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Introduction.

The concept of urban environmental quality refers to the assessment and exploration of different
elements of the environment in urban areas. It is used as an indicator to describe the overall natural,
urban, environmental, and socio-economic condition of an urban area (Gamba, 2018). Conceptual
models and theoretical approaches identify six different research. They range from human ecology to
quality-of-life studies, urban planning, the social indicator movement, satisfaction research and the
transactional approach between people and their environment. These studies relate to different aspects
and focus on different elements as components of urban environmental quality: interaction between the
physical, social, cultural, economic aspects, health, amenities, and other features of environmental
quality (van Kamp et al., 2003).
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Natural elements are one component of urban environmental quality (Habibi et al., 2020).
Exploring and assessing the natural elements of a city serves several objectives, contributing to a deeper
understanding of the urban environment. The impact of the surrounding environment, urban topography,
hydrography, climate, geology, and pedology on environmental quality is multifaceted, as these factors
collectively influence various aspects of the natural and built environment(Metzler et al., 2023). Urban
natural components have a great impact on urban planning and design (Spirn, 1980) and the land use
pattern, and the planning and development of essential infrastructure. The natural elements allow for an
assessment of the ecological impact of urbanization (Theodorou, 2022).

The topography of an urban area affects water drainage patterns. Slope and elevation are the
two primary topographic factors that contribute to floods(Agonafir et al., 2023). Poorly planned
topography can lead to waterlogging, increased runoff, and erosion, impacting soil quality and
potentially causing flooding. Land surface topography significantly affects the processes of runoff and
erosion (Zevenbergen and Thorne, 1987). The layout of hills, valleys, and buildings can influence air
circulation within urban areas. This, in turn, affects the dispersion of air pollutants(Miao et al., 2015),
which can impact air quality. Hilly or mountainous terrain can make transportation more challenging
affecting mobility and accessibility(Aghabayk et al., 2021).The hydrographic characteristics, including
its topography and drainage patterns, can exacerbate the risk of flooding. The sudden surge of water into
urban rivers can cause them to swell rapidly, subsequently increasing the likelihood of downstream
flood risks (Sohn et al., 2020). Climatic conditions impact urban environmental quality in various ways.
Higher temperatures can lead to increased energy consumption for cooling, exacerbate air pollution, and
contribute to heat-related health issues (Scoccimarro et al., 2023). Changes in precipitation patterns can
lead to flooding (Tabari, 2020) and waterlogging, affecting infrastructure and overall environmental
quality. Extreme weather events can result in widespread damage to urban infrastructure, disrupting
normal life and compromising environmental quality. Climatic conditions can influence air quality and
the prevalence of vector-borne diseases (Rocklov and Dubrow, 2020). Drought conditions can lead to
water scarcity in urban areas, negatively impacting overall environmental quality. Climatic conditions
also present challenges for the resilience of urban infrastructure (Salimi and Al-Ghamdi, 2020),
requiring adaptive measures to maintain environmental quality. Geology and pedology are crucial
factors in urban planning and development, playing significant roles in shaping and influencing the
quality of the urban environment. They influence land use suitability for development (Wiggering, 2014),
foundation design, stormwater management (Alsharhan and Rizk, 2020), transportation planning (Zhu
et al.,, 2022), environmental sustainability, and disaster risk reduction. Understanding the natural
landscape and soil characteristics can guide sustainable development and minimize risks to
infrastructure and residents. Natural elements contribute to the overall aesthetic quality and visual appeal
of a city impacting the well-being of residents.

Urban natural environmental quality is a complex concept that encompasses the relationship
between the urban landscape and its natural elements(Sopina and Séitaroci, 2024). It reflects the health
of ecosystems(MacKinnon et al., 2019) and the impact these elements have on residents' health(van den
Bosch and Ode Sang, 2017) and well-being, serving as a barometer for the vitality and sustainability of
a city. This interplay is critical in assessing the ecological equilibrium, sustainability practices, and
overall livability of an urban space. The urban environment is intricately incorporated into the natural
fabric of the region. The city exists within a broader context of diverse ecosystems and natural features
(Laganier and Roussel, 2000), and every element contributes to the unique character and ecological
equilibrium of the city. Acknowledging and addressing the complex interplay of these factors is crucial
for achieving environmental quality in urban areas. A comprehensive and integrated approach to urban
planning, considering natural elements can contribute to the creation of resilient, sustainable, and
environmentally friendly cities that enhance the overall quality of life for their residents (Datola, 2023).
Exploring Ain Beida's natural urban environmental quality uncovers not only the challenges but also the
opportunities. This exploration serves as a critical lens informing urban planning and development
strategies, fostering a city that thrives economically, sustains resilience, and promotes the well-being of
its residents.
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Problematic.

Ain-Beida, a city with a high population density of 1223,47 inhabitants per square kilometer in
2022, is renowned for its rich socio-cultural history. Nevertheless, it encounters persistent obstacles that
impede the achievement of harmonious socio-economic growth and urbanisation that comply with
sustainable standards. Consequently, it is challenging to establish a comfortable environment within the
city (Bendada, 2022). The urban environment in Ain Beida, Algeria, faces a complex myriad of
challenges arising from the interplay of natural characteristics and artificial obstacles (Urban Master
development Plan, 2006), collectively influencing urban development, and subsequently impacting
urban environmental quality. The lack of a viable plan for sustainable development is posing a
significant risk to the equilibrium of the environment. This is leading to a depletion of biodiversity due
to the conversion of natural areas into man-made ones. This trend has been increasing in the past decade,
primarily at the cost of agricultural land (Mazouz, 2018).

The city's arid climate, distinctive topography, and limited green spaces pose significant hurdles
for air and water quality, drainage patterns, and biodiversity, influencing the overall environmental
quality. The arid climate prevalent in many Algerian regions can lead to challenges in air and water
quality, with limited natural processes to aid in purification. Additionally, the topography of the city
may impact water drainage patterns, affect air dispersion, and create microclimatic variations, further
complicating efforts to maintain a pristine urban environment. The scarcity of green spaces in arid
climate also poses challenges for biodiversity, limiting essential ecosystem services like air purification
and pollution reduction. Simultaneously, artificial obstacles, particularly in the built-up environment,
contribute significantly to the challenges faced by Ain Beida. The quality of urban infrastructure, such
as energy network, industrial and commercial activities, and public transportation, has direct
implications for accessibility, security, air, and noise pollution levels. Inadequate planning and zoning
arrangements, including the distribution of residential, commercial, industrial, and recreational zones,
can concentrate pollution sources, leading to potential environmental quality issues. Socioeconomic
factors further exacerbate the situation. High population density in urban areas may result in increased
pollution and resource pressure. Income disparities can lead to unequal exposure to environmental risks
and unequal access to environmental amenities, affecting the overall well-being of the population.
Furthermore, the level of environmental awareness and education within the population is crucial, as it
influences the adoption of sustainable practices and environmental protection.

In Ain Beida, understanding and addressing the intricate relationships between natural
characteristics and artificial obstacles is crucial for devising sustainable urban planning strategies that
can effectively enhance urban development and environmental quality in Ain Beida. This will be crucial
for fostering a healthier and more resilient urban environment in the long term.

The purpose of this paper is to evaluate the impact of urban natural and technical components
on urban development and the quality of the environment in Ain Beida city (Algeria).

Objectives.

The main objective of the paper is assessing the impact of natural features on the environmental
quality of Ain Beida city using natural parameters. The specific objectives of the paper are:
- to recognise the natural factors leading to such impacts. The goal is to establish a comprehensive
understanding of the natural elements influencing the environmental quality of the city.
- to evaluate the extent of the impact of technical features on the environmental quality of Ain
Beida city, and
- to assess the consequences of natural characteristics on urban development policy and
environmental quality and to propose sustainable measures or strategies for mitigating or managing the
identified impacts.

Methodology.

Developing a systematic approach for analyzing the relationship between natural components,
artificial obstacles, and environmental quality in the city of Ain Beida requires a comprehensive
methodology. This involves collecting and analyzing data through field surveys, interviews, and
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observations, as well as acquiring secondary data from various sources. The use of GIS data is also
helpful in analysing topographical and geographical features. The collected data is integrated and
analysed to identify correlations and patterns. Based on the results, conclusions are drawn regarding the
relationship between natural and technical components and urban environmental quality. Finally,
recommendations for sustainable urban development based on the study's results should be provided.

Study area.

Ain Beida is a medium city and municipality (commune) located in the Oum El Bouaghi
Province (Wilaya). Ain Beida is located on the eastern high plateaus of the salt flats (sebkhas) in Algeria
(Map N°01). It is at the intersection of two important national roads: NR 10, which connects the cities
of Tébessa to the east and Constantine to the west, and NR 80, which links the city of Guelma to the
north and Khenchela to the south. In addition to the railway line connecting Ain M'lila and Tébessa,
which demonstrates its strategic importance due to its location, the latter allows it to be a central point
among a significant group of cities in the eastern Algerian region, including Constantine, Tébessa, Oum
El Bouaghi, Khenchela, and Guelma. Ain Beida is the most populous municipality in the Oum El
Bouaghi province, while being the smallest in terms of area. It is the largest city in the province with a
population of 17153 7inhabitants in 2022 (GCPH, 2022) and covers an area of 1402,05 hectares (140,205
km?). The rapid urban growth in Ain Beida, coupled with insufficient planning and management, has
given rise to various environmental challenges. However, despite these issues, Ain Beida remains a
dynamic city with a significant population, highlighting its urban roots (Bouchemal, 2009) and its
enduring historical and cultural significance in the region.

Berriche
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Location of Ain Beida city in Algeria

source: Administrative division + Processing with ArcGIS Map N01

Analysis of natural environmental components.

Immediate surrounding: environmental potentials and challenges.

The city of Ain Beida is located amidst natural elements, with forests situated to its east and
southeast, and agricultural lands to its north, west, and south (Map N°02). This immediate environment
can significantly influence the urban environmental quality, both positively and negatively.

Forests act as carbon sinks, absorbing carbon dioxide and releasing oxygen through the process
of photosynthesis. This can lead to improved air quality in the city. Additionally, forests provide shade
and help regulate temperatures by reducing the urban heat island effect, thereby enhancing the overall
comfort levels for the residents, especially during hot seasons. Moreover, forests support diverse
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ecosystems, providing habitats for various plant and animal species, which can enhance the overall
environmental health of the area. Furthermore, forests act as natural water filters, improving water
quality by trapping sediments and filtering pollutants, thus positively impacting local water sources.
They also serve as recreational spaces for residents, contributing to their overall well-being.
Additionally, the natural beauty of forests and agricultural landscapes can enhance the aesthetic appeal
of the city.

Agriculture, on the other hand, can contribute to the local economy by providing employment
opportunities and food resources. Moreover, forests may offer opportunities for eco-tourism and
sustainable resource management.

However, the surroundings can also have negative impacts. Agricultural activities may involve
the use of pesticides and fertilizers, which can lead to air pollution if not managed properly. Agricultural
runoff, containing fertilizers and pesticides, can degrade water quality if not properly managed, affecting
both surface and groundwater.

Furthermore, the presence of agricultural land and forests may limit urban sprawl, preserving
green spaces and preventing excessive development. However, these ecosystems constitute natural
obstacles to urban development. Unplanned urbanization and encroachment into natural areas can lead
to habitat destruction, loss of biodiversity, and other environmental issues.

Immediate environment of Ain Beida City
source: Directorate of forests 2020, URBACO 2022+ Authors treatment Map N°02

Varied topography and challenging environment

Ain Beida city is situated in a mostly flat area with an average elevation of 900 meters (Map
N°03). However, in the past two decades, the city has expanded onto the slopes of Mount Oum El Jemal
(1022m), Koudiat Al-Qalaa (1105m), and Mount Bouakouz). The city's location is characterized by the
presence of elevations and hard or rocky hills within the urban fabric, such as Koudiat Al-Hamlawia,
Askari Al-Sharif, and Koudiat Bouakouz. The city's elevation noticeably increases towards the outskirts,
particularly in the eastern and southern directions, consisting of wooded areas. The prevalence and
dominance of flat terrain renders it favorable for development initiatives. However, the forested areas,
in the eastern and southern outskirts, present a substantial challenge to urban development.
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Hydrographic constraints and environmental issue.

Studying the hydrographic network of a city is important for understanding the management of
rainwater, flood prevention, and the preservation of water quality. The hydrological system (Map N° 04)
of Ain Beida is characterized by Oued Al-Hassi to the north and Oued Isefr to the south. The city is
intersected in its northern part by Oued Al-Hassi, which separates the neighborhoods of Beida Sghira
and Essalem to the northeast. It also runs along the northern part of the city, which is planned for future
urbanization. Oued Isefr also cuts through Al-Aurass Al-Kabir neighborhood. These two watercourses
cause environmental issues.
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Slope suitability for balancing urban growth and preserving environmental health.

According to (Shuttle Radar Topography Mission (SRTM)), the majority of urban land gradients
range between 0.1% to 1.7% and 1.8% to 3.6%. These variations represent relatively gentle to moderate
slopes. Urban development on such slopes is generally more convenient compared to steeper terrains.
Construction is typically easier, drainage is more manageable, and accessibility is better. The cost of
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development is generally lower, and there are fewer engineering challenges. However, it's important to
note that this range of slopes may be prone to flooding, emphasizing the need for proper drainage
planning.

Slopes ranging between 3.7% to 6.1% are considered relatively steep and are characterized by
elevations and hills within the urban fabric. These areas may present some challenges, but they are still
manageable for development.

The steepest slopes, ranging from 6.2% to 9.8% and 9.9% to 21%, are in the eastern,
northeastern, and southeastern parts of the city and are primarily associated with forested areas. These
areas, marked in red on the map, may pose more significant challenges for construction and development
due to their steepness. Special considerations and careful planning are essential for these regions to
address issues such as erosion and stability.

In essence, the topography is favorable for urbanization. While gentler slopes provide a
favorable environment for urban development, steeper terrains require more meticulous planning and
engineering expertise to mitigate potential environmental challenges.
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Impacts of topography and hydrography characteristics on the environmental quality.

The topographic and geographical features of Ain Beida have the potential to significantly affect
urban environmental quality. Several implications, both beneficial and detrimental, arise from these
features. This includes the impacts on urban fragmentation and accessibility, flooding risks, terrain
gradient and land use planning, obstacles to development.

The presence of elevations, hills, and rivers within urban areas poses a significant challenge,
leading to the fragmentation of the urban fabric. This topographical variety results in disrupted
neighborhoods, increased distances, and the emergence of numerous pathways to shorten travel
distances. Consequently, the overall connectivity and accessibility within the city are impacted,
potentially hindering efficient transportation and the flow of urban life. The varied topography also
gives rise to microclimates, introducing differences in temperature, humidity, and wind patterns.
This diversity supports the formation of an urban ecosystem that fosters a variety of plant and animal
species, contributing to the overall environmental health of the area. Another concern is the flooding
risk posed by Oued Al-Hassi and Oued Isefr cutting through the city during heavy rainfall leading
to property damage, transportation network disruptions, risks to public safety, and possible
implications soil erosion. While most of Ain Beida's topography is favorable for urbanization,
different slope categories determine the suitability of land for various purposes. However, attention
must be given to areas with steeper slopes, particularly those in the eastern, northeastern, and
southeastern regions, where forested areas are present. The development on slopes may lead to
increased surface runoff, posing risks of downstream flooding and altering the natural flow of water.
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A comprehensive and adaptable approach to urban planning is crucial to ensure sustainable
development across the diverse topography of the city. The wooded regions, which constitute an
obstacle to development, demand environmental consideration and necessitate sustainable practices
to achieve a balance between urban expansion and the preservation of vital ecosystems.

Climate and environmental challenges.

Climate and weather play crucial roles in shaping the urban environment and can have
significant impacts on its quality. The interaction between climate, weather patterns, and urban
development can affect various aspects of the environment, including air quality, water resources,
energy consumption, infrastructure resilience, biodiversity, public health, and overall livability.

Ain Beida belongs to the High Plains with a continental climate primarily semi-arid climate
with a cold and rainy winter and a hot and dry summer. Rainfall varies from year to year, with a
precipitation range between 300 to 500 mm. According to meteoblue climatic data from 1940 to 2020
(“Simulated historical climate & weather data for Ain Beida - meteoblue,” n.d.), the average annual
precipitation reaches 419 mm spread over a period of 81 days. The city also experiences periodic
thunderstorms that can lead to flooding. Temperatures also vary from month to month, with an annual
average reaching 20 degrees. For the months of extreme heat (July-August), the annual average ranges
from 30 to 35 degrees. Maximum winter temperatures reach 10 degrees, while minimum temperatures
drop to 02°. Winters are cold due to the altitude that characterises the region. In summer, maximum
temperatures reach 35°, with minimum temperatures at 25° (Figure N°01). As for snowy periods, the
average snowy days reach 12.1 days per year. Additionally, icy periods can extend to 49 days per year,
significantly impacting agriculture and farming in general. However, it is observed that winds do not
significantly affect the city. The region is characterized by Sirocco winds, reaching up to 38.3 days
per year. The Sirocco is a hot and dry wind originating from the Sahara Desert, blowing across the
Mediterranean Sea into southern Europe.

50 °C 100 mm

10 °C 0 mm
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Precipitation - Mean daily maximum Hot days — Mean daily minimum
Cold nights

Average temperatures and precipitation

Source: (“Simulated historical climate & weather data for Ain Beida - meteoblue,” n.d.)  Figure N°01

The Impact of climate attributes on the quality of the environment.

The semi-arid climate of Ain Beida, characterized by cold and rainy winters, hot and dry
summers, variable rainfall, temperature fluctuations, occasional thunderstorms, and wind patterns, has
significant effects on the quality of the environment in the region.

Water availability and agriculture are two areas that are particularly affected by the climate. The
variable rainfall, which ranges from 300 to 500 mm, poses challenges for water availability, impacting
agriculture and farming. The scarcity of water resources can have detrimental effects on crop yields and
sustainability. Additionally, periodic thunderstorms may lead to flooding, impacting soil quality and
crop growth.
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The wide range of temperatures in the region, from cold winters to hot summers, can also have
implications for the types of flora and fauna that can thrive in the area. The temperature fluctuations and
extreme temperature ranges may limit the range of crops that can be cultivated and affect the overall
biodiversity in the region.

Snowfall and icy periods can have significant consequences for agriculture. Extended periods
of snow and ice can damage crops, disrupt farming activities, and pose challenges to infrastructure and
transportation. Additionally, the Sirocco winds cause a notable rise in temperatures in affected regions
and carry dust and sand particles, resulting in reduced air quality and visibility. The presence of dust
and sand particles poses significant health risks, contributing to respiratory issues and adversely
impacting outdoor activities while compromising environmental cleanliness. Furthermore, prolonged
exposure to the Sirocco wind may have detrimental effects on vegetation.

The climate features, especially extreme temperatures, variable precipitation, and icy periods
can have direct impacts on the jobs of the local population involved in agriculture. Unpredictable
weather patterns may lead to economic uncertainties.

In conclusion, the climate features of Ain Beida have significant implications for the quality of
the environment, affecting water availability, agriculture, biodiversity, and overall livelihoods. Adapting
to these climatic conditions is crucial for sustaining the well-being of the local population and
maintaining a balanced and healthy environment.

Geological diversity and environmental sustainability.

The Ain El Beida region experienced mild tectonic movements towards the east, south, and
northwest at the end of the Cretaceous period. The geological composition of the region is distinguished
based on the type of rocks and their load-bearing capacity. The region's geological structure consists of
the following formations (Urban Master Development Plan, 2006):

- Second Time Formations: These formations belong to the Upper Cretaceous period and can
be found in the highlands adjacent to Ain El Beida. They include the Campanian and Maastrichtian
formations. The Campanian Formation is characterized by brown limestone and marl layers
concentrated at the base, gradually transitioning to a mix of marl and limestone with a thickness of 60
meters. The Maastrichtian Formation is situated in the highlands of Mount Um Al Qamal and is
composed of brown marl and limestone.

- Fourth Time Formations: These ancient formations cover most of the area and are distributed
in the northern and eastern regions. They have a flat morphology with overlays of ashy soils.
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Favorable soil properties for durable built up environment.

There are various types of grounds that can be found in the city (URBA.CO, 2022):

The first type is Favorable Grounds. They are located towards the East and South of the city and
have soils that are highly load-bearing and compact, perfect for any type of construction.

The second type is Moderately Favorable Grounds. These grounds are located towards the West
and North of the city, where future expansions will take place. They are composed of different materials
such as limestone crusts, dune-shaped sand, scree, gravel, and clay, which make them moderately
favorable for construction.

Low seismic hazard for enhanced environmental Safety.

The Ain Beida area does not have any known seismic activity. Though, an analysis of the
seismic activity of the whole region (High Plains-Saharan Atlas) suggests that the area has a moderate
risk for seismic hazard. The seismic zoning of the Algerian territory, developed by the CRAAG
(Algerian Research Center in Astronomy, Astrophysics, and Geophysics), reveals that the Ain Beida
region falls under seismicity zone level 1 low seismic hazard zone (Guizani et al., 2015). Being in a low
seismic hazard zone suggests a lower probability of experiencing strong earthquakes. This designation
implies a safer environment in terms of seismic risk. Even though the seismic activity in Ain Beida is
not as high as in the Northern part of the country where it is constant, it is still essential to comply with
the seismic construction norms and rules and take preventive and crisis management measures for
natural disasters.

Geology, pedology composition and environmental impact.

The geological composition of the Ain Beida region significantly impacts the urban
environmental quality, particularly in terms of construction and land use. Considering some key points
when evaluating the region's geological features is imperative.

The stability of buildings and infrastructure is determined by the type of geological
formations(Ghorbani et al., 2012), especially the Second Time Formations such as the Campanian and
Maastrichtian, with their brown limestone (Hay et al., 2021), marl layers, and ashy soils.

Highly load-bearing and compact soils in the East and South are ideal for construction since
they provide a stable foundation for buildings, contributing to the overall safety and longevity of
structures in these areas.

However, in the West and North, the region has Moderately Favorable Grounds with a diverse
composition of limestone crusts, sand(Westgate et al., 2023), scree, gravel, and clay(Alnmr and Ray,
2023), which may pose challenges for construction. Different materials may have varying load-bearing
capacities, requiring careful engineering considerations to ensure the stability of buildings.

The distribution of geological formations across the region influences land use planning and
urban development. Areas with more stable grounds may be preferred for residential, commercial, and
industrial developments, while areas with less favorable grounds may require more thoughtful planning
to address potential construction challenges.

In conclusion, the Ain Beida region's geological composition is a critical factor that significantly
influences the urban environmental quality, construction practices, and overall sustainability of the city.
The presence of stable formations, such as the Second Time Formations with brown limestone, marl
layers, and ashy soils in the East and South, provides a solid foundation for construction, ensuring the
safety and longevity of structures.

Exploring the interplay of natural parameters and their influence on land availability for
urban development.

Geotechnical considerations play a crucial role in ensuring the stability and sustainability of
structures in an urban environment. Based on the topography of the urban site, terrain inclination,
hydrography, geological composition, pedology, agricultural productivity, and geomorphological
characteristics of the land, we were able to identify areas suitable for urban development. The identified
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areas have been classified into three categories: urbanized areas, buildable areas, and future development
sectors (Urban Master Development Plan,2006). (Figure N° 02).

Urbanized Areas: The old urban center and some new developments have been identified as
suitable for urbanization. The circular layout of the urban center and its accessibility through existing
roads make it an ideal location for further development. However, it is crucial to consider the
geotechnical factors in these areas to ensure the stability and sustainability of structures.

Buildable Areas: The buildable areas are strategically located along existing roads, such as
National Road 80 leading to Khenchela, National Road 10 leading to Tébessa, and the road leading to
Guelma. These areas offer expansion possibilities along the main axes.

Future Development Sectors: The northern part of the urban center includes future
development sectors. These areas, totaling 213.02 hectares, present opportunities for planned and
sustainable urban growth.

In summary, geotechnical analysis is essential for identifying suitable areas for urban
development. It also provides critical information to design structures that can withstand the geological
and topographical challenges of the region. Therefore, it is imperative for urban planners, engineers, and
developers to integrate geotechnical considerations into their plans to ensure the long-term stability and
sustainability of the proposed urban developments.
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Source: Urban Master Plan of Ain Beida city,2006 + Authors treatment Figure N°02

Vegetation: Overcoming Challenges for a Healthy Environment.

Vegetation plays a multifaceted role in maintaining and enhancing environmental quality. It
contributes to air and water purification, climate regulation, biodiversity conservation, and overall
human well-being.

Green spaces in Ain Beida, such as forests and gardens, are often associated with public spaces.
However, a large percentage of the city's green spaces can be found in private areas such as gardens and
squares. Apart from the 1st of November garden, the municipality has created other green spaces which
are not well-maintained. Another green space is the "Black Tiger" garden located in the Murienne sector.
This privately-owned garden contains a wide variety of plant species and serves as both a nursery and a
showcase for the exhibition and sale of plant species and seeds. The El Amir Khaled Garden features
different types of trees such as olive trees, willows, and cypresses. However, it faces maintenance issues
due to municipal negligence. It is crucial for the authorities to take appropriate measures to ensure that
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green spaces, both public and private, are well-designed and maintained, as they play a vital role in the
overall well-being of urban residents.

The bulk of Ain Beida's wooded area is in the immediate vicinity of the city in the form of
several urban and peri-urban Aleppo pine forests. Within the city, the forest network is quite limited
(Table N°01) (Image N°01). These natural ecosystems are a home to a diverse array of plant life and
wildlife, including hares, jackals, foxes, and wild boars. Despite this fact, the rate of reforestation has
remained consistently low. The underlying causes for this inadequacy are multifaceted, ranging from a
lack of volunteer campaigns to insufficient budget allocations. Additionally, bioclimatic conditions
exacerbate the degradation of these sensitive areas. The lack of a comprehensive management and
protection policy has contributed to various human activities that degrade the forests and accelerate
deforestation, including tree cutting and improper disposal of solid waste.

The city of Ain Beida is a densely urbanised area, which leaves little space for vegetation. This
shortage of greenery has resulted in numerous issues, including an increase in runoff volumes, leading
directly to flood risks, low water infiltration, and a rise in the dispersion and concentration of pollutant
particles. These areas are typically composed of impermeable surfaces with low albedos and dark colors.
The ratio of reflected light to incident light is low, meaning that these surfaces retain energy during the
day and release it as heat at night, leading to an increase in surface and air temperatures. This
phenomenon, commonly referred to as "heat islands," results in elevated temperatures at night, which
slows down the city's cooling process. As a result, significant temperature differences arise between the
city center and its outskirts, inconveniencing all inhabitants and other organisms.

Ain Beida is facing challenges in managing its urban vegetation and forested areas. The city's
forested areas are under threat due to low reforestation rates and human activities. Conflicts between
urban development and green spaces, illegal occupations, and insufficient conservation measures
contribute to this problem. Urgent attention is needed to ensure the long-term sustainability of Ain
Beida's natural resources.

Table 1. Urban and peri-urban forests.

Vegetation Designation Area (ha)
1-Oum El Gemel Peri-urban Forest 150
2-Reb Chentli Peri-urban Forest 106
3-Bouakouz Peri-urban Forest 160
4-Zaarir Smalil Peri-urban Forest 509
5-Koudiet Zaarir Peri-urban Forest 176
6-Hamlaouia Urban Forest 25
7-Faliti Urban Forest 4.5
7-Bosquet Peri-Urban Forest 4,9

Source: Directorate of Forests+ Authors treatment.
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Urban and Peri-Urban Forests of Ain Beida city

Source: Google Earth + Authors treatment Tmage N°01

Technical obstacles to urban expansion.

In addition to natural barriers, Ain Beida faces technical obstacles to urban development, such
as the Industrial Zone in the northwest. A railway line that passes through the western side of the city
and crosses the craft activities zone affiliated with Fekirina, Ain Oum El Jemal, creates another obstacle
to urban expansion. The natural gas pipeline penetrating Al-Aurass Al-Kabir and Aurés 01
neighborhoods poses a danger to residents due to non-compliance with the pipeline easement. Similarly,
high voltage power lines located in the western and southern parts of the city, meeting at the power
generation station, create health and security problems when their easement is not respected. The
cemetery located north of the city, and the military clothing factory situated north of the city, are other
artificial obstacles. Land ownership is also a significant concern, with significant areas belonging to
private owners. Although a portion of privately-owned land has been integrated into municipal
ownership, a significant portion remains challenging for expansion.
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Natural and technical risks and environmental issues.
The impediments to urban development in Ain Beida, whether natural or man-made, can have
profound risks and environmental issues and far-reaching impacts on the area's environmental quality.

Natural risks and environmental issues.

The urban area is crossed by Oued El Hassi and Oued Isefr, and due to the absence of adequate
flood barriers and levees, which protect riverbanks from overflowing, these two watercourses often
cause floods. These floods pose a significant threat to the security of nearby neighborhoods during the
period of flooding. The topography of the city, particularly the elevated land located in the northeast,
east, and southeast, amplifies the impact of heavy rainfall on the local drainage system, resulting in
flooding. The runoff from the elevated areas exacerbates the situation, which can cause significant
damage to the surrounding communities. These two watercourses have become a source of
environmental contamination due to the discharge of both solid and liquid wastes (Photo N° 01-N°02).
The slopes of the elevations in the outskirts, particularly Koudiat Bouakouz in the northeast of the city,
are irregularly occupied by precarious and spontaneous housing (Photo N°03). This has led to
environmental concerns. The limited opportunities for urban expansion have led to increased population
density and intensified land use. This concentration can exacerbate environmental stressors and impact
the quality of life for residents.

Forest fires are a common risk in arid climates. These areas are particularly vulnerable to
wildfires because of a lack of resources and infrastructure to control and manage them. Some of the
challenges faced include poor reforestation programs, insufficient firefighting equipment and human
resources, damaged forest pathways that make access difficult, lack of lookout posts and forest houses,
and an inadequate number of fire brigades. All these factors make it challenging to prevent and manage
wildfires in forested areas.

Photo N° 01: Draining used water into the valley stream. Photo N? 02: Accumulation of solid urban waste in the

valley stream
Source: Authors, February 2024.

Source: Authors, February 2024.
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Photo N° 03: The spread of spontaneous housing
Source: Authors, February 2024.

Technological risks and environmental concerns.

The Industrial Zone and the railway line, both of which can contribute to air and noise pollution,
thereby affecting the air quality and overall environmental health of the area. Industrial activities often
release pollutants into the air and water, while railway operations can produce noise and vibrations that
impact the surrounding environment.

The presence of a cemetery and a military clothing factory can also contribute to localized
environmental issues. The factory may release pollutants associated with manufacturing processes,
while the cemetery may pose challenges in terms of land use planning and potential impacts on
groundwater quality. Furthermore, the issue of land ownership and the inability to acquire private lands
for development can lead to inefficient land use and unplanned urban development.

The presence of natural gas pipelines in the Grand Aures neighborhood and Aures 01, has raised
concerns over the non-compliance with the pipeline clearzone or the servitude corridor, potentially
posing a significant risk to the residents. The pipeline may be prone to accidents or leaks, which can
lead to environmental contamination.

High-voltage power lines are widely distributed in the western and southern parts of the city
(Photo N°04), ultimately converging at the power generation station. However, the lack of compliance
with the clearzone has resulted in serious safety and health concerns for the residents. The proposed new
power station project affiliated with Fkirina in the southern part of the city has only added to these
concerns. Power lines may have electromagnetic field effects that can impact human health and the
surrounding ecosystem.
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Photo N° 04: High-voltage power lines are widely
distributed in the western and southern parts of the city.

Source: Authors, February 2024.

The railway line near the western edge of the city lacks proper infrastructure and security
measures, posing significant risks to nearby residents (Photo N°05). The absence of adequate fencing
increases the likelihood of unauthorized entry, which could result in accidents or other perilous

activities. It's crucial to implement appropriate security measures and ensure proper infrastructure to
minimize risks.

i

Photo N° 05: Crossing the railway line on the western side
of the city.

Source: Authors, February 2024.

The presence of a gasoline station situated within an urban area (N° 06) raises concerns about
the potential risks of fire and gas explosions. These hazards can pose a serious security threat to the
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surrounding neighborhoods, particularly in the absence of a green buffer zone. The absence of such a
buffer zone can further amplify the risk of these hazards.

OPRRPOF9

2024/02/25 13:03

Photo N° 06: The presence of a gasoline
station situated within an urban area.

Source: Authors, February 2024.

The weekly open-air livestock market near Al-Aurass Al-Kabir neighborhood has several
environmental impacts. The movement of people and livestock causes air pollution by creating dust and
particulate matter. Additionally, the bustling activity within the market generates noise pollution that
can disturb the peace of the nearby residential zone. Furthermore, the market produces significant waste
that could harm the environment. The increased vehicular traffic associated with the market also leads
to congestion and worsens air pollution, affecting the environment and the quality of life for residents
in the area.

The water conveyed to municipalities through pumping pipelines within the intermunicipal
group plays a critical role in providing a stable water supply. However, this infrastructure is not without
its risks. One significant concern is the potential for contamination of public health as it can occur when
contaminants enter the water supply through breaches in the pipeline or external sources. Maintaining
the integrity of underground pipelines is of great importance, as the lack of proper maintenance can lead
to infrastructure deterioration and increase the risk of failures. Changes in water quality standards or
regulations may require pipeline system upgrades or modifications, which can pose challenges for
compliance and potentially affect the continuity of water supply. It is crucial to regularly monitor and
detect any potential issues to ensure public safety and an uninterrupted water supply.

Consequences of natural and technical constraints on urban development policy and
environmental quality.

Natural and technical characteristics have influenced the direction and shape of urban growth,
impacting urbanisation and land use patterns. The natural and technical obstacles hinder the
implementation of infrastructure projects and limit accessibility, affecting the overall development and
functionality of the city. The obstacles to urban expansion in Ain Beida are considerable, and the
potential for future development is limited. Urban expansion can only occur towards the southwest
within the administrative boundaries of the Fkirina municipality. It is important that any development
proposals are collaborative between the two municipalities to serve both areas within the framework of
an inter-municipal development and urban planning master plan (Map N°08).
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However, there may be some obstacles to consider, such as the presence of high voltage lines
and a power generation station.

ey
" Legend

== Municipality boundary

5% BSS] UMP boundary

< 4
Inter-Municipal Urban Master Plan of Ain Beida and Fkirina

Source: Urban Master Plan of Ain Beida 2006- URBACO 2022 + Authors treatement Map N°08

The dilemma: the tension between the need to preserve green spaces, particularly agricultural
land and forests, and the necessity for urban development and expansion. Preserving green spaces aligns
with sustainable development goals, promoting a healthier and more balanced ecosystem. However,
Limited land availability has resulted in challenges related to housing affordability, as the cost of land
is a significant component in the overall cost of housing contributing to social and economic disparities
within urban areas. Limited land availability poses challenges for developing and expanding essential
infrastructure, including transportation networks, utilities, and public facilities. It has resulted in
inadequate infrastructure to support the needs of a growing population. The land scarcity has resulted in
increased population density, estimated at 2,045 inhabitants(Benghadbane and Fatima Zohra, 2017,
2017, 2017) per square kilometer, which is significantly higher than other cities in the province. Higher
population density can lead to congestion, crowded living conditions, and pressure on existing
infrastructure and public services.

The shift in urban policy from the 1990s to the present, driven by limited land availability, has
led to a range of approaches aimed at addressing the challenges of urbanization. In terms of urban
expansion, the city managers have opted for urban densification which refers to the process of increasing
the population or building density in an already developed urban area or repurposing underutilised land
for new urban developments. This can involve the construction of taller buildings, the addition of more
public facilities and housing units, or the intensification of land use to accommodate a growing
population within the existing urban fabric. The goal of urban densification is often to make more
efficient use of limited urban space and reduce urban sprawl.

While urban densification can offer several benefits, it also comes with certain disadvantages,
particularly concerning environmental quality. Densification combined with the lack of green
infrastructure led to increased traffic congestion and vehicle emission resulting in poor air quality.
Denser urban environments generate higher noise levels due to increased human activity, traffic, and
the proximity of buildings. Noise pollution has adverse effects on health, well-being, and overall
environmental quality.

The scarcity of available land for urban development poses a significant challenge to the
formulation of cohesive urban planning strategies. The allocation of urban programs becomes contingent
upon the limited land resources, leading to a lack of coherence in the overall planning framework.
Currently, housing, social facilities and essential infrastructure are situated wherever land is available,
creating a disjointed urban landscape and environmental issues. The situation involves the challenges
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posed by the disparate locations of the bus station, university center, and student residences. The bus
station is located on the eastern outskirts of the city, while the university center is situated on the northern
outskirts, far away from the student residences in the southwest side of the city. This creates a variety
of challenges related to urban traffic and transportation distances. As a result, both residents and visitors
must travel further distances, which can be inconvenient and pose issues with accessibility. To address
these challenges, a comprehensive approach and a long-term vision are needed to enhance urban
mobility, accessibility, and convenience for passengers. The relocation of the ancient prison of Ain
Beida from the city center to the extension zone in the south. The new location is within the communal
zone of expansion between the municipalities of Fkirina and Ain Beida, as outlined in the intercommunal
master development plan. However, the concern is that the new prison may pose an obstacle to urban
development. The presence of a prison in an area may influence the zoning and land use planning of the
surrounding area. It might affect property values, residential development, and the overall character of
the neighborhood. The presence of a prison can affect the perception of safety and desirability in a
neighborhood. This might impact real estate values and the willingness of businesses and residents to
invest in the area.

To enhance land use efficiency, there has been a transition in housing provision from individual
residences to collective housing. This shift aims to optimise spatial utilisation by promoting more
compact and resource-efficient living arrangements. Collective housing models facilitate a more viable
use of available land while fostering a sense of community, social cohesion, and shared amenities. They
also have a reduced ecological impact. This evolution in housing provision not only maximises the use
of limited space but also aligns with sustainable urban planning principles, promoting denser living
environments. However, it is important to recognise that this change in housing may not align with local
tradition, cultural values, and preferences, which often lean towards individual residences.

Recent urban development programs tend to prioritize compact urban design and mixed-use
development, with a focus on housing, social facilities, and proximity services. However, these
programs often overlook the importance of green infrastructure, leisure, and transport facilities. This
neglect can have negative consequences on the physical and mental well-being of residents, social
interactions, the quality of life, and the overall sustainability of the community.

Conclusion.

The city of Ain Beida faces a complex interplay of natural and technical characteristics that
influence its urban development, environmental quality, and overall sustainability. The immediate
surrounding, topography, hydrography, climate, geological composition, and pedology all play pivotal
roles in shaping the urban environment. The city's location amidst forests and agricultural lands brings
both environmental benefits and challenges. The topography, hydrography, and geological composition
present opportunities and obstacles for urban development, while the climate features pose challenges
for water availability, agriculture, and overall environmental resilience.

The identified areas for urban development, including urbanised areas, buildable areas, and
future development sectors, highlight the importance of geotechnical considerations in ensuring stability
and sustainability. However, artificial obstacles, such as industrial zones, railways, gas pipelines, and
power lines, present challenges to urban expansion and can impact safety, air, and noise pollution, as
well as overall environmental health.

The consequences of natural characteristics on urban development policies reveal a dilemma
between the need to preserve green spaces and the necessity for urban expansion. Limited land
availability has led to increased population density, inadequate infrastructure, and challenges in housing
affordability. The shift in urban policy towards densification aims to optimize land use but comes with
environmental trade-offs to balance the priorities or preferences of the decision-maker. The limited
availability of land often compels authorities to initiate urban projects wherever land is accessible,
without an overall strategy. This has led to severe environmental implications. Therefore, it is crucial to
prioritize careful urban planning and adopt a holistic approach to ensure eco-friendly urban development
and sustainable environment.

Recommendations.
In the pursuit of a comprehensive and sustainable urban future, Ain Beida should embark on a
transformative process driven by integrated planning initiatives. Collaboration with neighboring
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municipalities is crucial to developing a unified inter-municipal development and urban planning master
plan, ensuring coordinated growth. The city's focus on infrastructure improvement must prioritise
mitigating flood risks in the hydrographic network through strategic investments in flood barriers, levees,
and stormwater management systems. Environmental mitigation strategies should include strict
adherence to safety regulations in industrial zones, railways, and power lines, complemented by
pollution control measures and thoughtful land use planning. To address climate challenges, Ain Beida
should commit to developing resilient agricultural strategies, incorporating drought-resistant crops and
enhanced irrigation systems. Emphasising the importance of green infrastructure is crucial, with urban
development plans prioritising green spaces, recreational areas, and biodiversity preservation to enhance
environmental quality and resident well-being. Public participation stands as a cornerstone, ensuring
alignment with cultural values and fostering a sense of community ownership in the urban planning
process. To overcome land scarcity, collaborative efforts, grants, and incentives should be explored for
land acquisition to facilitate essential infrastructure development. Comprehensive risk management
plans, covering natural and technological risks, should be envisioned, emphasizing infrastructure
maintenance, safety protocols, and emergency response measures. Ain Beida's goal should be to create
a balance between urban development and green space preservation, creating a resilient and sustainable
urban environment that considers natural resources and ecosystems, technological advancements, and
evolving population needs. This comprehensive, long-term vision will guide urban development policies,
steering Ain Beida towards a harmonious and sustainable future for its residents.
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