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ABSTRACT

This study analyses the spatial-temporal differences be-
tween daytime and nighttime populationsin Serbia’s larg-
est urban centres—Belgrade, Novi Sad, and Ni—using
data from the 2022 Population Census and 2018 Urban
Atlas land-use classifications. The Diurnal Population
Change Index (Idpc) was applied to identify areas with
predominantly work-oriented or residential functions. Re-
sults show that Belgrade attracts nearly 147,000 inbound
commuters daily, accounting for 18.5% of all commuting
workers in Serbia, while Novi Sad and Ni$ exert strong
but regionally confined influences. The greatest differ-
ences between day and night population densities occur
in continuous urban fabric and industrial-commercial
zones, highlighting the dominant role of central business
areas. Integration of census, functional, and geospatial
data allowed for a more precise interpretation of func-
tional structures and commuting patterns. The study also
demonstrated the analytical potential of combining Urban
Atlas classifications with 3D visualisation for identifying
daytime “hotspots” and communicating urban dynamics.
The findings underline the importance of incorporating
temporary population models into urban planning, trans-
port management, and emergency preparedness, and
provide a methodological basis for further research on
temporary populations and commuting in the context of
spatial and functional urban analysis.
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1 INTRODUCTION

In recent decades, the phenomenon
of daily population mobility has gained
increasing attention in demographic
and spatial studies, especially through
the concept of temporary population
(Charles-Edwards 2016; Brollo and Ce-
lata 2022). This concept encompasses
individuals who are present in a given
area during the day but reside else-
where during the night, a dynamic that
profoundly affects urban structure, in-
frastructure load, and service provision
(Mileu and Queirds 2022). The most
significant and quantifiable compo-
nent of the temporary population is the
group of commuters—individuals who
travel daily for work from their place of
residence to a different location (Luki¢
2011a; Tosi¢ 2018).

Most population data are derived
from censuses, which offer only stati-
cal snapshots and fail to reflect short-
term spatiotemporal dynamics, espe-
cially those caused by commuting flows
(Panczak, Charles-Edwards and Corcoran
2020). Consequently, there is a growing
need to bridge this gap through the
integration of demographic data with
geospatial datasets and functional land
use models (Qi et al. 2015).

In the context of Serbia, the spatial
and functional restructuring of settle-
ments over recent decades has been
strongly influenced by commuting pat-
terns (Luki¢ 2011b). Rapid urbanization,
regional disparities in employment op-
portunities, and limited access to af-
fordable housing in central urban areas
have fostered complex daily mobility sys-
tems (Filipovi¢, Kruni¢ and Zhelenkova
2022), especially around major employ-
ment hubs such as Belgrade, Novi Sad,
and Nis (Mileti¢ 2022; Kokotovi¢ Kanazir,
Pani¢ and Drobnjakovi¢ 2024). These
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systems generate significant differences
between daytime and nighttime popu-
lation levels, with implications for urban
planning, transport policy, and emergen-
cy response capacity (Kruni¢ 2012).
This study aims to analyse the extent
and spatial patterns of daily population
change in selected urban settlements
in Serbia, with particular focus on in-
tra-settlement redistribution driven by
commuting. The study area comprises
the three mostimportant urban centers
in the territory of Serbia: Belgrade, Novi
Sad, and Nis, each representing a distinct
region. In addition to their demographic
and territorial dominance within Serbia’s
geosystem, it is essential to emphasize
their functional significance, as their in-
fluence extends beyond the boundaries
of their administrative areas (Tomasevic
and Sokolovska 2017; Zivanovi¢ et al.
2019; Filipovi¢, 2020; Zivanovic et al.
2021). Using data from the 2022 Popula-
tion Census (additionally processed data
on commuting) and the Urban Atlas, the
research combines demographic statis-
tics with land use classification to model
spatiotemporal population distributions
and identify zones of dominant em-
ployment and residential functions. An
important focus is placed on quantifying
the diurnal® population change index as
a tool for distinguishing between em-
ployment centres and “bedroom com-
munities”(Jolley, Lane and Brun 2011).
The primary objective of this study is
to conduct a preliminary investigation
into the potential application of the
Urban Atlas (UA) and origin—destination

1 Since this paper analyses the number of in-
habitants during certain periods, as well as the
change between them, special terms have been
assigned for easier distinction. For the number of
inhabitants, the established terms, daytime and
nighttime population, have been used, while the
term diurnal is used for the change.



data on commuting, with the aim to en-
hance the understanding of daily human
mobility patterns and shifts in popula-
tion density. The research findings are
expected to contribute to advancing
further studies on the interrelationship
between land-use dynamics and popu-
lation distribution within urban areas,
thereby supporting the development of
more effective models and tools for ur-
ban planning of commercial, residential,
and mixed-use zones, as well as for intra-
and inter-urban transportation systems.
Moreover, the results may prove valuable
for specialized research efforts in the
fields of urban sustainability, emergency
management and prevention, infrastruc-
ture load modelling, environmental im-
pact assessment, and related domains.
The subsequent section presents the
theoretical framework, i.e., a review of
the most relevant literature for the re-
search. This is followed by a delineation
of the spatial framework and description
of the methodology employed in calcu-
lating the temporary population, as well
as the measurement of differences and
change indices between nighttime and
daytime populations, together with the
procedure for determining the intra-set-
tlement distribution of population by
land-use categories. The results section
provides an overview of the analysed
indicators at the national level, followed
by a detailed examination of Belgrade,
Novi Sad, and Nis. For each settlement
and its constituent parts, the analysis
includes the spatiotemporal distribution
of population based on absolute and
index measures, as well as land-use clas-
sifications, with both standard and 3D
visualizations. The discussion compares
and interprets the findings, offering
critical remarks and proposals for further
research. The paper concludes with a
synthesis of the final considerations.
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2 THEORETICAL BACKGROUND

When defining variations and modali-
ties of spatiotemporal manifestations
of functional-urban and metropolitan
regions and regional systems, the im-
portance of commuting is particularly
emphasised (Tosi¢ 2018). Daily labour
mobility is one of the fundamental ele-
ments used to determine the immediate
functional area of a city (Duarte and
Ferndndez 2017). Commuting depends
mainly on the development of employ-
ment capacity and conditions in the city,
the volume and structure of the availa-
ble labour force in the surrounding areas
and the development of transportation
between the city and its surroundings.
This type of relationship is significant for
studying demographic, social, economic
and other factors (Choorat et al. 2025).
Daily mobility can be utilised to alleviate
the pressure and mitigate housing, com-
munal, educational and other problems
inurban settlements (Ili¢ 1970). The pro-
cess of commuting, especially of the eco-
nomically active population, considering
its strong connection to demographic
development, economic development,
transportation, settlements, as well as
labour market and real estate market
development, has broad implications
in all spheres of life and work, both for
residential and employment settlements
(Luki¢ 2011a).

Disproportions in the spatial-de-
mographic structure of Serbia, as a
consequence of the spatial develop-
ment model and transformations with-
in the settlement network over the
past decades, are manifested in the
concentration of population within a
limited geographical area, i.e., large
urban centres (Vojkovié, Zivanovi¢ and
Magdaleni¢ 2018). Serbia’s current ur-
ban system is marked by asymmetry
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and incoherence, and is dominated by
the capital of Belgrade, indicating that
the urbanization process has not been
controlled (Zivanovi¢ et al. 2019; Mil-
janovi¢, Vuksanovi¢-Macura and Doljak
2023). The factors that initiate the de-
velopment of daily mobility in our region
are primarily of socio-economic nature.
In Serbia, the commuting process has
gained significant proportions with the
onset of industrialisation and agrarian
depopulation (Matijevi¢ 2009). In more
recent periods, external spatial and
economic factors have a predominant
influence on the direction, volume and
the structure of daily mobility. They re-
flect the uneven economic development
of territorial units at different levels and
the concentration of functions in specif-
ic centres or cities. The most common
reason for deciding to engage in com-
muting in Serbia are difficulties in resolv-
ing housing status in the employment
settlements due to high housing prices
and property costs in areas with a high-
er number of functions (Luki¢ 2011a).
The structure of commuting flows by
economic sectors reflects the existing
guantitative and qualitative mismatch
of the economically active population
and the local needs of business subjects
(Luki¢ 2022). In addition, the intensity
and direction of commuting for fulfill-
ing various socio-geographic functions
are determined by the consistency and
development of the distribution of
public-social services and their users
(Tosi¢ 2018).

The latest research on commutingin
the region mainly analyses the impact
of the Covid-19 pandemic, as well as the
post-Covid period. Studies from Greece,
particularly in Thessaloniki and Athens,
document short-term shifts in travel
preferences during the pandemic, with
increases in walking and cycling, and a
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partial return to car use after restric-
tions were lifted. More recent research
for Athens offers evidence-based pro-
posals on how to sustain these “ac-
tive” modes of travel in the long run
(Politis et al. 2021; Mexis, Tsigdinos
and Spyropoulou 2025). Analyses from
Belgrade covering 2020-2021 confirm
strong pandemic impacts on mobili-
ty habits, describing a “modal shock,”
changes in trip frequency and purpose,
and providing guidance on how trans-
port planning can adapt to crisis con-
ditions (Simi¢ et al. 2022; Glavi¢ et al.
2023).In Bosnia and Herzegoving, a sur-
vey showed significant shifts in mode
preferences during and after the pan-
demic, including reduced trust in public
transport safety and a greater inclina-
tion toward private cars and walking
(Causevi¢ 2023). Complementing these
perspectives, a study of labour com-
muters in the north-western Romania
explains the patterns at the micro level,
including the role of industrial clusters,
strategic commuting routes, and work-
er motivations—serving as a useful
counterpoint to top-down statistics
(Ferent 2023).

Recognising the significance of tem-
porary population has grown in the
majority of the world in recent decades,
although a standardised methodology
for their estimation still needs to be
established (Charles-Edwards 2016).
Temporary population refers to individ-
uals who reside in a specific place for
a limited time, without changing their
place of residence (ONS 2023). Tempo-
rary population has been studied within
Chinese cities, where rural migrants
constitute a significant portion of the
temporary population (Shen 2002; Qi
et al. 2015). Additionally, similar studies
have been conducted in the territory
of South Korea (Jo, Lee and Kim 2020),



Australia (Charles-Edwards et al. 2020),
United States of America (Bian and
Wilmot 2015) etc. The phenomenon of
temporariness has also been analysed in
the German context, particularly within
the frameworks of multi-local living
(Willecke 2025). In a study conducted in
Italy, temporary populations, including
non-resident tourists and students,
were quoted as the main drivers of
socio-spatial polarisation in cities and
significant sources of both hard and
soft urban changes (Brollo and Cellata
2022). A framework for official tem-
porary population statistics has been
proposed, which includes a conceptual
framework connecting temporary pop-
ulation mobility and temporary pop-
ulation (Charles-Edwards et al. 2020).
The majority of the analysed studies
suggests that temporary populations
are an important aspect of urban life and
require attention from both researchers
and decision-makers.

The models distinguishing between
daytime and nighttime populations have
wide applications in urban planning,
service provision, and risk management
(Kobayashi, Medina and Cova 2011).
Traditional census data mainly represent
the nighttime (resident) population,
which often fails to reflect spatial shifts
during the day when people commute
for work, study, or leisure (Mileu and
Queirds 2022; Wang et al. 2022; Guest
1976; ISTAT 2020). This mismatch can re-
sultin misestimating exposure, demand
for services, and emergency response
requirements (McPherson and Brown
2004; Freire 2007; Qi et al. 2015; Gio-
venco 2024).

Daytime population includes both
residents engaged in daily mobility and
non-resident visitors. It can be divided
into primary movements—fixed in time
and space, such as commuting to work
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and school—and consumer or discretion-
ary movements, like shopping, leisure,
and recreation, which vary according
to personal needs (Todori¢ 2024; Gorny
2025; Bian and Wilmot 2015). These dis-
tinctions are essential in understanding
urban dynamics and tailoring infrastruc-
ture and services.

The examination of population dy-
namics between two temporal refer-
ence points is undertaken through the
application of index-based indicators.
In the context of variations between
nighttime and daytime populations,
advanced statistical frameworks, such
as those employed in Italy (ISTAT 2020)
and Korea (KNGII 2021), utilize analo-
gous indicators, albeit under differing
terminological conventions. The coex-
istence index is the ratio between the
daytime population and the resident
population in the territorial domain of
interest. It quantifies the imbalance
between the population using the terri-
tory and the resident population (ISTAT
2020). The daytime population index
is the ratio of the daytime population
to the registered population and is a
demographic factor that well expresses
the characteristics of a region. The day-
time population is calculated by adding
the commuting population from other
regions to the registered population of
the region and subtracting the popula-
tion commuting to other regions. Areas
with a daytime population index of 100
or less indicate mainly residential areas
(KNGII 2021).

Recent methodological advances in-
tegrate multiple data sources for diurnal
population estimation. Key approaches
include: (1) land-use-based models with
census disaggregation (Kuffer and Sliu-
zas, 2014; Qi et al. 2015), (2) mobile de-
vice and location-based service data for
capturing real-time flows (Oh and Park
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2023; Glller and Varol 2024), (3) smart-
card transit data for high temporal reso-
lution(Ma et al. 2017), and (4) 3D urban
models and building-level geodata for
detailed allocation (Mileu and Queirds
2022: Wang et al. 2022). These methods
improve spatial-temporal accuracy and
reduce costs compared to traditional
surveys (Poti¢ 2024).

Applications range from optimizing
emergency evacuation and shelter ca-
pacity to supporting economic planning
and assessing commercial area vitality
(McPherson and Brown 2004; Freire
2007; Bian and Wilmot 2015; ISTAT
2020). Empirical studies consistently
show daytime populations concentrat-
ing in business and commercial dis-
tricts, while nighttime densities peak in
residential areas (Bhaduri 2017; Guest
1976). Land-use composition further
shapes these patterns, with mixed-use
and commercial areas exhibiting vary-
ing levels of day—night attractiveness
(Kuffer & Sliuzas 2014; Qi et al. 2015).
A hybrid approach—combining open
geospatial building data and 3D models
for nighttime estimation with dynamic
datasets (mobile signals, smart-card
data, points of interest) for daytime
profiling—offers the most robust frame-
work (Mileu and Queirds 2022; Wang et
al. 2022; Giovenco 2024).

3 METHODOLOGY

The methodology of this study is based
on using data from different types of
sources, their cross-referencing, analysis
and visualization (Figure 1).

3.1 STUDY AREA

The research area encompasses the ur-
ban settlements of Belgrade, Novi Sad,
and Nis (Zakon o teritorijalnoj organizaci-
ji Republike Srbije, 129/2007, 18/2016,
47/2018, 9/2020). Although these set-
tlements constitute parts of higher-lev-
el administrative units bearing the same
names (City of Belgrade, City of Novi Sad,
and City of Nis), this study exclusively ex-
amines the redistribution of population
within the boundaries of their urban
cores, i.e., the settlements themselves.

Intra-settlement dynamics were in-
cluded in the analysis for Belgrade and
Nis, which, unlike other settlements in
the Republic of Serbia, extend over the
territories of multiple municipalities.
The settlement of Belgrade forms part
of the City of Belgrade and comprises
the entire territories of six urban munic-
ipalities (Vracar, Stari Grad, Savski Venac,
Zvezdara, Rakovica, and Novi Beograd) as
well as parts of four additional municipali-
ties (Vozdovac, Zemun, Palilula, and Cuka-

Figure 1 Workflow chart
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rica). The settlement of Nis, as part of the
City of Nis, spans across parts of four out
of five urban municipalities (Crveni Krst,
Pantelej, Palilula, and Medijana). For the
purposes of the intra-settlement analysis,
each segment of a settlement (identified
by the name of the municipality to which
it partially or Fully belongs) was consid-
ered a separate analytical unit. In cases
where only a part of a municipality fell
within the settlement under observation
(Fourin the case of Belgrade and all four
in the case of Nis), only that portion was
included in the analysis. Unlike Belgrade
and Nis, the settlement of Novi Sad
does not have a divided territory and
was analysed as a single territorial unit.

3.2 DAYTIME AND NIGHTTIME
POPULATION

The application of spatiotemporal pop-
ulation distribution models, specifically
determining the difference between
the daytime and nighttime populations,
represents one form of analysis of daily
mobility of the labour force. Through
spatiotemporal population distribution,
it is possible to identify work centres in
a specific area, define their hierarchy,
determine the degree of functional de-
pendence of other settlements on these
centres, and identify settlements with a
dominant residential function, known as
“bedroom communities.” Additionally,
changes in the function of settlements
over the observed period of time can be
examined (Filipovi¢ 2020).

For the purposes of this study, the
analysis focused on the contingent of
temporary population based on daily
labour force mobility. Compared to
other types of movements, commuting
constitutes the most prevalent, reg-
ular, and statistically reliable form of
daily mobility (ToSi¢ 2018; Kruni¢ 2012).
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Consequently, the results obtained can
serve as the most stable basis for defin-
ing daytime population, which can be
further supplemented with additional
components and adapted to the specif-
ic characteristics of the study area and
temporal framework.

To determine the daily population
and accompanying indicators, a basic cal-
culation methodology based on the daily
mobility of workers was adapted (Esri
Data Development, 2025). The night-
time population (Py) is expressed within
the model as the number of inhabitants
according to the census (Py), recorded
based on their place of residence (Pn=P).
The daytime population (Pg) represents
the population that predominantly re-
sides in the settlement during working
days and consists of the net population
participating in daily mobility (Net com-
muting) and the enumerated popula-
tion. To determine the number of the
daytime population, the number of com-
muters (workers), according to separate
data processing by the Statistical Office
of Serbia (SORS 2025), was used. Using a
matrix representation of the number of
residents coming (in-commuters) to and
leaving the settlement (out-commuters),
the total number of residents moving
between settlements was determined,
and it can be mathematically represent-
ed by Equation (1):

Nc = Cin - Cout (1)

Where Nc is net commuting, Ci, is
in-commuters and Cout is OUt-commuters.

Adding or subtracting this number
from the number of usual population,
the number of daytime population was
established for each settlement, and it
can be mathematically represented by
Equation (2):

Pa=P,+ N, (2)

STANOVNISTVO, 2025, 00(0), 1-27
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Where Pq is daytime population, P,
is nighttime population and N¢ is net
commuting.

The obtained value is greater than
the one recorded by the census where
the settlement has an in-commuting
character, or lower where it has an
out-commuting character (Kruni¢ 2012;
Luki¢ 2022). Settlements with an in-com-
muting character are associated with a
work function, while settlements with
an out-commuting character primarily
serve as residential areas.

Based on the examples of Korea
(KNGII 2021) and Italy (ISTAT 2020), the
observed change from nighttime to
the daytime population is presented
through the diurnal population change
index (lapc) for all selected settlements,
and it can be mathematically represent-
ed by Equation (3):

lapc = Pa /P> * 100 3)

While the absolute change (Pa) high-
lights the significance for both work
centres and settlements supplying com-
muters, and it can be mathematically
represented by Equation (4):

Peh=Pa- Py (4)

Avalue of the index greater than 100
indicates settlements with a dominant
work function, while values below 100
indicate settlements with a residential
function (KNGII 2021). The spatiotempo-
ral population distribution is examined
at the settlement level for Novi Sad and
settlement and intra-settlement level
for Ni$ and Belgrade.

3.3 URBAN ATLAS

For the analysis of intra-settlement
distribution of nighttime and daytime
population, in addition to the processed
census data, geospatial data on land
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cover and land use derived from the Eu-
ropean Union initiative Urban Atlas (EEA
2020) have been utilized. The Urban
Atlas data (hereinafter UA) is currently
available for three temporal series:
2006 (EEA 2015), 2012 (EEA 2016a), and
2018 (EEA 2020)). This study focuses
on the data from 2018 to ensure great-
er compatibility with the 2022 census
data, although a significant difference
is noticeable in the population dynamics
and land use change dynamics. Specif-
ically, while urban areas, even in large
cities, are experiencing dynamic and
relatively unbalanced changes in land
use and urban expansion, the overall
population is growing more slowly, orin
most cases, it is stagnating or even de-
creasing. Notably, The European Urban
Atlas provides high-resolution land use
and land cover data for 788 Functional
Urban Areas (FUAs) for the reference
year 2018 in 39 countries of European
Economic Area. Preliminary research on
the potential application of these data
in spatial and urban planning in Serbia
has already been conducted (Gaji¢ and
Kruni¢ 2020). It is significant that the
UA data include information not only
on land cover and land use, but also on
population estimates for each polygon
according to land use categories (Batista
e Silva and Poelmann 2016), as well as on
road networks and building heights. The
initial definition of the percentage share
of the nighttime population in Belgrade,
Novi Sad, and Nis relied on the original
estimates from the UA, which were sub-
sequently slightly adjusted. Population
estimates employ a dasymetric approach
in modelling spatial population distri-
bution. Dasymetric approaches utilizing
different methods have been applied
multiple times in studies and models of
spatial population distribution in Serbia
(Kruni¢ et al., 2011; Bajat, Kruni¢ and



Kilibarda, 2011; Bajat et al., 2011; Bajat
et al., 2013; Kruni¢, Bajat and Kilibarda
2015; Kruni¢ et al., 2015), as well as in
the analysis of the urban system and
urban development of North Macedonia
(Gaji¢ Proti¢, Kruni¢ and Srni¢, 2024).
The UA geospatial data were ob-
tained through a combination of statisti-
cal classification and visual interpretation
of high-resolution multispectral satellite
imagery (ranging from 2 to 2.5 meters),
further enriched with additional infor-
mation from other available sources
(e.g., Google Earth (Google 2020), Open
Street Map (OpenStreetMap Contribu-
tors 2017), etc.). The UA classification of
land cover and land use classes is gen-
erally based on the CORINE land cover
(CLCQ) classification (EEA 2016b), but with
additional diversification of built up are-
as, detailed scale (1:10,000), data about
population density per land use classes
added, and encompasses 27 land cover
classes distributed into five main the-
matic groups and four hierarchical levels.
For the analysis presented in this
study, the following classes were select-
ed (EEA 2016b) since they encompass
more than 95% of the population, while
the remaining classes have minimal par-
ticipation in the population distribution:

« Continuous urban fabric (S.L.: >
80%) — Predominant residential
use: areas with a high degree of
soil sealing, independent of their
housing scheme (single family
houses or high-rise dwellings,
city centre or suburb). Included
are downtown areas and city cen-
tres, as well as Central Business
Districts (CBD) as long as they
are partially used for residential
purposes.

« Discontinuous dense urban fabric
(S.L.: 50% — 80%) — Predominant

M. Filipovi¢, N. Kruni¢ | 9

residential usage. Contains more
than 20% non-sealed areas, inde-
pendent of their housing scheme
(single Family houses or high-rise
dwellings, city centre or suburb).
The non-sealed areas might be
private gardens, or common
green areas.

Discontinuous medium density
urban fabric (S.L.: 30% — 50%) —
Residential buildings, roads and
other artificially surfaced areas.
The vegetated areas are predom-
inant, but the land is not dedicat-
ed to forestry or agriculture.
Discontinuous low density urban
fabric (S.L.: 10% — 30%) — Residen-
tial buildings, roads and other ar-
tificially surfaced areas. The veg-
etated areas are predominant,
but the land is not dedicated to
forestry or agriculture.
Discontinuous very low density
urban fabric (S.L.: < 10%) — Resi-
dential buildings, roads and other
artificially surfaced areas. The
vegetated areas are predomi-
nant, but the land is not dedi-
cated to forestry or agriculture.
Example: exclusive residential
areas with large gardens.
Isolated structures — Artificially
isolated structures with a residen-
tial component, such as (small) in-
dividual farmhouses and related
buildings.

Industrial, commercial, public, mil-
itary and private units — Industrial,
commercial, public, military or
private units. The administrative
boundaries of the production or
service unit are mapped, includ-
ing associated features larger
than the MMU (e.q. sports areas
or transport structures).

STANOVNISTVO, 2025, 00(0), 1-27
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The obtained data were subsequently
mapped using the ArcGIS Pro software
package (Esri Inc. n.d.). For enhanced
visualization of changes by land-use
categories and time-of-day periods, 3D
maps were also incorporated.

4 RESULTS

According to the results of the 2022
Population Census, the territory of the
Republic of Serbia had 795,779 active
residents participating in commuting.
This number represented 12% of the
total population of the country (exclud-
ing data for Kosovo and Metohija) and
28.4% of all active individuals engaged in
employment (SORS 2025). In comparison
to the previous Census in 2011, which
recorded 615,990 workers engaged
in this form of movement, there was

an increase of over 180,000, or nearly
30%. This phenomenon has accentuated
the demographic trend documented in
the first intercensal period of the 21
century, characterized by an approxi-
mate 10% escalation in the volume of
commuters (Filipovi¢ 2020). Considering
the decrease in the overall population of
Serbia and the contingent of employed
individuals during the mentioned period,
the share of commuters becomes even
more significant. Based on such a trend,
the difference between daytime and
nighttime populations of specific settle-
ments and their parts gains importance.

Within the territory of Serbia, and in
accordance with patterns of daily mobil-
ity of the employed population, settle-
ments were identified where the day-
time population significantly exceeded
the nighttime population. The selected

Table 1 Night and Day population of Belgrade, Nis and Novi Sad in 2022.

Municipality Nighttime population Daytime population Change Index DPC
Vozdovac 155,909 135,196 -20,713 86.7
Vradar 55,406 67,751 12,345 122.3
Zvezdara 172,625 137,084 -35,541 79.4
Zemun 166,049 155,542 -10,507 93.7
Novi Beograd 209,763 264,985 55,222 126.3
Palilula 113,883 116,241 2,358 102.1
Rakovica 104,456 77,386 -27,070 741
Savski venac 36,699 97,815 61,116 266.5
Stari grad 44,737 93,827 49,090 209.7
Cukarica 138,187 113,233 -24,954 81.9
BELGRADE Total 1,197,714 1,310,023 112,309 109.4
Pantelej 36,354 29,255 -7,099 80.5
Crveni krst 11,970 20,230 8,260 169.0
Medijana 78,470 88,079 9,609 112.2
Palilula 52,182 45,373 -6,809 87.0
NIS Total 178,976 194,352 15,376 108.6
NOVISAD Total 260,438 297,397 36,959 114.2

Source: SORS 2025. (Total=settlement)
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centres of work differ in terms of type,
significance and spatial distribution
within the settlement network of Serbia.
As with most demographic indicators,
the city of Belgrade takes the lead in
this type of spatial-temporal popula-
tion distribution, with a difference of
112,309 between daytime and night-
time populations. Besides the capital,
other notable centers with differences
exceeding 10,000 residents include Nis
and Novi Sad (Table 1). For the remaining
selected settlements, the difference
between daytime and nighttime popu-
lations is at a significantly lower level in
absolute terms.

Furthermore, within the settlements
of Belgrade and Ni$ themselves, which
are divided into multiple urban mu-
nicipalities, internal commuting can
be analysed in the context of changes
between nighttime and daytime popu-
lation. This aspectis further explored in
the concluding section of this study. The
aforementioned findings (Zivanovi¢ et al.
2021; Filipovi¢, Kruni¢ and Zhelenkova
2022) underscore the need for a more
comprehensive analysis of temporary
population changes within the daily
urban systems of Novi Sad, Nis, and par-
ticularly Belgrade, as it represents the
most prominent centre in the Serbian
territory.

Therefore, taking into account the
net commuting, enumerated population
and land cover classes with the highest
population, a highly simplified model of
intra-urban redistribution was created
(Table 2).

4.1 BELGRADE

The settlement of Belgrade is tradition-
ally the most influential urban centre
in Serbia, serving as the nucleus of the
most significant daily urban system
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(Filipovi¢, Kruni¢ and Zhelenkova 2022).
In addition to its status as the capital city,
Belgrade represents the most populous
settlement and extends its sphere of
influence beyond national borders. It
is divided into 10 distinct settlement
areas, which either entirely or partially
correspond to urban municipalities (Voz-
dovac, Vracar, Zvezdara, Zemun, Novi
Beograd, Palilula, Rakovica, Savski venac,
Stari grad, and Cukarica). The population
of Belgrade, specifically its nighttime
residents, was reported at 1,197,714 in-
dividuals according to the 2022 Census.
Within this active population, 34,681 in-
dividuals with professional engagement
outside the settlement, constituted a
contingent of commuters. On the other
hand, within the Belgrade’s territory,
146,990 residents from other settle-
ments were employed, resulting in the
total daily population of 1,310,023 indi-
viduals. The diurnal population change
index stood at 109.4 across the entire
settlement of Belgrade.

Within the Belgrade settlement itself,
distinct variations in spatial distribution
between daytime and nighttime popula-
tions are observed. With Belgrade being
divided into ten parts corresponding
to different municipalities, five areas
exhibited greater presence of daytime
population (Vracar, Novi Beograd, Pali-
lula, Savski venac and Stari grad), while
the remaining five areas demonstrated a
more significant concentration of night-
time residents (Vozdovac, Zvezdara,
Zemun, Rakovica, and Cukarica). The
highest influx of population during
the day was registered in Savski venac
(61,116) and Novi Beograd (55,222). The
diurnal population change index reached
its peak in the previously mentioned
Savski Venac (266.5) and another central
municipality, that of Stari Grad (209.7).
Opposite to that, Zvezdara experienced
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Table 2 Estimated night and daily population distribution of the three cities based on Census
data for the year 2022 and Urban Atlas classes from 2018.

Area, %N_ % Total  Total Density Density
Land use ha POP D_POP N_POP D_POP N_POP/ha D_POP/ha
BELGRADE
Continuous urban fabric 1,648.0 29 37 347,337 465,852 210.8 282.7
(S.L.:>80%)
Discontinuous dense urban fabric  4,391.5 46 24 550,948 302,174 125.5 68.8
(S.L.:50% — 80%)
Discontinuous medium density 2,165.2 14 8 167,680 100,725 77.4 46.5
urban fabric (S.L. : 30% — 50%)
Discontinuous low density urban 9059 4 2 47,909 25,181 52.9 27.8
fabric (S.L.: 10% —30%)
Discontinuous very low density 410.7 1 1 11,977 12,591 29.2 30.7
urban fabric (S.L.: < 10%)
Isolated structures 59.9 1 0 11,977 0 200.0 0.0
Industrial, commercial, public, mili- 3,453.1 5 28 59,886 352,537 17.3 102.1
tary, private units, and all others*
NOVI SAD
Continuous urban fabric 519.2 36 46 93,758 136,803 180.6 263.5
(S.L.: > 80%)
Discontinuous dense urban fabric ~ 1,075.2 48 14 125,010 41,636 116.3 38.7
(S.L.:50% — 80%)
Discontinuous medium density 203.3 6 6 15,626 17,844 769 87.8
urban fabric (S.L. : 30% — 50%)
Discontinuous low density urban 66.9 1 2 2,604 5948 389 88.9
fabric (S.L.: 10% — 30%)
Discontinuous very low density 1,080.8 3 32 7,813 95,167 7.2 88.1
urban fabric (S.L. : < 10%)
Isolated structures 2284 1 2,604 0 11.4 0.0
Industrial, commercial, public, mili- 7,312.9 2 5,209 0 0.7 0.0
tary, private units, and all others*
NIS
Continuous urban fabric 4469 48 56 85,908 102,445 192.2 229.2
(S.L.:>80%)
Discontinuous dense urban fabric  604.6 39 14 69,801 25611 1154 42.4
(S.L.:50% — 80%)
Discontinuous medium density 1568 6 6 10,739 10,976 68.5 70.0
urban fabric (S.L. : 30% — 50%)
Discontinuous low density urban 80.0 2 1 3,580 1,829 4438 229
fabric (S.L.: 10% — 30%)
Discontinuous very low density 1069 1 1 1,790 1,829 16.7 17.1
urban fabric (S.L. : < 10%)
Isolated structures 3.0 0 0 0.0 0.0
Industrial, commercial, public, 7126 4 22 7,159 40,246 10.0 56.5

military, private and all others*

*This type of land use class includes all other land uses with a very small amount of population and share
of less than 1% of the total population.

Source: SORS 2025 (N_POP-nighttime population; D_POP-daytime population)

https://doi.org/10.59954/stnv.694



the most substantial decrease in popu-
lation during the day compared to the
census figures (35,541). Other settle-
ment parts with nighttime population
exceeding 20,000 residents included
Vozdovac (20,713), Rakovica (27,070)
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and Cukarica (24,954). Rakovica had the
lowest diurnal population change index
value (74.1) among all parts of Belgrade.

Significant differences in the distri-
bution of nighttime and daytime pop-
ulations in Belgrade were observed

Figure 2a Spatial distribution of the nighttime (left) and daytime (right) population of Belgrade
(the detail covering central part of the urban area)

Figure 2b Spatial distribution of the nighttime (left) and daytime (right) population of Bel-
grade (the detail covering central part of the urban area) showed in 3D for better recognition
of the changes in redistribution. Note: Due to the size of the urban core of Belgrade, it is not
possible to show it in its entirety in this format, therefore the central part with the surround-

ings, where the most significant changes are taking place, is shown
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according to anthropogenic land cover
classes (Figure 2a; 2b). The usual popu-
lation, that is nighttime population, was
the most numerous in discontinuous ar-
eas with high-density urban fabric, with
around 551,000 inhabitants, accounting
for 46% of the population. Continuous
urban fabric (29%) and discontinuous
areas with medium-density urban fabric
(14%) also had significant shares in these
distribution findings. The highest con-
centration of daytime population was
registered in continuous urban fabric
with around 466,000 inhabitants (37%).
The diurnal population change index for
this category had a value of 134, and
the population density during the day
was 283 per ha. Industrial, commercial,
public and business zones were another
focal point of daytime population con-
centration, within which these zones
accounted for 28% of the total, or al-
most six times larger than the nighttime
population. All classes of discontinuous
urban fabric experienced a decrease in
the daytime population compared to the
nighttime population.

4.2 NOVISAD

Novi Sad represents the most influential
centre north of Belgrade and is thus the
core of the largest daily urban system in
that part of Serbia. According to the data
from the 2022 Census, the settlement
itself was populated by 260,438 inhab-
itants, which in this case is considered
the nighttime population. Based on the
number of residents, Novi Sad repre-
sents the second most populous centre
on the entire territory of Serbia. Out of
its total inhabitants, 21,668 commuters
were employed in another settlement,
while on the other hand, 58,627 com-
muters from other settlements were
employed in Novi Sad. This led to a
14.2% increase in the number of people
residing in the observed centre on a daily
basis, compared to the population de-
termined by the census. By considering
the commuting population of Novi Sad
(297,397), with a change index of 114.2
in relation to the nighttime population,
an additional 36,959 individuals can be
accounted for.

Figure 3a Spatial distribution of the nighttime (left) and daytime (right) population of Novi Sad
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Figure 3b Spatial distribution of the nighttime (left) and daytime (right) population of Novi Sad
showed in 3D for better recognition of the changes in redistribution

Almost half of the nighttime popu-
lation, that is the usual population of
Novi Sad (48%), resided in discontinu-
ous high-density urban fabric (Figure
3a; 3b). This contingent consisted of
around 125,000 inhabitants, or 116
individuals per ha. Another influen-
tial share of the nighttime population
(36%) was found in continuous urban
fabric, accounting for nearly 85% of
the population of Novi Sad when com-
bined with the previous category. The
highest proportion of the daytime pop-
ulation was concentrated within the
continuous urban fabric (46%), where
the number of inhabitants increased
by 46% compared to the nighttime
population. Industrial, commercial,
public, and business zones involved a
significant concentration of 35% of the
daytime population. The intensity of
change was the most dominant in this
category, with the daytime population
concentration being nearly 12 times
higher than that of the nighttime pop-
ulation. However, a decrease in popula-
tion concentration at the daytime level

was observed in the areas of discontin-
uous built-up land.

4.3 NIS

NiS, the most prominent urban centre in
the Southern and Eastern Serbia region,
serves as the core of the most signifi-
cant daily urban system in that part of
the country. The city encompasses four
municipal districts (Medijana, Pantelej,
Palilula and Crveni Krst) and is regarded
a central hub for commuters. Accord-
ing to the 2022 Census data, Nis had a
usual population of 178,976 individuals,
including both of commuters and night-
time residents. Out of the total popula-
tion, 10,039 individuals were identified
as commuters based on the census
methodology, representing active resi-
dents of Ni§ who commuted to work to
otherareas. Contrary to that, 25,415 res-
idents from neighbouring settlements
were employed in Nis, contributing to
a daytime population of 194,352, The
diurnal population change index for Nis
in 2022 was 108.6.
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Ni$ itself exhibits significant territori-
al distribution differences in daytime and
nighttime population across its various
parts, belonging to different municipal
districts. As the urban core of Nis is di-
vided into four parts, greater daytime
population influence was observed in
the parts belonging to the Crveni Krst
and Medijana municipal districts, while

nighttime population predominated
in the parts belonging to the Palilula
and Pantelej municipal districts. The
most significant absolute change from
nighttime to daytime population was
recorded in the Medijana municipal
district. During the day, this part of
NiS experienced an increase of 9,609
individuals compared with the number

Figure 4a Spatial distribution of the nighttime (left) and daytime (right) population of Nis

Figure 4b Spatial distribution of the nighttime (left) and daytime (right) population of Ni§
(the detail covering central part of the urban area) showed in 3D for better recognition of the
changes in redistribution
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of residents determined by the census.
The index of change from nighttime to
daytime population reached its highest
value of 169 in the part of Ni$ belonging
to the Crveni Krst municipal district.
Opposite to that, the largest absolute
decrease in daytime population (-7,099)
was registered in the part of the urban
core belonging to the Pantelej municipal
district, while the lowest index value of
80.5 was observed in the same part of
the Nis settlement.

Among the observed settlements,
Ni$ exhibited the highest concentration
of both nighttime and daytime popula-
tions in the same anthropogenic land
cover category (Figure 4a; 4b). Around
86,000 residents of Nis lived in the con-
tinuous urban fabric, representing 56%
of the nighttime population. At the day-
time level, this number fluctuated with
anindex of 119, comprising a half of the
daytime population, with the density of
229 persons per ha. Approximately sig-
nificant concentration of the nighttime
population (39%) was observed in the
discontinuous high-density urban fabric,
whereas the second most significant
concentration of the daytime population
(22%) was in the industrial, commercial,
public and business zones. In these
zones, the population increased approx-
imately 11 times during the day, while it
decreased in relation to the nighttime
population in the discontinuous urban
fabric categories.

It should also be noted that the dif-
ferences in the distribution of daytime
and nighttime populations are also a
consequence of the urban morpholog-
ical structure of the settlements them-
selves and land use patterns. In the areas
with more pronounced divisions be-
tween work zones and residential areas,
more significant shifts in the commuter
population are observed, a conclusion
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of great importance for urban planners
and decision-makers.

5 DISCUSSION

One of the main objectives of this study
is the application of diverse analytical
tools to achieve a deeper understanding
of the spatiotemporal patterns of pop-
ulation mobility. For this reason, among
others, anintegration and cross-applica-
tion of different types of data sources
have been carried out, so as to obtain
the clearest possible picture of the
spatiotemporal distribution of the pop-
ulation. Previous research has employed
the concept of combining population
data with land-use information, both
in Serbia (Gaji¢ and Kruni¢ 2020) and
in the wider region (Gaji¢ Proti¢ et al.
2024); however, the specificity of this
study lies in the fact that, for the first
time in Serbia, such an approach has
been implemented, which used data
on one form of temporary population.
Furthermore, the delineation of work
zones and residential zones through the
application of the diurnal population
change index has proven to be suitable
across different territorial levels. Until
now, the application of this type of index
has encompassed FUA, municipal, and
settlement levels (KNGIl 2021; ISTAT
2020). By incorporating data at finer
territorial scales, namely sub-settlement
units, the index can also be employed to
identify functional differentiation within
a single settlement.

The results of this study clearly
demonstrate that Serbia’s three largest
urban centres—Belgrade, Novi Sad, and
Nis—play a disproportionately dominant
role in structuring daily mobility. The
redistribution between daytime and
nighttime populations in these cities
not only confirms the general patterns
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documented internationally (Charles-Ed-
wards et al. 2020; Qi et al. 2015; Brollo
and Celata 2022), but also highlights the
unique features of Serbia’s post-socialist
urban transformation, particularly the
pronounced centralisation of employ-
ment and services. These urban centres
exhibit a clear concentration of daytime
population in the commercial and ad-
ministrative cores, accompanied by the
depopulation of residential zones during
working hours. However, the degree of
centralisation observed in Serbia—espe-
cially in Belgrade—is considerably higher
than in the majority of polycentric urban
systems.

The most significant centres of daily
mobility are characterised by a highly po-
larised geospatial pattern in Serbia, with
Novi Sad, Nis, and particularly Belgrade
emerging as key employment hubs, ex-
hibiting the most notable positive daily
changes in the size of population. The
dominant employment function of these
settlements also shapes the function
and spatial orientation of the surround-
ing settlements within their respective
daily urban systems. While major em-
ployment centres attract a substantial
influx of population on a daily basis, the
opposite process is observed in certain
settlements located in close proximity,
albeit to varying degrees.

Belgrade stands out as the country’s
primary employment hub, attracting
nearly 147,000 inbound commuters
daily, equivalent to 18.5% of all commut-
ing workers in Serbia. This magnitude
surpasses the combined total for Novi
Sad and Ni$ and mirrors the primacy
of capitals such as Budapest and So-
fia (Zivanovi¢ et al. 2019). Intra-urban
analysis further reveals a strong spatial
polarisation between work-oriented
municipalities (Savski venac, Stari grad)
and residential municipalities (Rakovica,
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Zvezdara), a pattern also found in West-
ern European metropolitan areas (Mileu
and Queirds 2022), though in Serbia
these divisions are largely a legacy of the
industrial-era zoning and post-socialist
redevelopment.

According to preliminary analyses of
the 2018 UA data, covering urban areasin
14 cities in Serbia (excluding Kosovo and
Metohija, Belgrade, Novi Sad, Nis, Kragu-
jevac, Subotica, Novi Pazar, Zrenjanin,
Kraljevo, Cacak, Krusevac, Leskovac, Val-
jevo, Vranje, and Smederevo), and consid-
ering the official data from the Statistical
Office of the Republic of Serbia (SORS) on
population numbers, it was determined
that approximately 4,251,300 individuals
were part of some functional-urban are-
as of larger cities, accounting for about
61% of the estimated total population
of Serbia in 2018. The ‘anthropogenic’
land classes (11100-14200) covered
approximately 8% of the analysed areas,
inhabited by around 4,032,600 people,
or 95% of the total population of func-
tional-urban areas in Serbia. The highest
number of inhabitants was recorded in
discontinuous areas with high (38%) and
medium (24%) density urban fabric, as
well as continuous urban fabric (14%),
representing about 76% of the total
population of functional-urban areas
in Serbia. The average population den-
sity across the seven previously shown
classes in Serbia is 37 persons/ha, with
the highest population densities found
in continuously urban fabric where the
development percentage exceeds 80%,
reaching as high as 138 persons/ha. In
discontinuous zones, population density
ranged from 61 persons/ha in high-densi-
ty areas to 4 persons/ha in very low-den-
sity urban fabric.

The integration of Urban Atlas land-
use data into this analysis provided
a deeper insight into the functional



geography of daytime population shifts.
Continuous urban fabric and industrial/
commercial/public zones emerge as
the dominant attractors of daytime
population, while all categories of dis-
continuous urban fabric lose residents
during the day. This aligns with the
findings of Qi et al. (2015) in Beijing and
Jo, Lee and Kim (2020) in Seoul, where
mono-functional zones experience the
most extreme diurnal population chang-
es, whereas mixed-use areas maintain
a more balanced day—night ratio. In
Belgrade, the daytime population in
industrial and commercial areas is near-
ly six times greater than the nighttime
figure, while in Nis the increase reaches
eleven-fold, reflecting a high level of
functional specialisation. In the vicinity
of Novi Sad, this is the case with the
discontinuous very low density urban
fabric, that is, with the first adjacent
category, which indicates relationships
similar to those observed in the remain-
ing two urban centres.

While these patterns are consistent
with global research, the methodology
applied in Serbia remains largely reliant
on static census data and periodic GIS
updates. This approach limits the ability
to detect short-term, weekly, or seasonal
fluctuations in daily mobility, a limitation
repeatedly highlighted in the literature
(McPherson and Brown 2004; Kobayas-
hi, Medina and Cova 2011; Panczak,
Charles-Edwards and Corcoran 2020).
In contrast, recent studies in Australia
(Charles-Edwards 2016), South Korea
(Oh and Park 2023), and Italy (Brollo and
Celata 2022) have incorporated dynamic
datasets—mobile phone records, GPS
traces, and smart-card transit data—to
capture real-time and seasonal variabil-
ity. Such methods offer higher temporal
granularity and allow planners to model
scenarios, such as peak commuting pe-

M. Filipovié, N. Kruni¢ 1 19

riods or emergency evacuations, with
greater precision.

Another dimension, confirmed in
both Serbian and international contexts,
is the close relationship between com-
muting patterns and the broader so-
cio-economic landscape. In Serbia, high
housing costs in central urban zones,
combined with uneven regional eco-
nomic development, continue to drive
long-distance commuting (Luki¢ 20113;
2022), echoing patterns seen in Italian
cities where temporary populations are
driven not only by labour mobility but
also by student migration and tourism
(Brollo and Celata 2022). However, in the
Serbian case, labour mobility is the over-
whelmingly dominant factor, making
the observed redistribution more stable
over time but less flexible in responding
to sudden economic or infrastructural
changes.

Combining advanced technologies
with traditional demographic methods
offers transformative potential for ur-
ban planning and public health (Poti¢
2024). The applied 3D visualization ap-
proach to the spatial distribution of
population, based on the collected datsa,
yielded clearer results in the cases of
Ni$ and Novi Sad, primarily due to their
smaller territorial scope. Therefore, to
enhance applicability, it is proposed
that the method be extended to indi-
vidual sections of Belgrade, as well as
to other settlements included in the
Urban Atlas. This is consistent with the
approach taken in metropolitan-scale
studies in Lisbon and Porto (Mileu and
Queirds 2022), where high-resolution
3D mapping was used to support urban
policy decisions.

From a practical standpoint, the im-
plications of these findings are substan-
tial. For transport planning, understand-
ing the spatial distribution of daytime
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populations enables optimisation of
public transport capacity, dynamic traf-
fic management, and targeted devel-
opment of cycling and pedestrian infra-
structure in high-fluctuation areas. For
emergency management, as in Japan
and the United States (McPherson and
Brown, 2004; Kobayashi, Medina and
Cova 2011), daytime population models
can guide the location of emergency
services, evacuation route planning,
and risk assessments. In the economic
sphere, daytime population data are
essential for estimating the potential
of retail, hospitality, and cultural sec-
tors, as well as for revitalising central
business districts through mixed-use
development to reduce extreme diurnal
fluctuations.

Overall, the Serbian case confirms the
utility of the temporary population con-
cept for understanding urban dynamics,
while also underlining the urgent need
to modernise the data collection and
analysis methods. The integration of
dynamic, high-frequency datasets would
not only enhance the accuracy and time-
liness of such analyses, but also facilitate
meaningful international comparisons
and evidence-based policymaking. In
line with the broader literature (Panczak,
Charles-Edwards and Corcoran 2020),
the next step is to embed these models
into the operational tools of urban gov-
ernance, ensuring that infrastructure,
services, and risk management systems
are designed for the realities of how
populations actually inhabit and move
through urban space.

6 CONCLUSION

The spatiotemporal analysis of the dif-
ferences between daytime and night-
time populations in Serbian settlements,
based on the 2022 Population Census
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and geospatial land-use data, confirmed
that daily population mobility is one of
the key factors shaping the functional
structure of urban areas. The largest
differences between daytime and night-
time populations were recorded in Bel-
grade, Novi Sad, and Ni$, indicating their
dominant role as employment centres at
the national level.

The applied Diurnal Population
Change Index enabled the identifica-
tion of settlements with predominantly
work-oriented or residential functions.
Settlements with high index values
(>100) experience a net inflow of com-
muters during the day and are character-
ised by a concentration of employment
activities, while those with values below
100 are primarily residential and act as
“suppliers” of labour. Spatial differences
in population concentration between
day and night are most pronounced
in the areas of continuous urban fab-
ric and in the industrial-commercial
zones, a pattern particularly evident in
Belgrade.

The results point to the need of en-
hancing planning and management poli-
cies thatincorporate the concept of tem-
porary population. Urban governance,
infrastructure sizing, public transport
planning, and emergency management
must be based not only on the perma-
nent population, but also on actual daily
population flows. Moreover, the appli-
cation of integrated data sources—cen-
sus, functional, and geospatial—proves
to be a valuable approach in defining
contemporary urban systems and both
intra- and inter-urban connectivity.

In this regard, the study demon-
strates the value of combining Urban
Atlas land-use classifications with de-
mographic data to achieve a more pre-
cise functional interpretation of spatial
patterns. The visualisation of these



differences through 3D models has fur-
ther proven to be a powerful analytical
tool, enabling the clear identification
of "hotspots” of daytime activity and
offering decision-makers an intuitive
means to assess and communicate urban
dynamics. Such integration of thematic
geospatial data with advanced visualis-
ation technigues not only improves ana-
lytical precision, but also strengthens the
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Unutarnaseljska redistribucija
dnevne i no¢ne populacije

PROSIRENI SAZETAK

Ovo istrazivanje razmatra prostorno-vremenske razlike izmedu dnevne i noéne populacije u tri
najveca urbana centra Srbije — Beogradu, Novom Sadu i Nisu — koris¢enjem podataka Popisa sta-
novnidtva iz 2022. godine i klasifikacija namene zemljiSta iz Urban Atlasa (2018). Kao klju¢ni me-
todoloski alat primenjen je Indeks promene dnevne populacije (Idpc), kojim su identifikovana
naselja i gradske zone sa pretezno radnom ili stambenom funkcijom.

Rezultati pokazuju izrazitu koncentraciju radnih mesta u najveéim gradovima, a posebno u Beo-
gradu, koji svakodnevno privlaci gotovo 147.000 radnika iz drugih naselja, Sto predstavlja 18,5%
svih dnevnih migranata u zemlji. Novi Sad sa 58.627 i Ni$ sa 25.415 dnevnih migranata pokazuju
znacajan, ali regionalno ogranicen uticaj. Unutar samih gradova, zabelezena je snazna prostorna
polarizacija izmedu centralnih opstina sa dominantno radnim funkcijama i perifernih delova sa
pretezno stambenim karakterom.

Najvece razlike izmedu dnevne i noéne gustine stanovnistva javljaju se u zonama kontinuirane
urbane izgradenosti i u industrijsko-komercijalnim podrucjima, gde se broj ljudi tokom dana vi-
Sestruko povecava. Ovi obrasci potvrduju dominantnu ulogu centralnih poslovnih zona i speci-
jalizovanih komercijalnih povrsina u oblikovanju dnevne mobilnosti. Integracija popisnih, funk-
cionalnih i geoprostornih podataka pokazala se kao posebno efikasna u preciznom odredivanju
funkcionalne strukture i identifikaciji klju¢nih zona privremenog priliva stanovnistva.

Znacajan doprinos istrazivanja ogleda se u primeni klasifikacija iz Urban Atlasa u kombinaciji sa
3D vizuelizacijom, $to je omogudilo jasan prikaz prostorne distribucije razlika izmedu dnevne i
noc¢ne populacije. Ovaj vizuelni pristup olakSava donoSenje odluka u urbanistickom planiranju,
jer omogucava prepoznavanje ,vrucih tacaka” dnevne aktivnostiibolje razumevanje opterecenja
infrastrukture u razli¢itim delovima grada.

Nalazi istrazivanja imaju neposredne prakti¢ne implikacije. U urbanom planiranju i upravljanju
saobradajem, podaci o dnevnim tokovima stanovnistva mogu se koristiti za optimizaciju javnog
prevoza, dimenzionisanje saobracajne i komunalne infrastrukture, te planiranje pesackih i bici-
klistickih mreZa. U oblasti vanrednih situacija, oni omogucavaju preciznije planiranje evakuacija,
raspored hitnih sluzbi i procenu rizika.

Ovaj rad pruza ¢vrstu metodolosku osnovu za dalja istrazivanja privrcemene populacije i dnevnih
migracija kao klju¢nih prostornih i funkcionalnih fenomena. Integracija dinamicnih izvora poda-
taka, poput mobilne telefonije ili GPS sistema, predstavljala bi logi¢an naredni korak ka unapre-
denju preciznosti, uporedivosti i primenljivosti ovakvih analiza, sa ciljem unapredenja odrzivosti,
otpornosti i efikasnosti urbanih sistema u Srbiji.
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