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ABSTRACT

Aims: This study aims to analyze the urban transformations witnessed in the city
of Erbil over the period (1980-2025), with a focus on measuring patterns of
urban expansion and tracking the evolution of urban density. The study seeks to
employ built-up surface data derived from the Global Human Settlement Layer
(GHS-BUILT-S) product to identify spatiotemporal changes in built-up surface
ratios at high spatial resolution, understand the relationship between population
growth and urban land use transformations, and assess urban development
trends and their spatial and temporal implications. Methods: The study relied on
analyzing built-up surface data extracted from the GHS-BUILT-S dataset
(R2023A), which provides a continuous measurement of built-up surface
percentage at a spatial resolution of 100 meters. Data were retrieved for eleven
temporal epochs (from 1980 to 2025) and processed using the Google Earth
Engine platform for image analysis and preparation. Subsequently, the extracted
values were reclassified into five categories according to built-up intensity (from
very low to very high density). Statistical analyses were conducted using
MATLAB software to measure temporal trends and spatial patterns of urban
expansion. Results: The results revealed a clear and consistent increase in built-
up areas in Erbil, with a gradual transition from low-density development
patterns (0-25%) to high-density development patterns (exceeding 50%),
particularly after 2000. The highest density category (75-100%) increased more
than fivefold, while areas of very low density declined significantly. Statistical
analysis revealed a strong negative correlation (r = -0.85) between population
and low-density built-up areas, while a strong positive correlation (r = 0.82)
emerged between population and high-density built-up areas. These findings
indicate that demographic pressures and economic growth serve as primary
drivers of both horizontal expansion and increased urban density. The study also
demonstrated that Erbil's growth passed through two main phases: the first,
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before 2000, characterized by low-density horizontal expansion, and the second,
after 2000, witnessing a remarkable increase in urban density due to improved
economic stability and growing investments. Conclusions: The study concludes
that utilizing long-term, high-resolution built-up surface data is crucial for
tracking urban changes and analyzing their patterns, as it provides deep insights
into the relationship between population dynamics and spatial transformations.
The findings confirm that urban planning in rapidly growing cities like Erbil
requires integrated strategies that account for both horizontal expansion and
density increase. The study recommends integrating these methodologies into
sustainable urban planning processes to ensure a balanced urban future.
Keywords: Urbanization, Urban Expansion, Urban Density, Erbil, GHSL,
Remote Sensing, Google Earth Engine.

nado o ddluly Syl AldBlone (8 (0 mdaoel) L2 ASaNg Al (o 39de Anyyl (ulid
(GHS-BUILT-S) iaseltalt jaa pddt Olidos goluuel

Jielaw! Tl (yalaae - 2.0

B3 oty 3 il -5l 7 i rmal

sAall I Jooyl nue e @1 Asleall c¥smtll Julos ) Lyl sda b ccdliads
Aeady Aulpandl BUST ekt adiy ezl pustdl blail (ulid (e 51 ao (Y2 YO—13AL)
Global Human Settlement Layer ziw (w dueiud! Ll Folaudl wlily cadsgs ) dwl,l!
Adle 4l 2B Al pebaadl i § AL Asledl sl wyums Cduye (GHS-BUILT-S)
il e ad Wpasndl (oM cllaziwl § c¥smilly GG saddl ou 2l qidy
bl Jelos e Byl cineiel 1 dempal/ Aoleplly 2L Lelails L pasd! deiall olales!
Lulid 4355 &lly (A) Y. TY ILaYIGHS-BUILT-S ( bily degazme (o A yieiad] Ll zoladl
Lo lalasio yde oY clilad) (odlieial @5 e Ve il 26l80 A3y Gl o) 2sudd St
Lilasll wlg,ll Jd=it Google Earth Engine Zaie alusiwly Laxllasy (Y- Yo Jl VAA. ()
o) sl 5uad (adg ulis e J) Hualierad) ol cadias ayel celld way . Juloel) Laslaclg
cSend) awgrld 45U bla¥ly daaidl clalxs! delxdy (5l Jle J sudd) jadsis
drsly 3oby @il coysl mslae MATLAB. meliy aluiial asbasyl clllall ool
LS Lasnie Al blal oo zmpas JEn! ae sl Bpiay 24l alalall @ 8o,k
wall Clmag Yoo ale day L Y9 (%04 o0 AST) 28LSTI 3dle dpaid! bolasl J) (%Y0—+)
LS ol gblll cud oo @ cBlasl duakll @gles 3ol (%) .. —V0) 48LS A

Vol 23, ISSUE 4, March 2025

O Journal of University of Anbar for Humanities ‘ viY ISSN 1995-8463/ E. ISSN 2706-6673



G sl GG gl (o A9de hay] puld Ol aglalt LAY (ol (Al

r=-) L8 b Llayl A8de 3929 06 GlasWl Julnill aaSy Logls Loy Tan dumasal
Llm) blsyl @8e copls (Llall § buadl Lassie Lidl olsludly olSud! sue (1:0.85)
Lgaall oof J) @bl sda addy sasdl adle aidl ol>ludly oSull sue onr=0.82) ) Lsd
LS 5ol AW aestll oo JSI Oty nSyme IISUIY soLatd W seilly Audlyeganall
el Yoo ale Jd doY oty onilo ey o ol &ie gai o Ayl ey LS 81l
Al penll 2L § Auegs 8548 il Yoo ale day Aol (LS (adsie A8Y) awgilly
danl J) dwhudl jales oleleizwd] ollalad! Wby @obaidY) HLata) s Jiady
blal delmig Lyl sl ads @ 280 dle gl gl Al zolawdl ilily cagsys
ol @l aSsi9 Aslll gy Ll olSoloull on WMl Gas @b (0 5,895 U
Sobae! @ Asb AalSie wlemslinl J) gl JoslS gaill o gl @ ozl Lozl
bibsdl ollee @ olxal) sia pody duwludl osiy A8UST Boldy La8Y) awstll (1o

Oilgie Glmee Juditun Olesad pluud !l G yazl!

o Sl (GHSL oyl dlpaall 2L lpaall augall o pamall idsliall ol
.Google Earth Engine .y

1. Introduction

Erbil Governorate, located in the Kurdistan Region of Irag, has experienced a
remarkable transformation over the past four decades. Once a modestly sized provincial
capital, Erbil has expanded rapidly into a metropolitan hub, driven by population growth,
economic development, and regional stability (Mustafa et al., 2020; Mansour, 2019). The
city’s built-up area has expanded significantly since the 1980s, extending well beyond its
historic core to incorporate surrounding towns and agricultural lands. This expansion has
been accompanied by profound changes in the urban fabric, including the emergence of
high-density residential and commercial zones, sprawling peri-urban districts, and an
increasingly complex spatial structure. As one of the fastest-growing cities in post-2003 Iraqg,
Erbil offers a compelling case for analysing the spatial and temporal dynamics of urban
growth under conditions of socio-economic transition.

Monitoring such urban expansion is crucial for sustainable land-use planning and
infrastructure management. Traditionally, urban growth has been studied through land-
cover classification approaches that distinguish discrete categories such as “urban,”

“agriculture,” or “water” (Herold et al, 2003;
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Schneider et al., 2010). While these categorical maps provide valuable information on spatial
extent, they are limited in their ability to capture gradual changes in settlement intensity or
the internal heterogeneity of urban areas. Conventional classification methods typically rely
on threshold-based or supervised algorithms that assign each pixel to a single class, often
resulting in misclassification of mixed or transitional land covers (Seto et al, 2012).
Moreover, inconsistencies in sensor data, classification schemes, and preprocessing across
time make it difficult to conduct long-term, cross-temporal analyses with high reliability (Jat
et al., 2008). As a result, much of the previous research on urbanisation has focused on the
expansion of urban boundaries, while neglecting the equally important process of urban
densification within already developed zones.

To overcome these limitations, recent advances in global remote sensing have
produced datasets that represent urban characteristics in a continuous rather than
categorical form. Among these, the Global Human Settlement Layer — Built-up Surface (GHS-
BUILT-S) dataset provides a breakthrough in measuring urbanisation intensity. Developed by
the European Commission’s Joint Research Centre, GHS-BUILT-S quantifies the proportion of
built-up surface per 100 m x 100 m pixel for multiple epochs from 1975 to 2030 (Pesaresi et
al., 2023). Unlike traditional land-cover maps, this continuous dataset captures the degree of
built-up coverage within each pixel, ranging from sparsely developed peri-urban zones to
fully built-up urban cores, allowing researchers to assess not only the spatial expansion of
cities but also their internal densification. The dataset’s harmonised, machine-learning-based
processing of Landsat and Sentinel imagery ensures temporal consistency and comparability
across decades, making it particularly suitable for studying long-term urban transitions
(Pesaresi et al., 2023).

The present study applies this novel dataset to characterise and quantify urban
expansion and densification in Erbil Governorate from 1980 to 2025. By leveraging the
continuous built-up surface estimates from GHS-BUILT-S within the Google Earth Engine
(GEE) environment, we developed a reproducible workflow for extracting, reclassifying, and
statistically analysing built-up intensity across multiple time steps. The analysis focuses on
two complementary dimensions of urbanisation: the horizontal expansion of built-up land

and the vertical intensification of existing urban cores. Unlike previous studies based on
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binary classification, this research employs a continuous measure of built-up proportion,
offering a more nuanced understanding of Erbil’s urban evolution. In doing so, it provides
one of the first high-resolution, temporally consistent assessments of long-term urban
dynamics in the region, linking population growth, spatial expansion, and densification
within a unified analytical framework.

2. Materials and Methods

2.1 Study Area

This study focuses on the Erbil Governorate, located in northern Irag, between
approximately 35°30'—37°10'N and 43°20'—45°10'E. The region encompasses a diverse
topography, ranging from the Zagros Mountains in the northeast to the lowland plains in the
southwest. Erbil is characterised by a semi-arid to Mediterranean climate, with annual
precipitation ranging from 300 to 700 mm and summer temperatures often exceeding 40 °C.
The area has undergone substantial urban expansion over the past five decades, driven by
population growth and economic development. For the spatial analysis, district boundaries
including Erbil, Shaglawa, Soran, Koya, Mergasur, Makhmur, and Choman were delineated
using administrative shape files in ArcGIS Pro. These boundaries served as the study mask for

all image processing and temporal analyses (Fig. 1).
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Figure 1. Location of the study area in northern Iraq, showing the Erbil Governorate
outlined in red. The inset map illustrates district boundaries, including Erbil, Shaglawa,
Soran, Koya, Mergasur, Makhmur, and Choman.

2.2 Data

To quantify urban expansion, we used the Global Human Settlement Layer built-up
surface product (GHS-BUILT-S, release 2023A). This dataset, developed by the European
Commission’s Joint Research Centre, provides globally consistent estimates of built-up
surface area at 100 m spatial resolution for multiple epochs between 1980 and 2030. Unlike
conventional land-cover classifications that assign each pixel to a discrete class (e.g. “urban”,
“agriculture”, “water”), GHS-BUILT-S is a continuous built-up surface layer. For every pixel,
the product reports the estimated built-up area in square meters, which can be expressed as
a proportion (%) of the 100 m grid cell. This enables a more nuanced representation of
settlement intensity, from sparsely built peri-urban areas to highly compact urban cores,
rather than a simple binary built-up/non-built-up label.

The built-up surface estimates are derived from time series of medium-resolution
satellite imagery (primarily Landsat for the historical period and Sentinel-2 for recent years),
combined with ancillary data and machine-learning-based image classification and post-
processing workflows. A harmonised and internally consistent methodology is applied to all
epochs, which makes GHS-BUILT-S particularly suitable for long-term change analysis. In
this study, we accessed the product through the Google Earth Engine (GEE) data catalogue
(JRC/GHSL/P2023A/GHS_BUILT_S), which enabled direct server-side processing, clipping to
the Erbil study area, and export of the built-up surface band for further analysis. We analysed
the built-up surface for the years 1980, 1985, 1990, 1995, 2000, 2005, 2010, 2015, 2020,
and 2025. These eleven steps outline the major phases of urban development in Erbil and its
surrounding areas. The continuous nature of the GHSL built-up metric allowed us not only to
map the spatial extent of urban areas but also to quantify changes in urban intensity and
densification within already developed zones over time.

2.3 Image Processing and Export

All preprocessing and data extraction were implemented in GEE using the
JRC/GHSL/P2023A/GHS_BUILT_S collection. The workflow (Fig. 2) comprised the following
sequential steps:
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1. Study area preparation: The Erbil boundary shapefile was imported as a
FeatureCollection and converted to a geometry object (studyArea).

2. Image loading: For each target year, the built-up surface band (built_surface) was
selected and clipped to the study area.

3. Export: Each clipped image was exported as a GeoTIFF to Google Drive usinga 100 m
pixel size in the EPSG:3857 projection, to remain consistent with the native GHS-
BUILT-S projection and the default projection used in GEE.

4. Visualisation: Built-up density maps for selected years (e.g., 1980 and 2025) were
visualised using a grayscale palette (min = 0, max = 8000) to highlight the progressive

increase in urban coverage.

(3 MAGE PROCESSING AND EXPORT
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Load Built-up Select Built lip Image to Export as
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TEMPORAL AND SPATIAL ANALYSIS
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MATLAB Temporal Trends

Figure 2. Workflow illustrating the data acquisition, reclassification, quantification,

and temporal analysis steps implemented in GEE and MATLAB.

2.4 Reclassification and Quantification

To facilitate interpretation of the continuous GHSL built-up surface layer and to
enable comparison of urban development stages through time, each exported GeoTIFF was
reclassified into discrete built-up intensity classes. First, the original built-up surface values
(m? of built-up area per 100 m pixel) were converted to the proportion of built-up surface
(%) by dividing by the pixel area (10,000 m?) and multiplying by 100. This produced a

continuous variable ranging from 0 (no built-up surface) to 100 (fully built-up pixel). Based
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on this proportional measure, we defined five ordered intensity classes representing a
gradient from very low to very high levels of urbanisation (Table 1). The class boundaries
were chosen in 20% increments to (i) retain sensitivity to differences in settlement density,
while (i) keeping the number of categories small enough for robust temporal and spatial
comparisons. Pixels with <20% built-up proportion were considered very low-intensity or
emerging development, whereas pixels with >80% built-up proportion represented highly
compact, fully urbanised areas.

For each time step, the reclassified raster was converted to frequency statistics, and
pixel counts per class were calculated for the entire Erbil Governorate as well as for each
administrative district. These counts were then converted to area (km?) by multiplying by the
pixel area and summarized in a temporal table. The resulting table provides, for every year
and district, the total area occupied by each built-up intensity class and the relative share (%)
of the study area. This dataset formed the basis for subsequent analyses of (i) changes in the
spatial extent of built-up land, (ii) shifts in the distribution of built-up intensity (e.g. infilling
vs. outward expansion), and (iii) identification of periods of accelerated urban growth.

Table 1. Built-up intensity classes derived from the GHSL built-up surface proportion

for each 100 m pixel.

Class ID Built-up proportion (%) Description
1 0-20 Very low built-up
2 20-40 Low built-up
3 40-60 Moderate built-up
4 60—80 High built-up
5 80—100 Very high built-up

2.5 Temporal and Spatial Analysis

The compiled results were imported into MATLAB R2023a for quantitative analysis.
Temporal trends in urban growth were examined by calculating the annual and decadal rates
of change in built-up proportion across the study area and its administrative districts. Linear
and polynomial regression models were used to assess the growth trajectory, while R? and

RMSE statistics were employed to quantify the model fit.
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To visualise spatiotemporal dynamics, temporal maps and trend graphs (bar and line
plots) were produced. Additionally, spatial autocorrelation (Moran’s 1) and hotspot analysis
were performed to identify clusters of high-intensity urban growth. Interpretation of these
patterns enabled the identification of urban expansion fronts, infilling trends, and peri-urban
sprawl within the Erbil metropolitan region.

2.6 Statistical Analysis

The statistical analysis was designed to link the reclassified built-up intensity data
with both temporal dynamics and spatial patterns of urban growth. First, for each year and
each built-up intensity class, the total built-up area (km?) was calculated at the level of the
entire Erbil Governorate and for individual districts. These time series were then used to
estimate long-term trends by fitting ordinary least squares linear regression models, with
built-up area as the dependent variable and year as the predictor. The regression slope (km?
year ') provided a quantitative measure of the rate and direction of change for each intensity
class, while the coefficient of determination (R?) and associated p-values were used to assess
goodness of fit and statistical significance. To capture changes in the internal structure of the
urban fabric, we quantified densification by tracking the relative change (%) in the area
occupied by high-intensity built-up classes (Classes 4 and 5). This metric reflects the
transition from low- and medium-intensity development to more compact, highly urbanised
zones, and allowed us to distinguish between outward expansion and in situ infilling of
existing urban areas. In a second step, we examined the relationship between urban growth
and demographic change explicitly. Historical population estimates for Erbil Governorate
were obtained from the Mongabay population database

(https://books.mongabay.com/population_estimates/full/Arbil-Irag.html) for the same

observation years used in the GHSL analysis. Pearson’s correlation coefficients (r) were
calculated between total population and built-up area for the lowest (0—25 %) and highest
(75—100 %) intensity classes to assess how population growth relates to the loss of sparsely
built land and the expansion of dense urban cores. In addition, a bivariate time-series plot
with dual y-axes was produced to visualise the co-evolution of population and high-intensity
built-up area over time (Fig. 6). All statistical computations and visualisations were
conducted in MATLAB R2023a, following a reproducible workflow in which Google Earth

Engine exports were transformed into matrix-based
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datasets for regression, densification metrics, correlation analysis, and figure generation.

3. Results

3.1 Spatial and Temporal Dynamics of Built-up Surfaces

The spatiotemporal maps derived from the GHSL built-up surface product reveal a
clear and progressive expansion of urban areas within Erbil Governorate between 1980 and
2025 (Fig. 3). In 1980, built-up surfaces were concentrated around the Erbil city core, with
sparse, low-intensity development spreading radially along major transport corridors.
Subsequent decades show an outward expansion pattern characterised by increasing
connectivity among surrounding settlements. By 2010, several secondary built-up clusters
had emerged, particularly toward Shaqlawa and Koya districts. The 2025 projection indicates
extensive urban coalescence, where formerly peripheral settlements are now part of a
contiguous metropolitan zone. The continuous GHSL metric not only delineates urban
extent but also assesses the intensity of urbanisation. The maps show a transition from
predominantly low built-up proportions (<25%) in the 1980s toward higher intensity classes
(>50%) in more recent decades. This densification trend is particularly visible in the central
and northeastern sectors of Erbil city, where impervious surfaces have expanded significantly

since 2000.
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Figure 3. Spatiotemporal distribution of built-up surfaces in Erbil Governorate from
1980 to 2025, derived from GHSL (100 m resolution). The colour scale represents the
percentage of built-up surface per 100 m x 100 m pixel.

3.2 Temporal Changes Across Built-up Intensity Classes

Built-up change was quantified using both the number of built-up pixels in each
intensity class (pixel counts) and the corresponding built-up area in km?, assuming that each
100 m x 100 m pixel represents 0.01 km?2. In the paragraphs below, we report the results in
terms of built-up area (km?). Quantitative analysis of built-up surface proportions
demonstrates clear temporal change across all intensity classes, with distinct dynamics
among them (Fig. 4). In Erbil Governorate, the very low built-up class (0—25%) shows a slight
but consistent decline, from approximately 23,760 km? in 1980 to about 23,550 km? in
2025, reflecting the gradual conversion of previously undeveloped or sparsely developed
land into higher-intensity built-up categories.

In contrast, the 25—50% and 50—75% classes show a steep and sustained increase
from the mid-1990s onward, with the largest acceleration observed between 2005 and
2015. The 25—50% class grew from less than 60 km?in 1980 to over 220 km? by 2025, while
the 50—75% class expanded fivefold during the same period. The highest intensity class
(75—100%), representing fully urbanised surfaces, increased modestly until 2000 and then

rose sharply, reaching more than 2 km?2in 2025.
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Figure 4. Temporal trends of built-up area by intensity class from 1980—2025. Bars
represent the number of built-up pixels (each 100 m x 100 m), and the orange line indicates
the corresponding total built-up area (km?).

3.3 Relationship Between Population Growth and Built-up Expansion

A strong relationship was observed between population growth and the expansion of
built-up land, particularly for high-intensity classes (Fig. 5 and Fig. 6). The correlation
between population and the very low built-up class (0—25%) was strongly negative (r = —
0.85, R? = 0.72), reflecting the steady decline of undeveloped land as population increased.
Conversely, the very high built-up class (75—100%) exhibited a strong positive correlation
with population (r = 0.82, R? = 0.68), indicating that urban densification closely tracked
demographic growth.

The temporal comparison (Fig. 6) further illustrates this relationship: as Erbil’s
population increased from below 0.5 million in 1980 to over 2 million in 2020, the
corresponding area of high-intensity built-up land expanded from approximately 0.4 km? to
nearly 2 km2. This synchronous increase suggests that population pressure has been a

primary driver of both urban sprawl and densification in the region.
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Figure 5. Relationships between population and built-up area for low (0—25%) and

high (75—100%) intensity classes, showing negative and positive correlations, respectively.
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Figure 6. Temporal comparison of population growth and high-intensity (75—100%)
built-up land from 1980 to 2020 in Erbil Governorate.

4. Discussion and conclusion

The findings of this study reveal a clear and sustained transformation of the urban
landscape in Erbil Governorate between 1980 and 2025. Built-up land expanded
considerably during this period, with a marked transition from low-intensity (0—25%) to
higher-intensity classes (>50%), especially after 2000 (Figs. 3—4). The highest intensity
category (75—100 %) increased more than fivefold, while the very low built-up class
declined substantially. These shifts align with the region’s demographic growth: a strong
negative correlation (r = —0.85) between population and the 0—25 % class, and a positive
correlation (r = 0.82) between population and the 75—100 % class, indicate that population
growth has been a key driver of urban expansion (Figs. 5—6). Collectively, the evidence
points to a two-phase urbanisation trajectory: an early stage of extensive, low-density
growth prior to 2000, followed by a rapid densification phase thereafter.

A major strength of this work lies in its use of the Global Human Settlement Layer

built-up surface dataset (GHS-BUILT-S, R2023A), which differs fundamentally from

0 ARl ¥ aglall LAY (el Aloxe v ISSN 1995-8463/ E. ISSN 2106-6673

Yo 180 (V) Sdatt (YY) dlealt



Journal of University of Anbar for Humanities Quantifying Four Decades of Urban Expansion and ...

conventional land-cover classification products. Instead of assigning each pixel to a binary
“urban” or “non-urban” category, GHS-BUILT-S quantifies the proportion of built-up surface
per 100 m x 100 m grid cell, providing a continuous measure of urban intensity (Pesaresi et
al,, 2023). This enables a more nuanced characterisation of settlement morphology and
allows detection of gradual changes in density that would be invisible in categorical datasets.
The dataset’s temporal consistency, derived from harmonised Landsat and Sentinel imagery
processed through machine learning, makes it particularly suitable for long-term,
comparative urban studies (Pesaresi et al., 2023). Such data richness is crucial for
understanding not only the extent but also the intensity and direction of urban change in
rapidly evolving regions.

The observed relationship between population growth and built-up expansion is
consistent with broader global evidence. Numerous studies demonstrate that demographic
growth remains the dominant driver of urban land expansion, particularly during the early
stages of urban development (Seto et al., 2011; Mahtta et al., 2022). A global analysis by
Mahtta et al. (2022) of over 300 cities found that from 1970 to 2000, population growth
accounted for the majority of urban land expansion, whereas after 2000, the influence of
economic growth became increasingly significant. The patterns observed in Erbil mirror this
trend: pre-2000 expansion was largely driven by population growth, while post-2000
growth reflects the additional influence of rising economic capacity and investment.

The two distinct phases identified in this study align closely with Erbil’s socio-
economic and political trajectory. During the pre-2000 period, the city expanded
horizontally, characterised by the outward sprawl of low-density residential areas around the
historic core. This stage corresponds with a period of significant population growth due to
rural-urban migration and natural increase but limited economic diversification and
infrastructural investment (Abdullah H., 2012). Low- and moderate-intensity built-up classes
dominated the landscape, indicating fragmented and discontinuous settlement patterns
typical of early urbanisation in developing regions (Seto et al., 2011).

Following 2000, a rapid densification phase emerged, coinciding with enhanced
political stability and economic development in the Kurdistan Region of Iraq. After 2003, the
region experienced relative safety compared with other parts of Iraq, attracting both internal
migrants and foreign investment (Mansour, R., 2019). The enactment of new investment
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laws in 2006 stimulated large-scale construction projects, including high-rise residential and
commercial developments in Erbil’s central and peri-urban areas (Mustafa et al., 2020). GDP
growth averaged around 8 % per year in the mid-2000s, driven primarily by oil revenues and
real estate development (Gunter ., 2021). These conditions explain the surge in high-
intensity built-up classes (60—100 %) after 2000, reflecting both horizontal expansion and
vertical consolidation. The strong positive correlation between population and high-intensity
built-up areas supports the interpretation that economic prosperity and regional stability
jointly accelerated densification processes.

This evolution from extensive to intensive urban growth has important implications
for sustainable urban planning. The early, low-density expansion phase typically results in
inefficient land use, increased infrastructure costs, and loss of agricultural land (Angel et al.,
2011). Conversely, the later densification phase can enhance spatial efficiency and reduce
per-capita resource consumption if properly managed but may also lead to congestion and
reduced green space if unplanned (UN-Habitat, 2020). The observed increase in high-density
built-up areas in Erbil, therefore, underscores the need for compact-city planning strategies,
including vertical development, mixed-use zoning, and transport-oriented planning, to
balance growth with livability.

The continuous built-up surface data also highlights subtle transition dynamics that
are often obscured in traditional classification maps. The gradual shift from 0—25% to
higher-intensity classes represents the transformation of peri-urban zones into integrated
urban areas, a process that reflects both socio-economic integration and infrastructure
expansion (Fragkias et al, 2013). This pattern, consistent with global peri-urbanisation
processes, suggests that Erbil's urban footprint is evolving toward a more cohesive
metropolitan structure while still absorbing peripheral agricultural and open lands.

Despite the strengths of this approach, some limitations must be acknowledged. The
100 m resolution of GHSL data constrains the detection of fine-scale or informal
developments, and automated classifications can misclassify mixed land covers or rapidly
changing construction sites (Carioli et al., 2025). Moreover, while population and economic
growth were the main drivers considered here, other factors, such as migration flows, land
policy, and infrastructure planning- likely influenced the spatial patterns of urbanisation.

Future research could incorporate these factors and
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validate GHSL-derived estimates with local cadastral and remote-sensing data at finer
resolutions.

Overall, the results demonstrate that Erbil's urbanisation has followed a trajectory
comparable to that of many cities in emerging economies: an initial population-driven
expansion followed by economically enabled densification. The period after 2000 marked a
decisive shift towards vertical growth, reflecting the combined effects of regional stability,
investment inflows, and improved governance. By employing a continuous built-up surface
dataset, this study provides a high-resolution, temporally consistent account of these
dynamics, offering an analytical framework that can be extended to other rapidly urbanising

regions to inform sustainable urban management and land-use policy.
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Editorial of the issue
Praise be to God, Lord of the Worlds, and may blessings and peace be upon
the Seal of the Prophets, our Master Muhammad, and upon all his family and
companions.

Dear researchers around the globe, it is our pleasure to announce the first issue for the
year 2026 of our scientific journal (Journal of University of Anbar for Humanities)
(JUAH), the peer-reviewed quarterly scientific journal. This issue contains 13
scientific paper that include the journal’s specialties for researchers from the
University of Anbar and other lragi universities. It also contains international
scientific papers. In these scientific research, you would find scientific effort that we
in the editorial board should be proud of. These researches found its way to
publication after being peer-reviewed by qualified professors, each in his field of
specialization.

The generous contribution of researchers, the generous effort of the Editor in Chief
and members of the Editorial Board, and the great support from the presidency of
University Of Anbar and the deanship of College of Education for Humanities
encourage us to take steps to reach the looked-for aim of indexing our journal in the
largest abstract and citation database (Scopus). Therefore, it must be noted that we
are in the process of continuously updating the publishing procedures in order to
improve the journal and bring it to a higher scientific status. Furthermore, our future
aim to contribute effectively to the Arab publishing and scientific research movement
in order to enhance the status of the scientific research and expand its horizons in
Arab countries because we believe that the scientific research is one of the factors in
the progress of the nations and is an indicator of its progress.

Prof. Dr. Fuaad Mohammed Freh
Editor in Chief
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Manuscripts must be submitted electronically via the journal’s website:
https://juah.uoanbar.edu.iq. Submissions must follow these specifications: A4
paper size, double-spaced (including footnotes, references, tables, and
appendices), with wide margins of at least 2.5 cm on all sides.

Authors must provide a cover letter confirming that the manuscript, or any
similar version, has not been previously published or submitted elsewhere
inside or outside Irag, until the review process is completed.

The maximum length of a manuscript is 25 pages.

Manuscripts must be written in correct Arabic or English, typed on a computer
in Simplified Arabic font, size 14, with clear distinction between main and sub-
headings.

Footnotes and references should follow the Chicago or APA documentation
style, in font size 14. References must be listed sequentially as cited in the text
and organized alphabetically in accordance with academic methodology, in
both Arabic and English.

All publication rights belong to the journal.

The views expressed in published papers are solely those of the authors and do
not necessarily reflect the opinion of the journal.

Author Information and Abstracts

Authors are required to provide their details and research information in both
Arabic and English, including: the title of the paper, names and affiliations of
all authors, mobile phone number, email address, and two abstracts (Arabic
and English). Each abstract must be at least 250 words and include keywords,
research objectives, methodology, and the main findings.

Research Tools, Tables, and Figures

If the research involves a questionnaire or other data collection tools, a
complete copy must be provided unless it is already included within the
manuscript or appendices.

Tables and figures should not exceed the width of an A4 page and must be
embedded within the text.

Figures should appear immediately after the paragraph in which they are
referenced, with the caption placed below the figure.

Tables should appear immediately after the paragraph in which they are
referenced, with the caption placed above the table.

Peer Review Process

All submitted manuscripts are subject to preliminary screening by the Editorial
Board to determine their eligibility for peer review. The Board reserves the
right to decline a submission without providing reasons.
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« All research review processes follow the double-blind review system to ensure
the rigor of the research and to avoid conflicts of interest.
« All manuscripts undergo rigorous scientific evaluation to ensure academic
quality. Authors may be required to revise their papers if necessary.
Open Access
o All articles are made available on the journal’s website and the Iraqi Academic
Journals platform under an open access policy.
Publication Fees
« Authors are required to pay publication fees as follows:
o 150,000 IQD (one hundred fifty thousand Iraqi dinars) for manuscripts
written in Arabic.
o 75,000 IQD (seventy-five thousand Iraqi dinars) for manuscripts written
in English.
o For manuscripts exceeding 25 pages, an additional fee of 5,000 IQD
(five thousand Iraqi dinars) will be charged for each extra page.
o Manuscripts submitted by researchers from outside Irag are published
free of charge.
Correspondence
« All correspondence should be addressed to:
Republic of Iraq — University of Anbar — College of Education for
Humanities— Journal of University of Anbar for Humanities (JUAH).

« Website: https://juah.uoanbar.edu.iq
e Phone (Editor-in-Chief): +964 7830485026
e Email: jJuah@uoanbar.edu.iq



https://juah.uoanbar.edu.iq/
mailto:juah@uoanbar.edu.iq

Journal of University of Anbar for
Humanities

Ministry of Higher Education and

Scientific Research

University of Anbar

Index of published Articles

Educational and Psychological Sciences

No. Avrticles Title Authors Pages
Work Stress and Life Satisfaction Among | DPr- Khandan S. Mohammed
1 | Educational Counselors in the Kurdistan Dr. Shadya A. Qader 197
Region of Iraqg the Mediating Role of Dr. Sumaya Sami Hassa
Resilience and Life Orientation Dr. 1zaddin Ahmad Aziz4
Measuring Emotional Divorce among
Preparatory School Teachers in Karbala . )
2 Governorate: A Psychological Study in Dr. Hussein Musa Abed 28-58
Light of the Gender Variable
Semantic Memory and its Relatlonshlp to Dr. Yassin Tarar Ghand
3 Mental Wandering among Academically 59-87
] Dr. Ahmed Alwan Shebrem
Struggling Students
The Suggested UDL-Based Training Model
4 in developing the professional performance Assist. Lect. Ameer Hadi 88-107
of teachers of students with learning Obada
difficulties in mathematics
Dissociative | ity Di CA i
ISSOCI?UVE de_ntlty |s_or_der : Assist. Lect. Mohammad
5 Analytical Review of Clinical and 108-138
. . Nawaf Fayyadh
Diagnostic Features
Geography
No. Articles Title Authors Pages
5 Classification of the workforce in the Hind Waleed Farhan 139-152
countryside of Ramadi District Dr. Khalid Akbar Abdullah
The geographical location of the Emirates Sura Abed Zaal
7 and its role in the conflict in the Middle 153-173
East Dr. Omer Kamel Hasan
Formal and cadastral dimensions and the
Huda Ahmed Sarhan
8 | risks of floods for Wadi Abu Kahf south of 174-190
. Dr. Aws Talag Mashaan
Anbar province
Analysis of the dynamics of land cover
change arl1d its impact on the varla'_uon of Assist. Lect. Kamal Abid
9 Earth's surface temperature using Alallah 191-211
geographic information systems - Babylon
Governorate as a model
Quantifying Four Decades of Urban
10 Expansion and Densification in Erbil Assist. Lect. Mustafa Salih 912-228

Governorate Using the Global Human
Settlement Layer (GHS-BUILT-S)

Ismael




Journal of University of Anbar for

Ministry of Higher Education and

Scientific Research

Humanities University of Anbar
History
No. Articles Title Authors Pages
1 Tunisia's stance on the 1979 Egyptian- Marwa Mohammed Oda 920-242
Israeli Peace Treaty Dr. Ali Najeh Mohammed
1o | University education reform in Tunisia | Assist. Lect. Sondos Ayub 943-281
2011-2018: Opportunities and challenges Taha
No. Articles Title Authors Pages
University Youth Exposure to Facebook Dr. Sabah Awad
13 and Its Role in Raising Awareness of the ' 282-311
Mohammed

Dangers of Cyberterrorism




Journal of University of
Anbar for Humanities

P.ISSN: 1995-8463
E. IS5N: 2106-6673

Vol. 23 ISSUE 1 :
March 2026 1N

©RAuthors, 2026, College of Education for Humanities University of Anhar. This is anopen-access |
article under theCC BY 4.0 license [(hitp://creativecommons.ora/licenses/hy/4.0/)




