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Article type: Uneven population distribution, particularly in developing
Research Article countries, creates challenges such as inequality in access to
infrastructure and public services, as well as imbalance in
regional development. Alborz Province, located on the outskirts
of the capital and characterized by rapid population growth in
recent years, is considered a suitable case for examining spatial
population changes. Accordingly, this study aims to analyze the
spatio-temporal dynamics of rural population distribution in

gg;ieci'\fegi“‘"y’ Alborz Province over the period 2011 to 2016, using advanced
3 April 2026 spatial autocorrelation models. This study is applied in objective
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4 July 2026 for the two specified periods and processed in a Geographic
Available online: Information System (GIS) environment. For data analysis,
17 August 2026 various spatial statistical methods were employed, including the

nearest neighbor index, local spatial autocorrelation, the Getis-
Ord Gi* index, and kriging interpolation. The findings indicate
that the rural population distribution in the province follows a
clustered and uneven pattern. High-value clusters (hot spots) are
mainly concentrated around the counties of Karaj, Savojbolagh,
Nazarabad, and Eshtehard, while low-value clusters (cold spots)
are dispersed in other areas. Although the intensity of spatial

Keywords: autocorrelation has somewhat decreased at the macro level, the
ébbr‘;:zngz"l;fgh enduring spatial stability of major population centers over the
Distribution, study period indicates continued spatial inequality. This study
Spatio-Temporal Analysis, emphasizes the need for a place-based approach in future
if::;',f?toco”e'a“o”' planning to achieve a more equitable distribution of population
Spatial Statistical Models. and services in Alborz Province.
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Extended Abstract

Introduction

Uneven population distribution is a major
concern in spatial planning because the
concentration of population, infrastructure,
employment, and services in particular
locations  can reinforce territorial
inequalities and weaken balanced regional
development. Rural population distribution
is especially important because rural
settlements are embedded in wider systems
of urban, economic, transportation, and
environmental relationships. In Iran, the
spatial organization of rural population is
characterized by considerable variation
among regions, while rapid urbanization,
industrialization, and changing
demographic structures have increased the
need to understand how rural settlements
are organized across space and how these
patterns evolve over time. Alborz Province
provides a particularly significant setting
for such an analysis because of its
proximity to the Tehran metropolitan area,
its strategic communication corridors, and
the interaction of rural settlements with
urban, industrial, agricultural, and service
functions. This study analyzes the spatio-
temporal dynamics of rural population
distribution in Alborz Province during the
2011-2016 period. The central question is
how spatial autocorrelation structures
explain changes in the distribution of rural
population and what patterns of clustering,
concentration, or spatial differentiation can
be identified between the two census
periods? The analytical perspective is
grounded in spatial organization, central
place theory, growth pole theory,
cumulative causation, place-based
development, and spatial dependence.
Access to services and economic activities
can attract population toward particular
centers, while infrastructure, employment
opportunities, and accumulated
development advantages may reinforce
concentration. At the same time, the first
law of geography and the concept of spatial
autocorrelation  suggest that  nearby
settlements tend to be more closely related
than  distant  settlements.  Therefore,
examining population distribution requires
methods capable of identifying both general
spatial structure and localized clusters.

The study contributes to this discussion by
integrating  several spatial statistical
techniques rather than relying on a single
indicator. The combined use of nearest-
neighbor analysis, Global Moran’s I, Local
Indicators of Spatial Association (LISA),
Getis-Ord Gi*, and ordinary kriging makes
it possible to examine the spatial structure
of rural population from complementary
perspectives. This methodological
combination helps distinguish the geometry
of  settlement locations from the
concentration of population values and
allows persistent hot spots, cold spots,
spatial outliers, and continuous population
intensity to be identified.

Methodology

This applied research employed a
descriptive-analytical methodology. The
population comprised all inhabited rural
settlements in Alborz Province recorded in
the 2011 and 2016 General Population and
Housing Censuses. Census data recorded
393 settlements in 2011 and 332 in 2016. A
complete enumeration approach was
employed, encompassing all settlements for
which population and spatial data were
available. Spatial analyses were conducted
in ArcGIS 10.8 using Spatial Statistics and
Geostatistical ~ Analyst. The analysis
involved several complementary stages.
First, the mean center, population-weighted
mean center, standard distance, and
directional distribution ellipse assessed
geographic  center, concentration or
dispersion,  orientation, and  spatial
elongation. Second, the Average Nearest
Neighbor (ANN) index was applied to
determine whether settlement patterns were
clustered, random, or regular. The nearest-
neighbor ratio, Z-score, and p-value
assessed significance. Third, global and
local spatial autocorrelation were examined.
Global Moran’s 1 assessed positive or
negative spatial autocorrelation in rural
population. Spatial relationships were
defined utilizing Euclidean distance and an
inverse-distance spatial weight matrix, with
a 20,000-meter threshold excluding
settlements beyond this distance. Row
standardization ensured the comparability
of spatial weights, and the same
configuration was adopted for both census
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years. LISA identified High-High, Low-
Low, High-Low, and Low-High
associations and distinguished significant
local clusters from nonsignificant locations.
Fourth, the Getis-Ord Gi* statistic
identified statistically significant hot spots
and cold spots of rural population. Finally,
ordinary kriging estimated continuous
spatial population intensity using a
spherical variogram model with an
approximate range of 18,000 meters. Model
performance was evaluated through cross-
validation using Mean Error (ME), Root
Mean Square Error (RMSE), Average
Standard Error (ASE), Mean Standardized
Error (MSE), and Root Mean Square
Standardized Error (RMSSE). ME and
MSE values close to zero and RMSSE
close to one indicated acceptable model
performance. This framework enabled
systematic comparison of rural settlement
patterns and  population  distribution
between census years directly.

Results and Discussion

The descriptive spatial analysis indicates a
stable organization of rural population. The
center of the rural settlement points
remained stable in 2011 but shifted
northward in 2016, whereas the population-
weighted center remained near the central
part of the province in both periods. This
stability suggests that, despite changes in
the number and location of inhabited
settlements, the population mass did not
experience a geographic  relocation.
Standard-distance analysis indicates that
population is more concentrated than
settlement points. The highest population
densities are associated with central,
northwestern, and southwestern parts of the
province. The directional distribution
illustrates a northeast-southwest orientation,
which  remained stable, with slight
contraction in 2016. The ANN results
provide evidence of clustering in the
arrangement of rural settlements. The
observed mean distance among settlements
was approximately 1,407 meters in 2011
and 1,827 meters in 2016, compared with
expected distances of about 2,063 and
2,636 meters, respectively. The nearest-
neighbor ratios were 0.682 and 0.693, while
the Z-scores were -13.246 and -10.199,

with p-values of 0.000 in years. Rural
settlements therefore exhibited a clustered
pattern in census periods. This persistence
indicates that settlement locations are
strongly organized rather than randomly
distributed across the provincial territory.
Global Moran’s I confirms that rural
population  values exhibit significant
positive spatial autocorrelation. Moran’s |
increased from 0.065 in 2011 to 0.114 in
2016, while the expected values were -
0.00255 and -0.00302. The Z-scores were
4.312 and 4.134, respectively, and the p-
value was 0.000 in both periods. Thus, the
Moran’s | values were higher than expected
under spatial randomness. Rural settlements
with relatively high population values
tended to be located near other high-value
settlements, while low-value settlements
tended to occur near other low-value
settlements. The increase in Moran’s 1
indicates a strengthening of positive spatial
association provincially between the two
periods. Neighboring settlements therefore
participate in a shared system.

The LISA results provide a more
comprehensive picture of local spatial
organization. In 2011, 21 settlements, (5.34
percent), formed High-High clusters, while
15 settlements, or 3.82 percent, formed
Low-Low clusters. There were also 6 High-
Low and 8 Low-High locations. In 2016,
the number of High-High settlements
declined to 18, whereas Low-Low
settlements increased to 19. High-Low and
Low-High categories included 7 and 6
settlements, respectively. High-High
clusters were mainly associated with Karaj,
Savojbolagh, Nazarabad, Eshtehard, and
parts of Talegan. These persistent clusters
suggest that the underlying spatial structure
remained stable despite moderate changes
in local clustering. The Getis-Ord Gi*
analysis supports the LISA findings by
identifying persistent hot spots of high rural
population values. In 2011, hot spots were
concentrated mainly in the central and
eastern parts of the province, particularly
around Karaj and Savojbolagh. In 2016, the
concentration of hot spots shifted slightly
toward Savojbolagh, but the overall spatial
pattern remained stable. The results indicate
that high population values were strongly
associated with major urban and economic
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centers, while cold spots were dispersed
elsewhere. Kriging interpolation represents
the continuous population surface. The
results show that the highest estimated rural
population intensity was concentrated along
the  Hashtgerd-Nazarabad-Chahardangeh-
Karaj-Mahdasht corridor. In 2016, the
southern Karaj hot spot became smaller,
while additional high-intensity  areas
appeared along the Hashtgerd-
Chahardangeh  axis.  The  spherical
variogram model had an approximate range
of 18,000 meters, indicating meaningful
spatial ~ dependence  among  nearby
population observations. Cross-validation
exhibites acceptable performance in both
years. Mean Error was 15.27 in 2011 and
18.64 in 2016; RMSE was 1392.75 and
1486.32; ASE was 1365.41 and 1452.18;
MSE was 0.009 and 0.012; and RMSSE
was 1.019 and 1.024, respectively. These
results indicate limited systematic bias and
reasonable agreement between estimated
and observed errors. Taken together, the
results from ANN, Moran’s I, LISA, Gi*,
and kriging reveal a consistent spatial
structure. ANN demonstrates that rural
settlement locations are clustered; Moran’s
| reveals that population values are
positively and significantly autocorrelated;
LISA identifies local high-high and low-
low associations; Gi* detects persistent hot
spots and cold spots; and kriging reveals a
continuous corridor of relatively high
population intensity. Together, these
methods show that rural population in
Alborz has a clustered, spatially unequal
organization rather than a random pattern.
The findings can be interpreted through
spatial dependence and place-based
development. Tobler’s first law suggests
that neighboring settlements influence one
another  through the exchange of
population, services, employment,
infrastructure, and economic activities. The
proximity of Alborz to the Tehran
metropolitan area is particularly important.
Functional relationships among Tehran,
Karaj, and surrounding settlements connect
rural areas to metropolitan labor markets,
services, transportation networks, and
industrial activities. Industrial estates,
communication  corridors, employment
opportunities, and improved accessibility

can increase the attractiveness of
settlements located near major centers and
reinforce cumulative processes of spatial
concentration. From the perspective of
cumulative causation, areas with initial
advantages in accessibility, infrastructure,
employment, and services may continue to
attract population, while less connected
areas may experience weaker demographic
capacity. Theoretical implications are
relevant to the interpretation of differences
among rural settlements. Central place
theory accounts for the higher population
capacity of settlements proximate to service
centers and major urban nodes, while
growth pole theory draws attention to the
role of concentrated economic activities in
generating wider spatial effects. Place-
based development further suggests that
planning responses should reflect each
locality’s assets and constraints rather than
applying uniform interventions throughout
the province. In this context, the persistence
of high-value clusters indicates that spatial
inequalities are  reproduced through
established territorial advantages. At the
same time, the presence of low-low clusters
indicates that some settlements remain
outside the strongest circuits of population
and economic interaction. The results
consequently provide evidence for moving
from distributional planning toward policies
that recognize spatial relationships,
connectivity, and differentiated
development trajectories.

The comparison between 2011 and 2016
demonstrates the value of combining global
and local indicators. Global statistics
summarize the overall tendency toward
spatial dependence, whereas LISA and Gi*
reveal where that dependence s
concentrated.  Kriging adds  another
dimension by transforming  discrete
observations into a continuous
representation of population intensity.
Together, these methods reduce reliance on
any single statistic and provide a
comprehensive  spatial ~ reading  of
demographic organization.

Conclusion

This study examined the spatio-temporal
dynamics of rural population distribution in
Alborz Province between 2011 and 2016
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using an integrated set of spatial statistical
techniques. The results demonstrate that
rural population and settlement locations
are characterized by significant clustering,
positive  spatial  autocorrelation, and
persistent spatial inequality. The ANN
results confirm  clustered  settlement
patterns, while Global Moran’s 1
demonstrates significant positive
autocorrelation and an increase in spatial
association between the two census periods.
LISA and Gi* identify persistent high-value
concentrations, especially around Karaj,
Savojbolagh, Nazarabad, and Eshtehard,
while kriging highlights the Hashtgerd-
Nazarabad-Chahardangeh-Karaj-Mahdasht
corridor as a major axis of population
intensity. The principal finding is the
relative stability of the province’s spatial
population structure despite changes in the
number of inhabited rural settlements and
moderate changes in local cluster intensity.
The persistence of major population
concentrations suggests that the forces
supporting spatial concentration remained
active throughout the study period. These
forces are likely associated with the
metropolitan position of  Alborz,
accessibility, employment, services,
industrial development, and transportation
infrastructure.  However, this  study
identifies spatial associations rather than
estimating the  independent  causal
contribution of each factor. From a
planning perspective, the findings support a
place-based approach to rural and regional
development. Policies should recognize that
diverse rural settlements occupy different
positions within the provincial spatial
system and therefore require differentiated
interventions. Areas characterized by
persistent high-value clusters may need
policies addressing development pressure,
infrastructure  capacity, and balanced
relations with metropolitan centers, while
low-value and relatively isolated areas may
require improved access to services,
transportation, employment opportunities,
and essential infrastructure. The study has
several limitations. The analysis is based on
only two census periods, which restricts the
ability to identify longer-term demographic
trajectories. In addition, the research
focuses primarily on spatial patterns and

does not directly model economic, social,
environmental, migration, or accessibility
variables. Future studies should therefore
incorporate longer time series, more
detailed socioeconomic indicators, and
explanatory  spatial  econometric  or
geographically weighted models. Such
approaches could clarify the mechanisms
underlying spatial concentration and
identify the relative contribution of
metropolitan  influence, infrastructure,
employment, services, and environmental
conditions.
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