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Abstract

Determining the spatio-temporal manners of urban sprawl is considered one of the most influential
challenges in evaluating the present and future directions of the urban expansion issue. Random
growth is considered as a kind of meeting the needs of the human being and expressing the
achievement of its basic requirements when the state is unable to solve. This paper aimed to assess
the sprawl and growth dynamics between 2010 and 2020 in Shahat City, Libya using remote sensing
and GIS techniques. Three Landsat TM, ETM+, OLI images dated 2010, 2015, and 2020 were used
to generate urban maps of the research area. Chi-square test and Urban expansion intensity index
(UEI) were used to assess urban growth patterns in study zone. The results of the study confirmed
that urban growth in the city has increase from 4.2 km2 in 2010 to 22.4 km2 in 2020. The results
displayed that Shahat city has unbalance urban growth and its urban development had high freedom
degree during period from 2010 to 2020.
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of self-solutions that are taken by a citizen in
order to find a solution to the housing and

Introduction

The phenomenon of informal settlements is a
global issue around all the world. However, the
causes and patterns may vary from country to
country where random growth is considered as
a kind of meeting the needs of the human being
and expressing the achievement of its basic
requirements when the state is unable to solve
(Hansen, 2010). Random growth is only a kind
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economic problems he faces. (UN-HABITAT,
2010). Informal settlements take many forms,
varying according to the environments in which
they were raised. Despite the negatives they
suffer from, they have the positives that provide
a great opportunity to deal with these areas,
especially if we consider the human dimension
as the basis (Pennock, 2004) .

Informal settlements are ever changing,
movable and a regular challenge. The residents
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in that settlements doing in ways that are
deleterious to the environment, and a passive
impact on it (UNECE, 2008). The challenge of
informal settlements must be addressed,
resulting in the environment regaining stability
again and reducing the impacts through human
settlements (Msimang, 2017). There are several
definitions of informal settlements. The most
well-known definition is that they are areas
where inhabitants face a lack of one or more of
the following: durable housing, sufficient living
spaces, easy access to clean water, adequate
sanitation, and security of ownership. They also
differ in their size, shape, pattern, and
population (UN-HABITAT, 2003).

The environment impacts of informal
settlements include soil erosion, as well as
water, land, and air pollution (Monteduro,
2015). A studies have shown that informal
settlements are a challenge to the
environment, such as deforestation in order
to have space for settlement development,
lack of both sewage and water supply
systems, in addition to waste disposal
within slums, which led to air, water, and
soil pollution (Pearsall and Christman,
2012). Environmental risks often occur in
informal settlements. We constantly find
that living in these areas threatens the
quality of life as there are no available
alternative options (Chadha Behera et al.
2007).

Geographic Information System (GIS) is now
widely used to study, monitor, and model urban
growth and land use. GIS tools can be used to
find, map, and evaluate physical changes and
patterns of urban growth across landscapes. GIS
can also be used to give a future picture of the
spatial pattern of unplanned development
within an area, in addition to link
interrelationships between the social and
geophysical  characteristics of informal
settlements, and to help in project modeling
(Kombe, 2005). GIS helps authorities, urban
planners, and other stakeholders in their
proactive management by monitoring the
spatial dynamics of informal settlements of the
current and future expansion of informal
settlements (Musa, 2020).

In Libya, the phenomenon of informal
settlements growth outside the urban plans of
cities is one of the challenges facing the urban
plans. It takes in its concept and form a different
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form from the general concept of these areas, as
it has not appeared clearly only in the past years
when its spread increased significantly and very
fast in comparison to some other developing
countries. it is known as the growth that occurs
outside the approved urban plans, while the
growth within the plans was defined as opposite
growth (Ministry of Housing, 2016). Libya is
not an exception to this phenomenon due to the
rapid population and economic growth,
resulting in increased demand for land for both
population and economy. Rapid urban growth
has become a complex environmental issue due
to the multiplicity of its patterns. The different
causes and the impact on the ecosystem
understanding spatial patterns of growth urban
is one of the most important challenges for
researchers, planners, and decision makers in
order to realize and the principle of urban
development sustainable.

The main aim of this paper is to assess the
sprawl and growth dynamics during the period
from 2010 to 2020 in Shahat City, Libya using
remote sensing and GIS techniques.

Materials and methods
Study area

Shahat city is located northeast of Jabal Al-
Akhdar between longitudes 21°51'44"E and
latitudes 32°49'40"N (Figure 1). It is situated 10
km east of Al-Baydah city. Its height is about
600-650 meters above sea level, surrounded by
pine forests, cypresses, and agricultural lands. It
is characterized by archaeological monuments
founded by the Greeks in 631 BC. It is now
ranked second in the urban and demographic
hierarchy, with 75,000 people in 2012. The
climate of the study area, in general, is the
Mediterranean climate, which is warm, rainy in
winter, hot, dry in summer, and the prevailing
winds are from north to northwest in winter,
northeast, and sometimes southern in summer.
In this mountain station, the mean annual
temperature is about 16.5°C. The mean monthly
temperature ranges between 15°C in April to
23.6°C in July (the warmest month in the year)
and decreases to 9°C and 10°C in January and
February respectively throughout 1985- 2019.
Shahat station received the highest rainfall in
northeast Libya during the period at 563 mm yr-
! whereas rainfall ranged between 53 mm in
October to 123 mm in January. Overall, the



Urban Sprawl Assessment and Modelling of the Shahat City, Libya ...

Scientific Journal for Damietta Faculty of Science 12(1) 2022, 50-55

diversity of natural factors in the Al Jabal Al-
Akhdar, such as elevation, landforms, and
location next to the sea and natural vegetation,
have led to differences in temperature and
rainfall across the region (Ageena, 2010;
Bukhechiem, 2006). However, the differences
are minor between the coastal stations and the
mountain stations.
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Figure (1) Location map of study area
Methodology

To achieve the aim of this study, three Landsat
TM image acquired on 2010, ETM+ image
obtained on 2015, OLI image acquired in 2020
were used with spatial resolution of 30 m. The
images were obtained with less than 10% cloud
cover and downloaded from
http://reverb.echo.nasa.gov/reverb. ~ All  the
images were reprojected to UTM zone 32N.

Landsat images were atmospherically corrected
using FLAASH model based on the
MODTRAN radioactive transfer code. The
images were processed using ArcMap 10.2. The
research area was divided into eight geographic
directions to estimate urban sprawl direction.
Maximum likelihood supervised classification
technique was utilized to classify the images
and to extract land-use/ land-cover classes and
the built-up regions. The high-resolution
images supplied by Google Earth™ were used
to enhance the accuracy of the classified
images. Pearson’s chi-square technique and
urban expansion intensity index were utilized to
compute the urban expansions.

Results and Discussion

Table (1) & Figure (2) represent land-use/ land-
cover classes of the study area for 2010 and
2020. Residential class was the predominant
classes in 2010, covering an area of about
60.1% of the total area. This area increased to
about 75.7% by 2020. While agriculture lands
decreased from 8.4% to 0.9% between 2010 and
2020. Additionally, green areas, agriculture
lands, archeology, and barren lands were
diminished during the study period. These
classes were converted to residential and
services classes along the study area. In general,
the built-up zone has crucially increased that led
to deteriorating agricultural resources.

Table (1) The area of the different land covers for 2010 (a) and 2020 (b)

Class name 2010 (a) Percentage 2020 (b) Percentage

(Area in km?) % (Area in km?) %
Green Areas 0.45 10.8 0.23 1.0
Agriculture 0.35 8.4 0.20 0.9
Archeology 0.06 1.4 0.06 0.3
Residential 25 60.1 16.93 75.7
Services 0.35 8.4 2.95 13.2
Barren land 0.45 10.8 1.99 8.9

- \ According to the findings of this research, urban
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Figure (2) Land cover map of the study area between
2010 and 2020
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period from 2010 to 2020. This is due to the fact
that Shahat city is considered the headquarter of
the largest municipalities of Al-Jabal Al-
Akhdar, and is close to services and commercial
activities and others. This rapid increase in the
built-up area, including residential,
commercial,  industrial, and  network
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infrastructure, results from population and what is known as urban sprawl. As it becomes
commercial growth in the city. The long periods clear to us by dividing the area into multiple
of unstable conditions pushed the population to geographical directions, the eastern and
search for cheap and suitable land for northeastern regions were the highest in terms
construction outside the approved city plans, of urban growth, followed by the southeastern
which greatly contributed to the worsening of and southern regions.

the problem of uncontrolled urban growth or

Table (2) Built-up area in Shahat city in different directions and times, Km?

Years N NE E SE S SW W NW Total
2010 0.221 0.226 0.147 0.214 0.120 1.019 1.142 1.072 4.161
2015 0.324 0.365 2.412 1.321 2.958 2.002 2.014 1.874 13.27
2020 0.450 1.254 6.102 4471 3.483 2.662 1.958 1.987 22. 367
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Figure (4) Comparison built up based on the
approach of spatial direction (shahat city)
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As shown in table (3), the largest increase in
urban expansion was in the direction of the east,

Figure (3) Division of the urban area based on the south, southeast and northeast, and the
approach of spatial direction Shahat city expansion almost stopped in the direction of the
) S — west, north and northwest due to the presence of

the archaeological area. In general, the increase
in urban expansion for the period 2015 - 2020
was more significant than in the period 2010 —

2015; this confirms the steady growth of the
J . I phenomenon, its negative impact on
! e e e e agricultural lands, surrounding forests and

negative environmental influences.
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Table (3) the observed growth of the built-up areas in Shahat city in different directions and periods (km?)

Years N NE E SE S SW W NW Total
2010 -2015 0.103 0.139 2.265 1.107 2.838 0.983 0.872 0.802 9.109
2015- 2020 0.126 0.889 3.690 3.150 0.525 0.660 - 0.056 0.113 9.097

0.229 1.028 5.955 4.257 3.353 1.643 0.816 0.915 18.196

Table (4) the theoretically expected growth of urban expansion in Shahat city in different directions and periods
(km?)

N NE E SE S SW W NW Total
2010 -2015 0.115 0.515 2.981 2131 1.678 0.822 0.£+A 0.458 9.108
2015 -2020 0.114 0.514 2977 2.128 1.676 0.821 0.407 0.457 9.094

To comprehend the urban growth deviation, the less growth. The conclusions in table (5)
empirical growth should be compared to the revealed that the empirical urban expansion in
theoretically expected urban growth. The several zones (especially at built-up area
results indicated the statistically estimated fringes) varied from the expectations. Also, the
theoretical anticipated urban area increase for variation is persisting, showing urbanization,
all zones in each time duration (Table 4). The and growing with time. Those higher deviations
deviation of urban growth for each part and demonstrate independence of the urban
each period could be calculated by deducting expansion. Based on these data, it can be
theoretically anticipated growth from observed deduced that in the period 2010 to 2020, there
growth, as displayed in Figure (4). Positive is a definite urban sprawl occurring in most
values approved more growth than zones of the study area.

expectations, while negative values displayed
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Table (5) Subtraction of the observed and expected growth in shahat city in different directions and periods (km2)

N NE E SE S SW W NW
2010 -2015 -0.012 -0.376 -0.716 -1.024 1.160 0.161 0.464 0.344
2015 -2020 0.012 0.376 0.716 1.024 1.160 -0.161 -0.464 -0.344

This study demonstrated that there is a

Freedom degree of urban expansion notable urban sprawl in Shahat City, Libya,
over the past ten years. The built-up area was
The chi-square is used to compute the freedom the predominant class while the agricultural
degree for urban expansion, which reflects the zone decreased. These changes could be
sustainability or the unsustainability of growth. enhanced by a variety of socio-economic,
The high freedom degree is a sign of the urban political, and environmental factors. The
growth processes. agricultural and green lands represented a net
In Shahat city, table (6) revealed that the urban loss of about 17.3% between 2010 and 2010.
growth in the study was unsustainable during While the residential and services zones
the period from 2010 to 2020. The degree of increased by about 20.2 % during the research
freedom of the regions is an alert of unbalanced period. Several factors including socio-
growth within the region in the future. Higher economic, demographic, development policies
degrees of freedom for a period can be thought promoted tremendous conversion of productive
of as higher asymmetry between regions in lands to urban areas in the research area. This
urban growth. However, we cannot conceive a may include a long-term impact on
higher freedom degree as sprawl, but we should environmental deterioration, soil degradation,
regard it as a variance in urban growth. climate change, and economic trouble.
Table (6) degree of freedom of time periods (shahat
city) .
Period Degree of freedom Conclusion
2010 - 2015 1
2015 - 2020 9 Urban expansion change in Shahat City, Libya
was estimated and monitored between 2010 and
Urban expansion intensity index (UEII) 2020 by using remote sensing and GIS tools.
Rapid urban sprawl has resulted in major
The UEIl represents the potential future changes. The study area witnessed a large urban
direction of urban growth. It examines the rate sprawl that led to the disappearance of large
of urban land-use change, as well as the areas of agricultural land in the region, as the
environmental impacts in different periods. The urban area developed from 4.2 km? in 2010 to
following are the sections of the UEII standard: 22.4 km? in 2020. The degree of freedom
Slow development is 0 to 0.28; low-speed indicator indicated that the urban growth in the
development is 0.28 to 0.59; medium-speed study is unbalanced or unsustainable between
development is  0.59-1.05;  high-speed 2010 and 2020. The high increase of UEII gives
development is 1.05-1.92; and extremely high- an alarm to the increasing urban sprawl
speed development is >1.92. phenomenon. This study confirmed the urgent
Table (7) showed that UEII has reached a score need to create sustainable and effective policies
of ten. This implies rapid urban expansion in the to reduce the phenomenon of urban sprawl on
research area, confirming the degree of urban agricultural lands, especially that Libya is
growth freedom and indicating that Shahat characterized by limited agricultural land.
city's urban growth is uneven and Additional research is needed to employ
unsustainable. The significant increase in UEII appropriate  measures in compliance with
gives a warning of the increasing phenomenon research-based planning for future urban
of urban sprawl. growth.

Table (7) urban expansion intensity index shahat city

Period UEII
2010 - 2015 3 Reference

2015 - 2020 7

Ageena, . (2010): Trends and patterns in the climate
of Libya (1945-2010) (Doctoral dissertation,
University of Liverpool).
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