1.397 0.012 HL
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L Ageing Coefficient Ageing index
Municipality

Moran's | z-score p-val. Type Moran's | z-score p-val. Type

Ribnik 0.892 2170 0.032 HH 0.415 2.823 0.016 HH
Sekovici -0.258 -2.014 0.012 HL -0.072 -1.404 0.024 HL
Sipovo 0.407 2.289 0.02 HH -0.006 -2.375 0.046 LH
Tesli¢ -0.075 -1.995 0.02 HL 0.127 1.557 0.008 LL
Travnik 0.455 1.859 0.022 LL - - - -
Tuzla 0.011 1.590 0.042 LL - - - -
Usora 0.360 1.595 0.036 LL - - - -
V. Kladusa 2.301 2.249 0.002 LL 0.789 1.390 0.002 LL
Vare$ -0.572 -1.990 0.016 HL -0.216 -1.531 0.004 HL
Visoko 0.536 1.693 0.03 LL 0.314 1.434 0.01 LL
Vitez 0.921 2.096 0.006 LL 0.445 1.451 0.004 LL
Zenica 0.599 2.401 0.002 LL 0.352 1.771 0.002 LL
Zivinice 0.82 1.611 0.028 LL 0.328 1161 0.05 LL

Results significant at the 0.05 level
Source: Author's calculation (BHAS, FZS, RZSRS, 2022)

In certain municipalities in western, northwest-
ern, eastern, northeastern, and central Bosnia and
Herzegovina, the clustering of ageing coefficient val-
ues is identified. The municipalities of western Bos-
nia and Herzegovina identified in the high-high
quadrant are Ribnik, Petrovac, Isto¢ni Drvar, Drvar,
Glamog¢, §ipov0, Livno; the municipalities of north-
western Bosnia and Herzegovina located in the high-
high quadrant are Velika Kladu$a, BuZim and Cazin;
in eastern Bosnia and Herzegovina, the municipali-
ties of Pale-RS, Fo¢a-FBiH, Kalinovik and Nevesinje
are identified in the high-high quadrant. In the low-
low quadrant in the central areas of Bosnia and Her-
zegovina, municipalities Zenica, Zavidoviéi, Travnik,
Novi Travnik, Bugojno, Vitez, Busovaca, Gornji-
Vakuf-Uskoplje, Fojnica and Kiseljak are identified;
in northeastern Bosnia and Herzegovina, municipal-
ities Tuzla, Lukavac, Zivinice, Kladanj and Banovi¢i
are identified in the low-low quadrant (Fig. 5, Table 3).

Clustering of ageing index values is identified in
western, northwestern, northeastern, and central Bos-
nia and Herzegovina. The municipalities of western
Bosnia and Herzegovina identified in the high-high
quadrant are Ribnik, Petrovac, Isto¢ni Drvar, Drvar
and Glamo¢. In the low-low quadrant in the central
areas of Bosnia and Herzegovina, municipalities Ze-
nica, Tesli¢, Bugojno, Novi Travnik, Vitez, Busovaca,
Visoko, Kiseljak, Fojnica, Kresevo and Novi Grad
Sarajevo are identified; in northeastern Bosnia and
Herzegovina, municipalities Zavidoviéi, Banovidi,
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Zivinice, Lukavac and Srebrenik are identified in the
low-low quadrant; in the northwest of the country, the
municipalities Velika Kladusa, Buzim and Cazin are
identified in the low-low quadrant (Fig. 6, Table 3).

The Getis-Ord Gi* Index was used to identify high-
risk and low-risk areas of population ageing in Bosnia
and Herzegovina using values of the ageing coefficient
and ageing index. Hot spots of the ageing coefficient
with 99% confidence intervals were identified in west-
ern Bosnia and Herzegovina (municipalities of Isto¢ni
Drvar, Drvar, Bosansko Grahovo, Glamo¢ and Ku-
pres-RS), eastern Bosnia and Herzegovina (Pale-RS,
Foca-FBiH and Kalinovik) and 95% confidence inter-
vals in western Bosnia and Herzegovina (municipal-
ities of Petrovac, Ribnik, Sipovo and Livno). A cold
spot cluster of ageing coefficient with a 99% confi-
dence interval was identified in the northwestern
parts of Bosnia and Herzegovina (municipalities Ve-
lika Kladu$a, Buzim and Cazin), whereas cold spot
clusters with a 95% confidence level were identified in
central Bosnia and Herzegovina (municipalities Ze-
nica, Travnik, Novi Travnik, Vitez, Bugojno, Fojni-
ca, Kiseljak and Zavidovi¢i), and northeastern Bosnia
and Herzegovina (municipalities Lukavac, Zivinice
and Banovi¢i) (Fig. 7). Hot spots of the ageing index
with 99% and 95% confidence intervals were identi-
fied in western Bosnia and Herzegovina (municipal-
ities Petrovac, Isto¢ni Drvar, Drvar, Ribnik, Glamo¢,
Kupres-RS, Bosansko Grahovo and Sipovo) (Fig. 8,
Table 4).
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Figure 7. Getis-Ord G* analysis of ageing coefficient in Figure 8. Getis-Ord G* analysis of ageing index in Bosnia
Bosnia and Herzegovina from 2013 to 2020 and Herzegovina from 2013 to 2020
Source: Author's calculation (BHAS, FZS, RZSRS, 2022) Source: Author's calculation (BHAS, FZS, RZSRS, 2022)

Table 4. Getis Ord G* statistics for ageing coefficient and ageing index in Bosnia and
Herzegovina, 2013-2020

L Ageing Coefficient
Municipality — -
z-score p-value Gi-Bin Confidence Level

B. Grahovo 2.923 0.003 Hot Spot 99%
Banovici -2.324 0.02 Cold Spot 95%
Bugojno -1.969 0.048 Cold Spot 95%
Busovaca -2.638 0.008 Cold Spot 99%
Buzim -2.803 0.005 Cold Spot 99%
Cazin -2.882 0.003 Cold Spot 99%
Drvar 3.842 0.000 Hot Spot 99%
Foca (FBiH) 2.596 0.009 Hot Spot 99%
Fojnica -2.164 0.03 Cold Spot 95%
Glamoc¢ 4.986 0.000 Hot Spot 99%
Ist. Drvar 3137 0.001 Hot Spot 99%
Kalinovik 2.653 0.007 Hot Spot 99%
Kiseljak -2.027 0.04 Cold Spot 95%
Kupres (RS) 2.835 0.004 Hot Spot 99%
Livno 2.243 0.024 Hot Spot 95%
Lukavac -1.972 0.04 Cold Spot 95%
N. Travnik -2.559 0.01 Cold Spot 95%
Nevesinje 2.160 0.03 Hot Spot 95%
Pale (RS) 2.832 0.004 Hot Spot 99%
Petrovac 2.349 0.018 Hot Spot 95%
Ribnik 2.513 0.011 Hot Spot 95%
Sipovo 2.410 0.015 Hot Spot 95%
Travnik -2.024 0.04 Cold Spot 95%
V. Kladusa -2.725 0.006 Cold Spot 99%
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L Ageing Coefficient

Municipality — -

z-score p-value Gi-Bin Confidence Level
Vitez -2.317 0.02 Cold Spot 95%
Zavidovici -2.169 0.03 Cold Spot 95%
Zenica -2.468 0.013 Cold Spot 95%
Zivinice -2.040 0.04 Cold Spot 95%
Municipality REERE Ind.ex. -

z-score p-value Gi-Bin Confidence Level
B. Grahovo 2.338 0.019 Hot Spot 95%
Drvar 4.729 0.000 Hot Spot 99%
Ist. Drvar 4.287 0.000 Hot Spot 99%
Kupres (RS) 2.650 0.008 Hot Spot 99%
Petrovac 3.749 0.000 Hot Spot 99%
Ribnik 2.835 0.004 Hot Spot 99%
Sipovo 2114 0.034 Hot Spot 95%

Results significant at the 0.05 level

Source: Author's calculation (BHAS, FZS, RZSRS, 2022)

Discussion

Numerous studies have been conducted all over the
world on the extent of population ageing and the fac-
tors that contribute to it (Kacerova et al., 2022; Wang,
2020; Guan et al., 2020; Bucher, 2014). According to
Wang (2020) and Bucher (2014), there are significant
regional differences in population ageing. Therefore,
studies indicating spatial inequalities and variations
in population ageing in various countries and regions
of the world have received special attention (Reynaud
et al., 2018; Nikitovi¢ et al., 2016; Pina et al., 2013).

The spatial autocorrelation method is a particular-
ly effective tool for identifying the spatial distribution,
spatial disparities, and clustering of the population
ageing process. This method can be used to determine
a connection between numerous variables and pro-
vides insight into spatial disparities, such as whether
or not there is a concentration of data in the area be-
ing studied (Kurek et al.,, 2021; Anselin, 1995; Ord &
Getis, 1995). Therefore, the findings of studies based
on spatial autocorrelation analysis can contribute to
a better understanding of population ageing and the
factors that influence this demographic phenomenon
(Kacerovi et al., 2022; Chen et al., 2019).

This study presents the results of a spatial anal-
ysis of population ageing in Bosnia and Herzego-
vina. The findings of this study confirmed that the
spatial autocorrelation method is a particularly ef-
fective tool for identifying spatial disparities in Bos-
nia and Herzegovina’s population ageing process. To
determine spatial variations of ageing indicators in
Bosnia and Herzegovina, the Global Morans I, Get-
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is-Ord General G, and Anselin Local Morans I and
Getis-Ord Gi* indexes of spatial autocorrelation
were used. Both the ageing coefficient and the age-
ing index were discovered to cluster together in Bos-
nia and Herzegovina, as predicted by the Global Sta-
tistical Indexes. The clustering of ageing coefficient
values was confirmed by local statistical indices in
areas in western, northwestern, eastern, northeast-
ern, and central Bosnia and Herzegovina. The clus-
tering of the ageing index value, on the other hand,
is identified in western, northwestern, northeastern,
and central Bosnia and Herzegovina.

Population ageing is influenced by a variety of fac-
tors, including demographic, economic, social, envi-
ronmental, health, and health care (Wan et al., 2022;
Beard & Bloom, 2015; Almedia de Melo et al., 2010).
Various studies have shown that numerous variables
contribute to population ageing disparities in differ-
ent areas of Bosnia and Herzegovina, with social, eco-
nomic, and political factors being the most significant
(Gekic et al., 2020; Gekic et al., 2021; Kadusic, Suljic,
2018). These factors have had a considerable impact
on the demographic patterns and processes of Bosnia
and Herzegovina’s population at the beginning of the
21st century. For instance, these factors contributed
to negative natural population changes and the emi-
gration of young people (mainly between 20 and 40
years old). Consequently, these processes led to a de-
crease in the population’s potential biodynamics and
vitality (Kadusic et al., 2023). Bosnia and Herzegovi-
na’s age distribution and natural population change



are significantly correlated. The study’s findings dem-
onstrated that the vital index and the components of
natural population change, as well as the ageing in-
dex and the ageing coeflicient, are strongly correlated.
Higher ageing coefficient and ageing index values are
found in Bosnia and Herzegovina municipalities with
low vitality index values and negative natural popula-
tion change rates.

Rural municipalities along the entity boundary
line between administrative units of Bosnia and Her-
zegovina (the Federation of Bosnia and Herzegovina
and the Republic of Srpska), and municipalities that
were divided by the entity boundary are particular-
ly affected by unfavorable demographic trends. Due
to adverse socio-economic and political circumstanc-
es, these municipalities are losing some of their popu-
lation. Economic factors are the primary causes of the
continual emigration from Bosnia and Herzegovina.
Young, highly educated individuals leaving the coun-
try is one issue that is particularly important. Emigra-
tion has a direct effect on the ageing of the population,
natural changes in the population, and the decrease
of population in Bosnia and Herzegovina. Areas with
higher levels of economic development and employ-
ment opportunities attract younger people, increasing
the younger population. Social factors such as cultur-
al norms and values, improved access to healthcare,
and higher quality of care all influence population
ageing. Areas with higher environmental quality and
better availability of natural resources mostly attract
a younger population. All of the aforementioned fac-
tors are contributing to a decrease in the population’s
potential biodynamics and vitality, as well as negative
natural population changes, an ageing population,
and a large number of young people (mostly between
the ages of 20 and 40) leaving the country. According
to the Ministry of Security of Bosnia and Herzegovi-
na (2019), the estimated number of emigrants who are
originally from Bosnia and Herzegovina in foreign
countries is at least 2 million, which is 53% of the total
population in Bosnia and Herzegovina. According to
World Bank estimates, that percentage is slightly low-
er and amounts to 44.5%, placing Bosnia and Herze-
govina in 16th place in the world in terms of emigra-
tion rate in relation to the number of inhabitants in
the country (out of a total of 214 countries and territo-
ries). Bosnia and Herzegovina is faced with a signifi-
cantly higher rate of population emigration compared
to the other countries in the region. With an emigra-
tion rate of 44.5%, it is significantly ahead of Serbia
(18%), Croatia (20.9%), and Albania (43.6%). Emigra-
tion from Bosnia and Herzegovina is a continuous
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process, and its main causes are economic factors.
One especially significant problem is the emigration
of young, highly educated people. In Bosnia and Her-
zegovina, only one in eight young people (aged 16-24)
is employed. A large number of young, highly edu-
cated people leave this country in search of better liv-
ing and employment conditions (Ministry of Security,
B&H, 2019). According to the laws of Bosnia and Her-
zegovina, a citizen who permanently settles abroad or
who stays abroad for more than three months regis-
ters his residence in Bosnia and Herzegovina and the
place of residence abroad at the competent diplomat-
ic and consular representation of Bosnia and Herze-
govina. However, if a citizen does not plan to stay in
the country where he lives permanently, he is not re-
quired to register. According to data from the Agency
of statistics in Bosnia and Herzegovina (2022), in the
period from 2013 to 2020, 31,693 of its citizens emi-
grated from Bosnia and Herzegovina (an average of
about 4,000 citizens emigrated annually). Of course,
this does not represent the total number of people
who left Bosnia and Herzegovina during the men-
tioned period, because the majority of people do not
register their departure from the country. The popu-
lation of Bosnia and Herzegovina mostly emigrates to
Croatia, Slovenia, Germany, and Austria (Ministry of
Security B&H, 2019; ANUBIH, 2019; FZS, 2020).

Ongoing depopulation processes are likely to have
an effect on changes in the age structure of Bosnia and
Herzegovina’s population in the future. This will lead
to an unfavorable demographic situation and popu-
lation development. One of the primary issues facing
Bosnia and Herzegovina’s contemporary demograph-
ic development is a lack of population policy. As a re-
sult, this country’s economic and social development
must be strengthened. Therefore, it is important to de-
fine an adequate population policy that will revitalize
Bosnia and Herzegovina’s demographics.

The results of this study revealed spatial differences
in Bosnia and Herzegovina’s population ageing. This
study’s findings are a substantial contribution to de-
mographic studies and a necessary condition for fu-
ture demographic research, as well as the foundation
for the planned demographic development of Bosnia
and Herzegovina. Identifying the locations in Bos-
nia and Herzegovina that are losing population due to
population ageing is a major contribution of the study
that has been undertaken. The findings can be used to
guide future demographic studies in Bosnia and Her-
zegovina, as well as to identify and further investigate
variables that cause regional disparities in population
ageing and other demographic variables.
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Geospatial Analysis of Population Ageing
in Bosnia and Herzegovina

Conclusion

The study emphasizes the use of spatial autocorrela-
tion analysis as an effective method for identifying spa-
tial disparities in population ageing and presents find-
ings on the spatial distribution of ageing coefficient and
ageing index values in Bosnia and Herzegovina. Glob-
al statistical autocorrelation indices revealed that au-
tocorrelation was moderately positive. Local statisti-
cal indices confirmed a clustering of ageing coefficient
values in western, northwestern, eastern, northeastern,
and central Bosnia and Herzegovina. The ageing in-
dex values, on the other hand, are clustered in Bosnia
and Herzegovina’s central, western, northwestern, and
northeastern areas. The study emphasizes that demo-
graphic, economic, social, environmental, and health-
care factors have the most significant impact on pop-
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