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Article type: Urban growth in the cities of southern Iraq has led to extensive
Research Article changes in the spatial pattern of land use and the intensification
of associated challenges. This study aims to analyze the spatial
pattern of urban land use in Nasiriyah and assess its change
trends trajectory. This applied study adopted a descriptive—
analytical mixed-methods approach, integrating remote sensing,
geographic information systems, and spatial modeling. The data
comprise Landsat satellite imagery from 1992, 2007, and 2022,
along with demographic, economic, and infrastructural data. To

1,3;;35&'“”” analyze spatial patterns, Moran's I, Shannon entropy, and the

3 April 2026 Gini coefficient were employed, while CA-Markov and ANN-

Received in revised form: CA models were used to predict upcoming changes. The findings
9 June 2026 . -
Accepted: revealed that the urban land area increased from 12.6 km? in
4 July 2026 1992 to 61.5 km? in 2022, representing a growth of 388%.

?yi‘sb'efgggg Concurrently, vegetated lands and water bodies decreased by
gus 35.5 km2 and 10 km?, respectively. The results of Moran's |
indicated a strong concentration of residential and commercial

land uses in the city's central core and an uneven distribution of

service-oriented land uses. Furthermore, the relative entropy

value of 0.76 indicates horizontal expansion and a relatively high

degree of urban sprawl. The spatial justice analysis, with a Gini

coefficient of 0.54, revealed significant inequality in the

distribution of urban services. CA-Markov model projections
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reach 122.4 km2 by 2052. The sustainable development scenario
- focusing on green space, education, and health services - was
the most suitable spatial pattern for Nasiriyah.
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Extended Abstract

Introduction

In recent decades, cities have become the
main centers of population concentration
and economic activities, with
urbanization transforming the physical
structure and land-use patterns (Hosseini
et al., 2026). According to a United
Nations report, the majority of future
urban population growth will occur in the
developing countries and cities of the
“Global South” (UN, 2018). Alongside
development opportunities, this trend has
generated consequences such as urban
sprawl, degradation of natural resources,
spatial inequality, and pressure on
infrastructure, making the analysis of
spatial land-use patterns one of the central
pillars of sustainable planning. Harvey
(1973) and Soja (2010) emphasized the
role of space in the reproduction of
inequality and the importance of spatial
justice, while Fainstein (2010) proposed
equitable distribution of development
opportunities within the framework of the
“Just City.” Talen (1998) and Greer
(2002) have stressed the measurement of
spatial justice in the distribution of
services. Furthermore, Roy (2009) and
Watson (2009) have underscored the
necessity of locally grounded and
context-sensitive approaches in cities of
the Global South.

Rapid urbanization and land demand can
lead to urban sprawl, peri-urban lands’
degradation, and reduced service
efficiency (Zaheri et al., 2026). Therefore,
the limitations of traditional approaches
and the complexity of spatial
transformations necessitate the use of
novel methods and intelligent models.
Studies by Pourkarim and Safaralizadeh
(2025), Salimizadeh et al. (2025), Ghazi
Mirsaeid et al. (2025), and Nazari et al.
(2025) also emphasized the importance of
spatial analysis, identification of change
drivers, sprawl management, and
balanced land-use planning.

In the field of spatial justice, studies have
revealed imbalances in the distribution of
urban services and have emphasized the
importance of land-use sustainability. In

the case of Iraq, rapid urbanization, the
use of integrated models for change
simulation, and issues such as service
inequality, social participation, and
spatial sustainability have been areas of
focus. Furthermore, the integration of
machine learning with GIS has been
employed to simulate urban growth and
expansion toward barren lands and
vegetation cover.

Nasiriyah - with its rapid land-use
change, physical expansion, and pressure
on land resources - requires smart
development management. The central
research question concerns how the
spatial pattern of land-use changes in
Nasiriyah has taken shape and the extent
to which it is possible to identify and
manage future trends using smart spatial
analysis approaches.

Despite numerous studies, an integrated
analysis of land use, urban sprawl, spatial
justice, growth forecasting, and optimal
urban development patterns in Nasiriyah
remains limited. Therefore, this study
aims to analyze the smart spatial pattern
of land use in Nasiriyah city and evaluate
past trends, the current situation, and
future  scenarios. Utilizing satellite
imagery, spatial indicators, growth
prediction models, and spatial justice
criteria, it offers a framework for
sustainable development, the
enhancement of spatial justice, and the
protection of environmental resources in
the city.

This research study is predicated on the
assumption that the spatial pattern of
urban land use is the product of the
interaction among three axes - spatial
justice, urban growth dynamics, and
sustainable urban development - and that
land use reflects the distribution of
opportunities, services, and resources
across the urban space.

The innovation of the study lies in the
simultaneous integration of land-use
analysis, spatial justice, urban sprawl,
intelligent predictive models, and optimal
scenario development to provide an
integrated and sustainable model for the
spatial development of Nasiriyah.
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Methodology

This applied study employed a
descriptive—analytical mixed-methods
approach integrating spatial analysis and
remote sensing. The study area is the city
of Nasiriyah in Dhi Qar Province, Iraq.
The data comprise Landsat satellite
imagery from 1992, 2007, and 2022,
supplemented by demographic, economic,
and infrastructural data and relevant
spatial layers. Following geometric and
radiometric correction, land-use maps
were generated through supervised
classification within a GIS environment.
To evaluate spatial patterns and predict
urban development in Nasiriyah, Moran's
I, Shannon entropy, and the Gini
coefficient, along with CA-Markov and
ANN-CA models, were employed within
the QGIS-MOLUSCE environment,
incorporating demographic, economic,
and infrastructural variables. The results
were validated using Kappa coefficient
and overall accuracy. Subsequently, an
optimal land-use distribution pattern was
formulated through development
scenarios, SWOT analysis, and expert-
based factor analysis.

The empirical model of the research is
grounded in actual data, supervised
classification, and simulation, with an
emphasis on assessing causal
relationships through Pearson correlation
and simulation accuracy (Kappa). It is
designed based on the hybrid ANN-CA
model of Hannon et al. (2023), utilizing
Landsat imagery from 1992 to 2022, with
a prediction accuracy exceeding 80%."
Nasiriyah, the capital of Dhi Qar Province
in Iraq, is located in the southeastern part
of the country at coordinates 31.05°N and
46.27°E, on the banks of the Euphrates,
approximately 370 km southeast of
Baghdad. Covering an area of 504 km?
and characterized by a predominantly flat
topography, the city holds significant
ecological and historical importance due
to its proximity to the international
marshes (Haur al-Hammar) and the
ancient city of Ur. Over the past three
decades, the city has experienced
population growth from approximately

266,000 in 1987 to nearly 860,000 in
2022, along with the expansion of built-
up areas and a decline in vegetation cover
and agricultural lands. These changes
have been driven by migration resulting
from drought, water resource depletion,
and oil-oriented development.

Data from 2025 indicated rapid urban
growth in Nasiriyah, driven by population
increase, rural migration, and economic
development, alongside a decline in
vegetation cover, water resources, and
barren lands. The ANN-CA model, using
Landsat imagery with an overall accuracy
of >93% and Kappa coefficient of >88%,
projects a 9.7% increase in urban land by
2052, with intensified sprawl and threats
to the southern marsh ecosystems.

Results and Discussion

The research findings indicate that
Nasiriyah has undergone a profound
transformation in the spatial pattern of
land use over the past three decades,
characterized most notably by rapid
horizontal expansion, loss of natural
cover, and intensifying spatial inequality.
The increase in the share of built-up land
from 2.5% in 1992 to 12.2% in 2022
represents a 388% urban growth rate,
which has largely come at the expense of
agricultural land and vegetation cover.
This trend is consistent with the findings
of Rimal et al. (2018) in cities of the
Global South, suggesting that Nasiriyah's
development has been shaped more by
demographic and economic forces than
by sustainable planning.

Land-use  change  projections  for
Nasiriyah were conducted using the
hybrid  ANN-CA model within the
MOLUSCE-QGIS environment, which
demonstrated  high  capability in
simulating urban growth with acceptable
accuracy (Kappa coefficient of 90.3% for
2012 and 80.2% for 2022). The results
indicate irregular and unplanned urban
expansion driven by population growth,
rural migration, proximity to
infrastructure, and urban centers.

Spatial indicators further confirm the
unbalanced structure of land uses.
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Moran's | for commercial (0.72) and
residential (0.68) land uses indicates the
concentration of activities in the city's
central core, while services such as green
spaces and educational facilities exhibit
uneven distribution. Furthermore, the
Gini coefficient for green space (0.68)
and health services (0.61) reveals a
significant gap in equitable access to
urban services - a finding consistent with
studies by Amanpour and Hassanpour
(2017), Salmani-Moghadam et al. (2018),
as well as the theoretical frameworks of
Fainstein's Just City (2010) and Soja's
Spatial Justice (2010).

The Shannon entropy value (0.76) also
indicates a high level of urban dispersion
and the emergence of an urban sprawl
pattern. This result is consistent with the
findings of Goudarzi et al. (2021) and
reflects the irregular expansion of the city
toward barren and agricultural lands,
alongside the weakening of urban growth
boundaries. Rural migration, climate
change, and water resource depletion, in
alignment with Hassan's (2023) findings,
are among the important drivers of these
transformations.

The results of the CA-Markov and ANN-
CA models indicate that, if the current
trend continues, the urban land area will
increase by approximately 99% by 2052,
nearly doubling, while vegetation cover
and water resources will decline. This
finding is consistent with the results of
Al-Dosari et al. (2023) in Kuwait and Al-
Hamidi et al. (2022) in Baghdad.
Furthermore, the probability of 0.08 of
vegetated land transitioning to urban use
highlights the fragility of Nasiriyah's
ecological structure.

From the perspective of spatial justice,
the concentration of services and high
Gini  coefficients indicate an unjust
development pattern, consistent with the
findings of Bagheri and Kananpour
(2023) and Amanipour and Hassanpour
(2017). In this context, Harvey's (1973)
theory of the “Right to the City”
emphasizes equal access for citizens to
urban resources - a principle that has not

been fully realized in the current situation
of Nasiriyah.

In scenario development, the sustainable
development scenario, with a score of 82
out of 100, was identified as the optimal
option. By restricting horizontal growth
and increasing the per capita green space
and educational services, this scenario
enables the improvement of spatial justice
and the reduction of environmental
pressures - a finding consistent with
studies by Zhou et al. (2023) and Tian et
al. (2016) on the application of hybrid CA
and MCDM models.

Conclusion

The findings revealed that the area of
urban land use increased by 388% in the
past three decades in Nasiriyah city.
Meanwhile, vegetated lands and water
resources decreased by 5.35 km2 and 10
km?, respectively. Moran’s 1 results
indicated a strong concentration of
residential and commercial land uses in
the city’s central core, accompanied by an
uneven distribution of service land uses.
A relative entropy value of 0.76 further
indicated horizontal expansion and a
relatively  high  degree of urban
development dispersion. Spatial justice
analysis, based on a Gini coefficient of
0.54, revealed substantial inequality in the
distribution of wurban services. CA-
Markov model projections exhibited that,
if current trends continue, the extent of
urban land use will reach 122.4 km? by
2052. Finally, the sustainable
development scenario, which emphasizes
increasing per capita green space and
improving educational and healthcare
services, emerged as the most appropriate
spatial development pattern for Nasiriyah.
In sum, the current development pattern
of Nasiriyah lacks sufficient spatial and
environmental sustainability, and its
continuation could exacerbate agricultural
land degradation, spatial inequality, and
pressure on water resources. Therefore,
revising land-use policies, enforcing
urban growth boundaries, developing
green  spaces, and  strengthening
integrated land-use management are
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essential. Furthermore, the use of GIS and
remote sensing can contribute to the
improvement of urban governance.
Ultimately, guiding Nasiriyah's
development toward resilience and
balance requires integrated planning
grounded in  spatial  justice and
environmental sustainability.
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