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Abstract

The quality of human settlements varies depending on the regions, and they
differ in their spatial characteristics in terms of their area, development potential,
and natural resources, as well as the number of people living in them, as these
characteristics differ from one place to another, from one region to another, and
between urban and rural areas. There is a big difference between the level of
capabilities, job opportunities, social services and infrastructure that qualifies it to
create a stable and suitable place for living. It seeks to achieve spatial equality
among its residents and provide job opportunities for them on the basis of the
development resources and capabilities available in that region without depleting
its capabilities and resources and in a way that achieves sustainability across
generations through... Raise the economic and social level of its population.

The establishment of administrative units must be in the light of measuring
the spatial characteristics and indicators that fall on the planning tasks with the aim
of reducing the gaps between the district and the district and studying the available
resources that make a newly established administrative unit that raises the desired
economic and social levels and meets the needs of the population within the spatial
space, making it an administrative unit. Independent and capable of managing its
tasks and resources optimally in proportion to the location and size of the
population.

Keywords: Region, Spatial Development, Spatial Dimension, the stables, regional

planning.
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Accuracy Evaluation of Land Cover Classification Maps Using Remote
Sensing and GIS. The Sea of Najaf-lraq as a Case Study
Igbal Obaid Lafta Prof. Dr. Hussein Sabah Jaber

agbala699@gmail.com hussein.alhassani@coeng.uobaghdad.edu.iq

Surveying Engineering Department,College of Engineering, University of Baghdad, Iraq

Abstract

Water scarcity is a growing concern, particularly in arid and semi-arid regions.
Sea of Najaf in Irag is one such region facing water scarcity, with the lake serving as a
crucial water source for the local population. Remote sensing systems "RS" and
geographic information systems "GIS" are important techniques for monitoring
environmental and land cover changes. This paper focuses on Sentinel-2B imagery for
surface water mapping in the Sea of Najaf and evaluating the performance of
maximum likelihood (MLC) classification method. The study area encompasses Sea of
Najaf and its immediate surroundings. Two images for Sentinel-2B one image on
December,29, 2015 and December,29,2022, were used for training and validating the
classification models. The MLC method was evaluated for surface water classification,
with accuracy assessment results presented. The MLC method showed high accuracy
in terms of overall accuracy and agreement with reference data over multiple years.
Additionally, fluctuations in the surface area of Sea of Najaf, as observed from the
classification maps, were analyzed. In 2015, the surface area was 74.36 square
kilometers, which increased to 120.30 square kilometers in 2022. The fin, dings
highlight the efficacy of the MLC method for surface water classification, indicating
its superiority in accurately mapping and monitoring surface water in the Sea of Najaf.
Keywords: Surface water, Sea of Najaf, RS, GIS, Sentinel-2B, MLC.
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Introduction

Water is a scarce yet necessary resource for keeping life alive. Concern
over water supply has increased recently, especially in arid and semi-arid areas.
Iraq's Sea of Najaf serves as an example of a place with little water availability.
As a vital water source for local populations, this lake is susceptible to climate
change and other stressors. Accurate surface water mapping is imperative for
effective water resource management. While a potent tool for detecting surface
water, remote sensing can struggle to differentiate between water bodies like
lakes, rivers, and wetlands. The wider spectral range of Sentinel-2B provides
more information about surface water, which can be helpful for distinguishing
between different types of water bodies (Ali &Jaber,2020). The higher spatial
resolution of Sentinel-2B allows for more detailed mapping of surface water
features. However, the lower spatial resolution can be advantageous for some
applications, such as mapping large areas. The higher temporal resolution of
Sentinel-2B allows for more frequent monitoring of surface water changes.
This can be helpful for tracking seasonal changes in water levels or detecting
water pollution events., which can be helpful for historical studies of surface
water change. However, Sentinel-2B is a more recent satellite, so its image
archive is still growing. Image classification is the process of categorizing and
labeling the pixels in a digital image based on their spectral and spatial
characteristics (Faraj&Mahmood,2018, Aziz&Alwan,2021). The accuracy and
application of image classification approaches have been improved throughout
time by the development of new algorithms and methodologies
(Phiri&Ranagalage,2020). Several types of classification methods can be used,

including supervised and unsupervised methods, pixel-based, object-based,
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patch-based methods, and integrated methods. The most common
classification algorithms are Maximum Likelihood (Ahmad&Quegan,2012)
Random Forest (Belgiu&Dragut,2016), Decision Tree (Xu &Arora,2005), and
Artificial Neural Networks (Mas & Flores,2008). The maximum likelihood
algorithm is a widely used method for classifying images and is considered a
boundary classification algorithm where it considers that each category is
distributed normally with all ranges. Different techniques, such as maximum
likelihood, support vector machines, decision trees, and random forests, can be
used for supervised classification. The categorization of each pixel in an images
using its spectral characteristics is known as "pixel-based classification™
(Sekertekin & Akcin,2017). In pixel-based classification, the algorithm
compares the spectral signature of each pixel to a set of pre-defined spectral
classes or a statistical model, such as a Gaussian distribution. Classification
models also useful for analyzing changes in satellite images and identifying
patterns of changes over time (Fahad &Dibs,2020, Yousef& Jaber,2023 Dibs
&Al-Ansari,2023). Sentinel-2 satellite imagery was used to assess the rise in
water levels in the Sea of Najaf region in many studies (Maarez &
Shareef,2023, Al-Helaly &Al-Hameedawi,2021) that used remote sensing
techniques to evaluate and monitor surface water. Their research identified
several land use classifications and discovered that crucial infrastructure, such
as oil transmission components and pilgrimage roads, was vulnerable to floods.
The authors advise government organizations to act right away to reduce future
flood risks. Hung & Wu,2018) examined the developments in surface water
detection and monitoring using satellite-based optical remote sensing. They
called attention to difficulties such problems with spatiotemporal scale,
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integration with in-situ data, and the requirement for global-scale
mapping, (Wasniewski&Chmielewska,2022) Indonesia.

(Tang & Wang,2022) used the Google Earth Engine to construct a region-adaptive
random forest method for large-scale surface water mapping, and their findings
were very precise and accurate. (Sogno & Kuenzer,2022) gave a thorough
assessment of 233 scientific papers on monitoring inland surface water dynamics,
outlining the sensors utilized, the geographical and temporal resolutions, the topic
focuses, and the regional distribution of the investigations. used multi-temporal
multispectral Sentinel-2B imagery with image recognition and fusion algorithms
to identify changes in surface water. To separate water pixels and spot changes,
their study used a variety of classification approaches, including Maximum
Likelihood, Support Vector Machine, Artificial Neural Network, and Random
Forest. Collectively, these research projects advance our knowledge of and ability
to use remote sensing methods for surface water analysis and monitoring.
However, more investigation is required to solve issues including overcoming
cloud and vegetation obscuration, integrating hydrological and elevation data, and
attaining accurate global mapping. The investigation into the analysis of Sentinel-
2B for the purpose of surface water mapping holds considerable academic merit,
as it has the potential to enhance the precision and effectiveness of such mapping
endeavours. This, in turn, can yield substantial benefits for the management of
water resources. The outcomes of this research will carry significant implications
for water management practices specifically in the region of Sea of Najaf. By
identifying the most optimal algorithm for surface water mapping within the lake,
the findings will offer valuable insights into the variables that influence the

performance of MLC technique in this context.
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Study Area

Sea of Najaf and its surrounding areas, which together cover a total area of
2,000.2 square kilometers, make up the study site Figure 1. The principal channel,
floodplains, and adjacent land regions that are directly impacted by the river's
hydrological processes make up the research area, which is defined by the river's
course. The Sea of Najaf is a well-known canal in southern Iraq that is extremely
Important to the area's ecology, socioeconomics, and culture (Al-Hamdani &Al-
Shimmary,2020).The study area exhibits a wide range of characteristics,
encompassing variations in topography, land cover types, and land use patterns.
The course of the river may traverse through urbanized regions, agricultural fields,
forests, and natural reserves. These distinct land cover types pose challenges when
utilizing remote sensing data to monitor and estimate the surface area of Sea of
Najaf. Furthermore, the study area is subject to both natural and anthropogenic
factors that can impact the dynamics of the Lake. Natural elements, such as
seasonal fluctuations, precipitation patterns, and geological processes, interact
with human activities, including irrigation, dam construction, urbanisation, and
deforestation. Comprehending and quantifying these influences on the lake's
surface area are essential for effective water resource management and

environmental conservation endeavours (Yousef & Jaber,2023).

FIG
URE 1. A geographical representation of Sea of Najaf (Yousef, 2023).
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DATA UTILISED AND METHODOLOGY
Datasets

The utilization of Sentinel-2 data for mapping and estimating the surface area of
Sea of Najaf offers numerous advantages and is well-suited for this study.
Sentinel-2B missions provide extensive spatial coverage, capturing images
globally with a repeat cycle of approximately 5 days for Sentinel-2B. This enables
comprehensive coverage of the study area, ensuring that the entire extent of Sea of
Najaf is captured. The evaluation of long-term trends and changes in the lake's
surface area is made possible by the availability of several images spanning
several years. A variety of spectral bands, such as visible, near-infrared, and short-
wave infrared bands, are available from Sentinel-2B sensors. As they make it
easier to identify and distinguish water bodies from other terrain features, these
bands are crucial for water body study. By exploiting the unique spectral
signatures of water, these sensors enable accurate estimation of Sea of Najaf
surface area. This study used two images for training and validating the
classification models including Sentinel-2B images
(https://earthexplorer.usgs.gov/). Figure 2 shows the RGB composite of the two
Images. Upon visual interpretation of the true color composite images from 2015,
and 2022, some key differences can be noted. By 2015, the lake area has
significantly increased. The 2022 image indicates the lake has again substantially

increased.
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2015 2022

FIGURE 2. Land cover maps of the study area for the years 2015 and 2022(by Author).

Software

Software in this section, we will discuss the topic of software. Software
refers to a collection of programmers, data. The geographical analysis and
mapping in this work were conducted using ArcGIS Pro 3.03. Additionally,
satellite image processing and correction were performed using SNAP9.0.0.
ArcGIS Pro 3.03 gives analysts and GIS specialist’s cutting-edge tools for
handling spatial data and creating outputs and maps of the highest caliber. New
capabilities for geographical analysis, data visualization, and mapping processes
are included in this June 2022 version. A new task-based user interface (Ul) for
version 3.03 walks users through common tasks and adds more graphics and 3D
capabilities. SNAP9.0.0 is an open-source tool maintained by the European Space
Agency for working with Sentinel and other satellite data. Key functionalities
include preprocessing, algorithm development, geospatial analysis, and time series
processing. We utilized SNAP for converting Sentinel-2 scenes to surface
reflectance and applying topographic normalization. SNAP is widely used in the
remote sensing community for satellite image preparation and analysis. Their
toolsets allowed us to efficiently process the Sentinel images to a standardized,

analysis-ready state prior to water classification and change detection.
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Methodology

Figure 3 presents the flowchart of the proposed methodology for image
classification and comparison of satellite images of Sea of Najaf. The first step is
data acquisition and organization. Landsat scenes covering the study area should
be downloaded from reputable data repositories such as the USGS Earth Explorer.
These scenes should be properly organized, and metadata including acquisition
dates, sensor information, and file locations should be recorded for reference. The
second step is to remove the effects of scattering and absorption in the
atmosphere, as the correction of the atmosphere is a crucial step in preprocessing,
allowing accurate measurements of surface reflection in this study using
SNAP9.0.0 software. Atmospheric correction for the Sentinel-2B images was
performed using the Sen2Cor processor. Telespazio VEGA Deutschland GmbH
developed the atmospheric correction processor Sen2Cor on behalf of ESA
(Sentinel-2B Toolbox). “Sen2Cor is a Level2A processor the main purpose is to
correct single-date Sentinel-2 Level-1C TopOf-Atmosphere (TOA) products from
the effects of the atmosphere in order to deliver a Level-2A Bottom-Of-
Atmosphere (BOA) reflectance product. This correction compensates for
atmospheric scattering and absorption, ensuring more accurate analysis and
estimation of the Sea of Najaf surface area. Several atmospheric correction
models and algorithms can be applied, such as the Dark Object Subtraction (DOS)

method.
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FIGURE 3. displays the flowchart illustrating the proposed methodology.
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Supervised Classification

Selection of Training Samples

The acquisition of training samples via a visual interpretation procedure is
crucial for the implementation of supervised classification and accuracy
assessment. Training samples refer to pixels or regions within the imagery that are
designated into specific categories, such as water and barren, through manual
classification. These samples serve the purpose of training classification
algorithms and verifying the precision of the resulting land cover or water extent
maps. The visual interpretation process entails visually inspecting the imagery and
assigning suitable class labels to the chosen samples. This process can be
expedited by utilising geographic information system (GIS) software tools that

facilitate efficient sample collection and labelling.

Maximum Likelihood Classification (MLC)

MLC is a commonly used supervised classification method in remote
sensing (Sun&Qu,2013). The basic idea behind MLC is to find the class that
maximizes the likelihood that the observed pixel values are drawn from that
class's probability distribution Figure 4. The likelihood function is calculated
based on the statistics of the training samples for each class. The following is the
MLC mathematical equation: The following formula is used to determine how
likely each pixel in the image is to belong to a certain class:We figure out the

probability that each pixel in the image falls into class j as follows:
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Ly =——<exp| - = corenn (1) ver.. (Sun&Qu, 2013)
(2m)2|C;|?
where:

L, ; is the likelihood that pixel i belongs to class j

x; 1s the vector of observations (e.g., spectral values) for pixel i

u; is the mean vector for class j, calculated from the training samples
C; is the covariance matrix for class j, also calculated from the training samples

k is the number of bands (i.e., the dimensionality of the feature space)
AT denotes the transpose of a matrix
exp is the exponential function

The pixel is then allocated to the class with the highest likely value after the
likelihood values for each class have been determined. This can be mathematically

stated as:

€; = argmax;(L;;) .o (2) .. (Sun&Qu, 2013)

where:

C; is the class label assigned to pixel i

argmax; denotes the class j that maximizes the likelihood value L, ;.
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FIGURE 4. An illustration of MLC concept for land cover classification (Sun&Qu,2013).

Accuracy Assessment

Several measures, including Overall Correctness (OA) and Kappa coefficient,
were used to assess the accuracy of the categorization findings. While the Kappa
coefficient evaluates the agreement between observed and predicted
classifications while taking into account chance agreement, (OA) estimates the
percentage of properly categorized pixels. A distinct set of validation data, made
up of independent samples not utilized in training, was created to assess
classification accuracy. To evaluate the consistency between identified classes and
reference data, these validation samples were compared to the classification
findings, and (OA) and Kappa coefficients were computed. These accuracy
evaluation criteria were used to evaluate the (SVM) classifier's performance and
reliability in categorizing the Sea of Najaf surface region, giving important

insights into the correctness and validity of the generated land cover map.

The percentage of correctly recognized pixels throughout the whole image is
measured by the overall accuracy (OA) statistic (Grandini& Visani,2020). It is
calculated by dividing the total number of pixels in the picture that were properly
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identified by the total number of pixels in the image. In order to account for the
possibility of chance agreement, the Kappa coefficient measures the degree of
agreement between the observed and anticipated classifications (Grandini&
Visani,2020).

TP+TN
0oA=———" . (1)
TP+TN+FP+FN

where TP is the true positives, TN is the true negatives, FP is the false positives,
and FN is the false negatives.

c X s — Xrpk X tk
sz—Efpk w® th

Kappa = ..(2)

where:
« ¢ = 2 ¥ (. the total number of elements correctly predicted

o5 = Zij" C;; he total number of elements

e vk = 2¥C,; the number of times that class k was predicted (column total)
-tk = XX C;, the number of times that class k truly occurs (row total)

Results and Discussions

Results of Image Classification

This section focuses on the results of the image classification procedure using
satellite images from Sentinel-2B taken in 2015, and 2022. Figure 6 refer to

(MLC) for more details. Maximum Likelihood Classification was one supervised

classification model that was used in the analysis (MLC).

Figure 7 shows the training samples that were collected to train the maximum

likelihood classifier (MLC) for supervised land cover classification in this study.
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The goal of the classification was to differentiate between water and barren (non-
water) land cover types.Therefore, two distinct sets of training samples were
gathered. First, water samples were collected from locations across the study area
that contained water bodies, such as rivers, lakes, reservoirs, and other standing
water features. Care was taken to sample different types of water bodies across the
landscape to capture the spectral variability within the water class. Second, barren
training samples were taken from locations that lacked water and represented
arid/barren land, urban built-up areas, roads, and other non-water land covers. The
sample focused on spectrally homogeneous sites with uniform land cover. By
collecting representative and spectrally distinct training samples for each class, the
MLC classifier can learn the spectral characteristics that differentiate water from
barren land covers. This allows the models to accurately classify unknown pixels
when mapping the entire study area. The training samples form the foundation for
supervised classification, and proper training data collection is crucial for

producing accurate land cover maps.

The study presented the results of image classification through the use of
classification maps for each of the three years Figures 8 and 9. These maps
visually represent the spatial distribution of the water and barren classes within
the study area. The classification maps offer valuable insights into the extent and
changes in water bodies over time, enabling a comprehensive analysis of land
cover dynamics in Sea of Najaf. Through examination of the classification maps,
it becomes possible to identify the presence or absence of water bodies in specific
areas during each of the three years. Additionally, comparing the classification
maps from different years allows for the evaluation of temporal changes in land
cover patterns, thereby highlighting areas where water bodies have expanded or

contracted.
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FIGURE 6. Thematic maps for the study area used for image classification
and change detection for (a) 2015, (b) 2022.
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FIGURE 7. Training samples used to train the MLC model for the year (a)
2015, (b) 2022.
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FIGURE 8. Classification map of the study area based on MLC for the year
(a) 2015, (b) 2022,

The performance of one classification method, MLC, was evaluated for surface

water classification. The accuracy assessment results for the method is presented

in Table 2. In terms of overall accuracy (OA), the MLC method attained an

accuracy of 80.24% in 2015, and 79.61% in 2022. To further assess the agreement

between the classified results and the reference data, the Kappa statistic was

calculated. The MLC method yielded Kappa values of 0.780 in 2015, and 0.774 in
2022.

TABLE 2. presents analysis of the accuracy evaluation for surface water
classification utilizing Maximum Likelihood Classification (MLC)

approache.
Image MLC
g OA Kappa
2015 80.24 0.780
2022 79.61 0.774
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Results of Surface Area Estimation

Sea of Najaf lake is a hydrological feature located within the Najaf
Governorate in Iraq. Analysis of classification maps and calculations of water area
reveal temporal fluctuations in the surface area of Sea of Najaf lake over the
years. Specifically, in 2015, a significant expansion in the surface area of Sea of
Najaf lake occurred, resulting in a rise to 74.36 square kilometers. Finally, in
2022, another substantial increase in the surface area of Sea of Najaf was

observed, with it reaching 120.30 square kilometers.
CONCILSIONS

By observing the results of the study, it is clear the effective contribution of
land cover/land used monitoring and water management through the use of GIS
techniques and remote sensing together. The results demonstrate the effectiveness
of using the (MLC) approach to precisely monitor water bodies and determine
their surface areas.This study developed utilized the satellite images to map the
surface water of Sea of over two periods 2015, and 2022. Thematic maps of the
study area were created using (RS) and supervised classification techniques. In
addition, surface area estimation of Sea of Najaf lake was performed using
Sentinel-2B data. The study successfully estimated the surface area of the lake,
providing a benchmark for future assessments of surface water changes in the
area. The MLC method, with accuracy percentages of (80.24%), (79.61%), in
2015, and 2022, respectively. The Kappa statistic values of (0.780) and (0.774) in
the corresponding years. Overall, these results highlight the superiority of the
SVM method in terms of accuracy and agreement with the reference data, making

it more effective for surface water classification in this study.
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The implications of the study's findings hold substantial importance for the
management and conservation of water resources in Sea of Najaf. Nevertheless,
there are several recommendations that can be put forth to enhance the practises of
water resource management in this region. Firstly, it is advisable to explore more
sophisticated classification techniques, such as deep learning, to augment the
accuracy of surface water classification within the study area. Secondly, it is
crucial to formulate comprehensive plans for integrated water resource
management, taking into account the identified factors that contribute to
alterations in surface water. These plans should encompass strategies to regulate
land use practises, control human-induced activities, and promote sustainable

water utilisation practices.
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Abstract:
This study aimed to evaluate the level of spatial justice in the distribution of

social services for the Regional Development Program in Wasit Province 2011-2022
through the spatial distribution of the health and education sectors. In addition to the
relationship between the allocations of the Regional Development Program and the
elements of the service gap, population, area, and available agricultural potential. The
Gini coefficient and the Lorenz curve were used to measure the variation in the
optimal distribution of services and represent it spatially using geographic
information systems (GIS).

The study revealed the clarity of decision-makers' reliance on the population
factor in determining the size of investment allocations within the regional
development program between the administrative units of the governorate. As for the
division of allocations between service sectors within each administrative unit, it was
not subject to a specific mechanism. In addition to weakness in considering service
gaps, area, and agricultural potential when determining financial allocations.
Therefore, a discrepancy emerged in the distribution of investment allocations, which
was reflected in social services and the emergence of weakness in achieving spatial
justice among the administrative units of Wasit Province.

Keywords: Spatial justice, Social services, Service gaps, Regional

Development Program
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Urban Strategic Planning issues in light of rapid growth and Fast
Urbanization in Lebanon
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Lecturer — Lebanese University- Faculty of Fine Arts & Architecture

Abstract

Governance in emerging cities struggles in meeting people's expectations and
requirements. Most international reports highlight the problem of service
provision, guarantee and long-term sustainability. As cities and towns grow
swiftly and irrevocably, they encounter resource and capacity constraints in
managing the urbanization process. The experiences and strategic urban
development plans in Lebanon have failed to meet the needs of people in the short
and long term, which has prevented it from keeping pace with international
developments and strategic planning approaches that are in line with the

aspirations of any country .

It has become necessary to identify obstacles to strategic planning that prevent
significant progress in key areas. In addition to focusing on how to improve
performance in order to get the desired results. This paper will discuss these
complexities that contribute to the development of a comprehensive and
participatory plan that effectively contributes to the management of urban growth
and population expansion and securing the requirements of a decent sustainable
living.

Keywords: Governance — Urban Sprawl — Urbanization — Infrastructure — Urban
Strategic planning
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1. Introduction

Governance in developing cities are struggling to achieve people’s
aspirations and needs. Most of international reports such as “World Economic
Forum” (Schwab; 2017) shows the dilemma in providing and ensuring services.
These reports discuss the indicators and criteria of competitiveness of countries

through the assessment and monitoring of their performance .

As cities and towns expand swiftly and permanently, they encounter
resource and capacity restrictions in managing the urbanization process. Strategic
planning is a management strategy that helps a company identify its direction and
how it will get there. Urban strategic planning establishes the path of growth for a
city or urban region based on its present profile and SWOT analysis. (UN Habitat;
2007) in addition to other tools .

The experiences and plans of strategic urban development in Lebanon have
failed to address the needs of people on the short and long terms, so that they have
not been able to keep pace with international developments and approaches to

strategic planning that are in the level of aspirations desired by any nation .

It is clear that Lebanon is facing serious and critical issues concerning the
life quality of its residents, which was, unfold through lack of services, poor
infrastructure, corruption, inefficient government bureaucracy, poor work ethics,
and poor public health insurance. The performance indicator of successive
governments since the “Taef” agreement in 1989 was not competitive (UN
Habitat; 2013 .(After 32 years of cease-fire, Lebanon does not ensure the

minimum services and needs of a decent living for its residents. This can be
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referred to many reasons, such as political rivalry, lack of government
integrity, corruption, and many other reasons, but it is obvious that Lebanon is
going into debate concerning the strategic planning policies. From here, we can
describe the tragic situation of the different main sectors and we can observe the
extent of the apparent failure to create an integrated strategic plan that deals with

these challenges in order to improve its conditions (Awada; 2011).

From this point of view, it was necessary to identify obstacles at the level of
strategic planning, which prevented any remarkable achievement at the level of
the main sectors. In addition to that, it is necessary to light on the right
performance to be able to reach the desired results. However, this article will
examine these intricacies; emphasize the necessity of an all-encompassing and

cooperative strategy for urban development.
1. 1The importance of Strategic Urban Planning

Strategic urban planning is essential for assisting cities in adapting to
rapidly changing circumstances, managing change, and enhancing public welfare.
The procedure is dynamic and has to adapt to the evolving circumstances inside
the city. Before reaching the final set of conclusions, the process inevitably goes
back and forth several times (UN Habitat; 2013). Urban strategic planning

provides answers to issues like :

What locations require certain types of growth?

. How can the current economic basis be protected and expanded?
. How can life quality be enhanced and maintained?
67
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The process of spatial planning and the many levels of spatial plans that
are suggested are not substituted by urban strategic planning. Through a process
of consultation, all stakeholders identify the strategic priorities that will influence
development. These priorities are then prioritized via the strategic planning

process.

The intricate and never-ending process of urban transformation is
reflected in urban strategic planning (Wolfram; 2016). When effectively and
sequentially integrated, the following characteristics identify an effective and
broad strategic planning process (lbid)

*It looks toward the future, trying to predict how things could change in five or 10
years. Its goal is to determine how the city should evolve in light of this
anticipated future.

eIt is adaptable and focused on the big picture. It aligns the city with its
surroundings, establishes a framework and direction to give the city with the
intended future, and sets a context for reaching goals.

*Through data analysis of the city, its potential, and its internal and external
environments, it creates a framework for competitive advantage. This enables
cities to react to changing opportunities, problems, trends, and events while
maintaining the framework of their vision and purpose, which were established
throughout the strategic planning process.

eIt is an idea-driven, qualitative procedure. In order to provide the city a clear
vision and purpose, it incorporates "soft" data—experiences, instincts, and ideas—
that are not necessarily backed up by numbers. It also involves stakeholders in the
continuing interactions.

*Because it is a dynamic, ongoing process of self-analysis, it helps a city pay close
attention.
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Urban strategic planning has the capacity to tackle both specific concerns
and a wide range of issues. This approach emphasizes collaboration among
organizations, as well as at the local and regional levels. By doing so, it has the
ability to mobilize resources and effectively coordinate activities on a large scale.
(CUI; 2001:)

Urban strategic planning primarily involves a fluid and evolving process;

«Citizen involvement plays a crucial role in the urban strategic planning process to

ensure its efficacy;

*The key to achieving success in urban strategic planning lies in the effective

implementation of the plans.

Urban Strategic Planning diverges from traditional urban planning methods like
master plans or comprehensive development plans in several aspects. It is
characterized by its dynamic nature, inclusivity, and focus on implementation
(Ibid).

1.2 Data analysis

New ways in which are getting accessible for analyzing our social systems.
These allow the planning of revised policies to boost the behavior of the systems
at the intervals that we have a tendency to live. Several of the ideas mentioned
here are treated more fully in (Forrester, 1969); which shows the city as an

interacting system of industry, housing, and people .

In his work, Newman (2006) provides a valuable overview of the
distinctions and similarities between qualitative and quantitative approaches to
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data analysis. Newman (2006) asserts that qualitative and quantitative

evaluations share four commonalities. Each kind involves:
eInference - Using logic to extend a largely proof-based conclusion;

*A public approach or methodology - disclosing their research design in some

manner;

«Comparison is a fundamental approach that involves the identification of

similarities and differences among patterns or factors.; and

*Driven by the desire to evade mistakes, inaccurate deductions, and deceptive

inferences.

The key evaluation questions must be decided before decisions are made,
gathered and analyzed. In order to keep control over programme or policy, it is
inevitable to appoint an influence evaluation that is responsible of changes at the
levels of the continuation, termination, replication, or scaling up the programme

of policy .

Once the objective of the assessment become clear, evaluation questions at
high level should be agreed, preferably with input of stakeholders, sometimes the
key evaluation questions will have already been prescribed by an evaluation

system or a previously developed evaluation framework (Peersman;2014 .(

In each project, the value of the data is reflected in the solution. It is evident
that Lebanon's government employs the data-hide approach, until the law no.
28/2017 and 233/2021 were issued by the Lebanese parliament, which has an

Impact on the state's performance across several sectors. A hurdle to bottom-up
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partnerships is the absence of public legislation requiring open access to
information, which leaves the public without data. For urban strategic planning to
be successful, both public and private initiatives are required. This problem is
only one of several that are impeding the advancement and expansion of

governmental services

2. Urban Policies (Best Practice)

The increase in population concentration and growth in low and middle-
income countries is becoming more pronounced in the 21st century, offering both
opportunities and posing significant challenges (UN Habitat; 2014). The rapid
urbanization on a large scale has the potential to yield considerable advantages for
economic advancement, societal development, and efficient utilization of natural

resources.

Nevertheless, the rapid expansion of cities accompanied by densely
populated areas can potentially subject nations to increased vulnerabilities in
terms of social upheaval and environmental deterioration. Regardless of the
scenario, it is undeniable that the trajectory and nature of urban development in
the coming decades will significantly affect the welfare and life prospects of
billions of people (Collier, P. et. al ; 2014.(

It will also have an impact on the movement of people across borders and
global stability, while also influencing the ability of the world's ecosystems to
withstand the challenges posed by climate change and the growing scarcity of

resources (Ibid).
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The challenges and opportunities presented in urban areas are highly
dependent on the specific context, thus requiring tailored responses. The pace of
urbanization, the driving forces behind it, the level of resources available for
investment in urban development, and the strength of institutional capacities all

play crucial roles in shaping the urban landscape

A uniform National Urban policy model with consistent results and a one-
size-fits-all strategy that can be duplicated across various locations does not exist.

However, there exist crucial guidelines that can be adhered to.
The high-level lessons emerging are as follows (UN Habitat; 2014:(

1. Governments should prioritize their awareness of the challenges and
advantages brought about by rapid urban expansion. These issues cannot be
effectively dealt with through isolated policy-making. It is crucial to garner
active support from various levels of government in order to establish a
synchronized approach to urban planning and management. The notion that
well-operating urban areas can unlock a nation's development potential holds
more weight than the argument that urban policies solely aim to alleviate

poverty and fulfill basic needs.

2. The process of implementation necessitates a continuous technical endeavor to
establish the necessary legal frameworks, competent institutions, and financial
mechanisms for the creation of more efficient, habitable, and adaptable urban
areas. Collaboration with local communities, private investors, and other

stakeholders is essential for the public sector to
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enhance its capacities in this regard. It is imperative to recognize that the

construction of successful cities cannot solely rely on governmental efforts.

3. Successful implementation necessitates the close cooperation of various levels
of government, coupled with the decentralization of relevant duties and
resources to empower municipal bodies to address local circumstances and
accomplish tasks, bolstered by assistance from the central government and in
partnership with other interested parties. The engagement of urban centers is

vital in attaining numerous overarching policy objectives

4. It is imperative to oversee the peripheral expansion of cities to encourage
more compact and inclusive urban development, which would result in shorter
commutes and less harm to neighboring agricultural land, freshwater sources,

and other ecosystems (1bid).

5. Urban consolidation calls for proactive endeavors to boost the quantity and
quality of land and property development within urban cores and transport
corridors. This approach involves the intensified utilization of strategically
located vacant land and the enhancement of urban infrastructure. Moreover, it
is often linked with the promotion of mixed-use development and the reduction

of land-use segregation.

6. Urbanization can be better managed by proactively preparing the land and
infrastructure in advance, rather than dealing with the social disruptions and
financial burdens associated with repairing, redeveloping, or relocating

informal settlements after they have already been established. It is more
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efficient and economical to anticipate the needs of urban growth and make
necessary provisions beforehand. Additionally, it is advisable to formally
acknowledge and enhance existing informal settlements whenever feasible, as
this approach promotes inclusivity and recognizes the contributions of these

communities.

7. In order to effectively tackle urban issues, it is imperative to adopt a
broader perspective that encompasses metropolitan regions within urban policy.
This approach should emphasize the importance of establishing stronger
connections between cities, towns, and rural areas. By leveraging the distinctive
strengths of these areas and fostering mutually beneficial interactions, national

prosperity and inclusive growth can be fostered (Ibid) .
3. Defining the problem

Lebanon, a country rich in culture and history, is facing a serious problem
in its metropolitan areas. However, approximately 90% of the population lives in
highly urbanized areas, Lebanese cities face a maze-like variety of strategic
planning challenges. This article examines these intricacies, emphasizing the

necessity of an all-encompassing and cooperative strategy for urban development.

The legacy of uncontrolled sprawl is among the most urgent issues. Instead
of a vision for sustainable development, urban expansion is now determined by
infrastructural routes due to the lack of strong planning frameworks. The
development of coherent communities with a strong sense of place is hampered by

this disjointed approach. As a result, resources are allocated inefficiently, and vital
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services like green areas and public transit are unable to keep up with

population increase.

Urban planning is further hampered by the political and economic unrest in
Lebanon. A major concern is the prolonged Syrian refugee crisis, which has
resulted in over 1.5 million refugees burdening already overburdened municipal
services. When political tensions and societal discontent are combined with a
feeble legislative framework, efficient planning is rendered ineffective. The
absence of a well-defined and steady legislative framework deters long-term
infrastructure investment and public-private partnerships, which have the potential

to be crucial in reviving metropolitan regions.

It is primarily the responsibility of towns, who are sometimes
underprepared, to handle these issues. A fragmented approach results from the
absence of a central framework, making it difficult for municipalities to meet the
needs of an expanding urban population. Overburdened with providing services,
municipalities struggle to handle essential issues such as trash management,
public space creation, and infrastructure development because they lack the
necessary financial and human resources. This lowers the general standard of

living in Lebanese cities in addition to impeding economic output.

The lack of a strong public transit system is another important factor.
Chronic traffic congestion and air pollution are caused by the reliance on private
automobiles, which is driven by the absence of well-organized public alternatives.
This affects not just the environment and the general health of the populace, but

also economic output. On the other hand, a well-designed public transportation
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system may provide an answer, encouraging social inclusion and economic
development by linking locals to employment, education, and other necessities.
How therefore can Lebanon make its way through this complex maze of urban

planning problems?
4. Key Urban Issues :

Lebanon has witnessed a rapid and uncontrolled increase in urbanization
and sprawl. Due to the lack of effective planning policies, city areas are expanding
into larger territories, leading to a rise in urban disparities. The majority of new
constructions are concentrated in the coastal zone, where a significant portion of
the Lebanese population resides, contributing to the unregulated urban expansion
(UN Habitat; 2016). Unfortunately, these new developments have not been

accompanied by improvements in infrastructure.

Despite the presence of prosperous high-end districts in cities, notably in
the capital Beirut, the urban disparity and inequality have deepened over time.
Beirut had 24 slums or impoverished neighborhoods even before the recent crisis,
housing 20% of the population (Fawaz et al., 2003). UN-Habitat reported that
around half of Lebanon's urban population lived in 'slums' in 2001 (UN-Habitat,
2010).

To some extent, the planning systems are capable of taking into account strategies
to lessen the urban gap. The capacity of the growing urban population to be
absorbed is hampered by the absence of cross-sectoral master plans and local

planning. Over the course of the civil war, the deficiency of the service systems
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has grown, and they have not been properly corrected since. A disjointed

system of planning and service delivery makes this worse.

Consequently, even though 66% of the population has access to sewerage
networks, only 8% of wastewater is treated, and half of the water is wasted within
the networks. Additionally, the country experiences a mere 6-8 hours of average
daily power supply. Lebanon, with the second-highest person-to-car ratio
globally, suffers from insufficient services, poor urban planning, and an
overreliance on private transportation, all of which negatively impact the
environment and the overall health of urban residents. The political situation in

Syria and the sharp increase in population have made this worse.

Lebanon is currently facing a significant knowledge gap in the field of
urban planning, particularly when it comes to addressing the issue of traffic
congestion in its major cities, particularly those along the coast. According to
Jichi M. et al (2019), approximately 88% of the country's total population resides
in these coastal cities. The Council for Development and Reconstruction has
estimated that around 500 thousand cars enter Beirut alone on a daily basis, and
this number is expected to rise. It is worth noting that Lebanon currently has 1.8
million cars, with an annual increase of 40 thousand cars, as reported by
International Information (2018). In light of these challenges, it is crucial to
explore alternative approaches to tackling congestion. Drawing upon the
experiences of developed countries could provide valuable insights for Lebanon.
However, it is essential to consider the potential social, economic, and

environmental impacts of such plans in the long term .
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Additionally, it is important to assess the benefits, requirements, risks,
opportunities, strengths, and weaknesses associated with these strategies. Any
effective plan must prioritize economic flexibility and sustainability, as the
expansion of cities has resulted in non-scientific practices and an unstructured

approach to planning.

The inability of local authorities such as municipalities to be along with the
innovation strategies that have been adopted elsewhere in the world due to the
lack of funds in the first place, in addition to the beaurocracy and limited
development influence and power and insure concessions and BOT contracts

which is politically not allowed.
1 .4 The lack of vision

There is no doubt that budgets have always been without a clear vision.
Back in the nineties of the last century, and to date, no rescue plan has emerged to
address the real crises that the country is still suffering from. Sustainable growth
that promotes the health sector and long-term economic development, including

investments in infrastructure, education and innovation, has not been worked on .

The needs of the people should come first in the budget. This includes setting
aside funds for necessities such as environmental preservation, social security, and
healthcare. Excessive debt should be avoided and the budget should be balanced.
This protects against future financial difficulties and guarantees long-term

financial security .

The budgeting procedure need to be transparent and accessible. The public

should be aware of how their taxes are being used, and the government should be
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held responsible for the decisions it makes on expenditure. The goal of the
budget should be to allocate funds equally to all societal group. This lessens

inequality and advances social fairness.

4.2 Infrastructure provision

The Lebanese government's reconstruction agenda in the 1990s placed a
strong emphasis on restoring infrastructure. This initiative aimed to not only
improve the living conditions of the population but also stimulate economic
growth, recognizing the crucial role of functional infrastructure in achieving these
objectives. To support this endeavor, the government received substantial

financial aid from various international organizations.

Research conducted by the Council for Development and Reconstruction
(CDR) between 1992 and 2010 highlighted the significance placed on
transportation, power, waste management, drinking water, and sewage systems by
the state. The findings, as illustrated in Table 1, revealed a substantial investment
in these sectors; however, the inefficiencies and disorderliness in their operations
were glaring. This discrepancy between the considerable financial resources
allocated to these services and their suboptimal performance raises critical
questions about the effectiveness of expenditure and the quality of management,

thereby casting doubt on the governance practices at the national and urban levels.
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Table 1. Public Investment in Lebanon, 1992 2010.

Foreign
i Sectoral Sh
Total Investment Foreign Funding Fundingas ecoc;:-aOtalare
Sectors (S millions) (S millions) Percentage
Investment(%)
of Total
Physical Infrastructure
Electricity 1455.17 1266.89 87 14
Telecommunicationsand
Post 798.49 33.26 4 8
Transport 2625 995 38 25
Social Infrastructure
Education 1077 499 46 10
Public Health 310.23 214.36 69 3
Environment & Urbanism 83.15 58.69 71
Social & Economic Affairs 104.52 41.81 40
Essential Services
Water Supply 815.12 590.51 72 8
Sewage Treatment 650.16 382.22 59 6
Solid Waste 1558.45 33.58 2 15
Productive and Other Sectors
Agriculture & Irrigation 114.68 87.03 76
Sovereign Services 161.45 10.49 6
Other Sectors 594.3 213.67 36
Overall Total 10348 4427 43 100

Source: Council for Development and Reconstruction, Progress Report 2011,
http://www.cdr.gov.lb/eng/progress_reports/pr102011/index.asp.

The partial elucidation of the issue lies in the funding sources allocated for
reconstruction efforts and the distinct political and financial prerequisites
mandated by the financing entities. In the initial years of the 1990s, the Lebanese
government had minimal debt and favorable opportunities for borrowing at low
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costs. Governments of 90’s garnered political support from Arab nations,
contributing to the financial landscape. Additionally, an international consensus
was reached to assist Lebanon and present Arab states with advantageous

economic possibilities (Nahas, 2006).

Arab donors have made substantial investments, particularly in the
electrical industry. However, by the late 1990s, the country found itself struggling
with an escalating debt that proved to be unmanageable in an economic climate
that was not as robust as anticipated. During the administrations (1998-2000) and
(2000-2004), the reliance shifted towards multilateral and European financing
sources. These new financiers extended loans with the condition of implementing

structural changes, especially in the public water and energy sectors (Ibid).
4.3 Drinking Water and Sewage

The inadequate drinking water supply in Beirut, a nation with some of the
most rich water resources in the Middle East, is an example of how public sector
dysfunction continues to exist even after two decades of reconstruction. The
quality of drinking water in Beirut is very bad, despite the fact that some refer to
the tall mountains around the city as the Eastern Mediterranean water tower
(Verdeil; 2018 .)

Through a mix of commercial reduction and geographical reconfiguration,
the industry has seen major institutional transformation. The government's first
strategy was inspired by neoliberalism and aimed to incorporate the private sector.

However, it eventually adopted a more moderate approach. The nation's water
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industry has challenges in managing its resources due to political and

sectarian conflicts, as well as uneven regional growth.

Table 2. Percentage of Households Connected to and Using Selected
Service Networks in Beirut and Environs in 2007
Southern Mount

Beirut Ssuburbs Lebanon All of Lebanon

Connection to the public

drinking water system 87 66 82.9 7.4
Consumption of drinking

Useofawell  ¢; 5 43.1 9.5 18.2

Purchase fromwater tankers 216 53 36.8 558
Connection to the public
Use of a private network
Connection to thesewage

Source: Republic of Lebanon, Central Administration of Statistics,
Ministry of Social Affairs, Households Survey, 2007.

The water provision in Beirut is notably inadequate, in terms of both
quantity and quality, as demonstrated by the household survey carried out by The
Central Administration of Statistics (2007) in Table 2 and the World Bank's 2008
Social Impact Analysis (SIA).
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The percentage of households connected to water mains ranges, depending
on the source, between 87 and 96 %, compared to around 80 % for Mount
Lebanon, although the percentage is lower in Beirut’s southern suburbs. Several
factors explain this disparity within Beirut’s metropolitan area. In the informal
neighborhoods that form a significant proportion of Beirut’s southern suburbs,
residents must possess a building permit or complete a regularization process in

order to connect their households to the public network.

Although relevant data is lacking, it is evident that these restrictions keep
many homes off the public network, forcing their occupants to find alternative
ways to get their supplies (Verdeil; 2018). A second factor that appears to be
responsible for the low number of connected houses in Beirut proper is willful
non-connection. Ten percent of households nationally, according to the World
Bank's SIA study, decide not to utilize the public network. This decision was
attributed by the poll to a mistrust of the public system and a preference for

alternative sources.

When supplies cannot keep up with demand, residents must look for
alternate sources, such as direct pumping from reservoirs, tanker deliveries, and

private wells, especially during the summer .

In Beirut and several of its suburbs, the growth of high-rise buildings is
aggravating issues with water pressure and encouraging the construction of
private, independent water access systems, which are frequently illegal wells.

The majority of households believe that the quality of the water main is

unsatisfactory. Just 1.3% of Southern Suburbanites consume water from the
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mains, according to the 2007 ACS poll; however, this number may be a
reflection of the study's circumstances, as it was carried out in the months after the
2006 conflict. Higher percentages are seen in the SIA survey (World Bank; 2009):
62% of Beirut and 56% of Mount Lebanon inhabitants said they drank water from
the mains. The others purchase spring, tanker, or bottled water for cooking and
drinking. Consequently, the amount of money households spend on water
amounts to 3 to 5 % of their total expenses. Half to two thirds of this sum is spent

by locals on alternate water sources.

In terms of business, the water management corporation for Mount Lebanon
and Beirut could be doing worse. Unlike businesses servicing other regions, its
earnings cover operations and maintenance, and over 80% of its invoices are paid
(World Bank; 2010). However, the system is far from ideal for a number of
reasons. First off, people' demands are not being met by the company's production
and distribution of water, especially during the summer. Second, according to
some estimates, network losses range from 30 to 40 %. The amount paid differs
depending on the district. Between 5 and 20 % of connections are made illegally,
meaning they are not approved by the water utility. The distribution and billing
system's requirement for lump-sum payment for an expected volume—typically

one cubic meter per day—is another problem.
4.4 Electricity: The fundamental dilemma

The biggest blow to post-civil war rehabilitation has been the shortage of
energy. Neoliberal aspirations were restrained during the electrical crisis, and

political clientelism and sectarianism have always been explicitly represented in
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disputes. | outline the crisis's manifestation in brief before delving into the
reform process's intricacies (Verdeil; 2018.(Table 2 indicates that the issue with
the electrical crisis is not one of grid access, even though certain unofficial
communities are still disconnected or have temporary connections (lbid). It is
primarily a shortage crisis. The situation unfolded over two stages. During the
first era, which lasted from 1991 to 2006, the nation was recovering. The supply
was twenty-two hours a day on average in 2004. In the second, in the wake of the
conflict in 2006, the lack of new capacity and the inability to modernize existing
facilities has resulted in a drop in the supply of power. The Ministry of Energy
calculated in 2010 that there was a supply gap of more than one-third, with the
utilities providing 1500 megawatts to fulfill a demand of 23,000-24,000
megawatts (Bassil; 2010.)

The situation become worse by the sector's financial shortfall. A planned
switch to natural gas would have saved several hundred million dollars annually,
but geopolitical issues—first between Egypt and Israel, then between Syria and
Lebanon—prevented it from happening. Since 1994, when a barrel of oil cost $20,
the state utility has not raised the price of energy, resulting in extremely low
revenues. Lastly, "theft" and "technical loss" (about 20% of distributed energy is

not paid) are still widespread.

Even if it is less common than it was at the conclusion of the civil war, theft
and non-payment are nevertheless major issues that have grown since 2006. The
treasury compensates Electricité du Liban (EDL) for its yearly losses, which range

from 1.5 to 2 billion dollars. According to official estimates, EDL's deficit
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accounts for roughly one-third of Lebanon's current debt, which stands at
sixty billion dollars, or 200 percent of GDP (Verdeil; 2011.(

There is a strong regional and geographical component to the electrical
issue. Forty-four percent of Lebanon's energy users lived in metropolitan Beirut in
2004; that number rises to sixty-six percent when Mount Lebanon users are
included. Residents of the Beirut metropolitan area consumed 45 percent of
Lebanon's total power in 2000; including Mount Lebanon, that percentage rose to
65 percent.47 Capacity disparities in the distribution networks further worsen the

rationing system's strong geographic differentiation

Capacity disparities in the distribution networks further worsen the
rationing system's strong geographic differentiation. The municipality of Beirut
was supplied in an excessively big amount. Between 1996 and 2006, there were
essentially no frequent power outages Three hours of downtime per day are now
reported by the official supply data, indicating a little worsening of the problem
since 2006. In contrast, the suburbs never had access to energy for twenty-four
hours a day, albeit between 200406, there were three to four hours of power
outages per day, which marked a substantial improvement in supply (Al-Akhbar;
2012).

Although the government's approaches to resolving this situation have
changed over time, they have often lacked a single, distinct set of goals (Hasbani;
2011). | have categorized my examination of these policies into three areas:
financial concerns, privatization, and distribution, due to the intricacy of the

proposed reforms over the years.
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4.5 Transportation

The transport sector in Lebanon is widely regarded as one of the least
sustainable in the Middle East region. This is primarily due to the presence of
weak governance structures and regulatory frameworks, the absence of a modern
and dependable public transport system, and a prevailing car-centric culture that
favors large, outdated vehicles known for their harmful emissions (UN-Habitat,
2021). As a result of these factors, numerous challenges have arisen, leading to a
range of negative impacts. These include a poorly planned urban transport
infrastructure, persistent traffic congestion throughout the day, and the subsequent
environmental, health, and financial burdens that accompany such issues. In
essence, Lebanon's transport system has deteriorated into an unreliable network of
congested roads, leaving citizens with limited options for mobility. This has
further encroached upon urban space, restricting the freedom to walk or cycle and

diminishing the overall quality of life in Lebanese cities (ibid.(

An opportunity emerged in 2019 through a loan from the World Bank with
a budget of up to 295 million US dollars as part of a comprehensive transportation
plan for the city of Greater Beirut as the first stage (World Bank ; 2021). It was
approved in the Lebanese parliament under the number 135, but it was not
exploited by the Lebanese state. After years of lack of progress in the project, the
World Bank considered that the performance was not according to the schedule
that was worked on and considered that the project was unsatisfactory, and the
bank decided to close the loan. The Lebanese state did not take advantage of this

opportunity, which would have changed a lot in the lives of Lebanese.

87

|® @ This work is licensed under a Creative Commaons Attribution 4.0 International License.



https://jpd.uobaghdad.edu.iq/
https://jpd.uobaghdad.edu.iq/index.php/jpd

= dgaiil y Jalaial) dlae

jf Ly Redly. \

/7 \ P-ISSN: 1996-983X
} : Journal of planner and development
R 5 E-ISSN: 2960-1908

Dt Vol 30 Issue 1 2025/4/7

In most cases, the limited implemented projects were primarily political,
sectarian, or regional favors and did not fall within a comprehensive and clear
plan to lead the country to safety .Roads are the responsibility of two entities in
Lebanon: the Ministry of Public Works and Transport, in addition to the Council
for Development and Reconstruction, both being public administrations. Their
authorities and influence differ, as the Council for Development and
Reconstruction was established to alleviate administrative bureaucracy and
expedite project implementation, usually managing external loans. The Ministry
of Public Works and Transport is responsible for the locally funded portion of the

state treasury, in addition to railways, airports, and ports
4.6 Roads

In the latest study conducted by the Ministry of Public Works and Transport
(National agency news — NNA; 2022), there are approximately 6,700 kilometers
linear of main roads. The Minister Hamie (Ibid) explained that these roads have
not been maintained since 2018, making most of them a public safety hazard.
According to the World Bank data, official website (data.worldbank.org) the
number of fatalities per 100,000 inhabitants is 19 in 2019 which is a significant
number. The lack of maintenance has multiplied the cost of rehabilitating these
roads several times over. According to minister Hamie (National agency news —
NNA,; 2022), these roads annually require $120 million for regular maintenance if
they were in a ready state, without even addressing the rehabilitation works,

which exceed $450 million, figures that are currently nonexistent .
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Since the mid-1990s, Lebanon's transportation and infrastructure sectors
have not seen substantial developments or improvements. The lack of
development in these sectors has left the country with a number of issues, notably

in terms of handling urbanization and population expansion.

Infrastructure development began in the late twentieth century, but it has
not kept up with the significant urbanization and population growth that has
occurred since then. This misalignment between infrastructure development and
population increase has resulted in a slew of problems, including congestion,

declining road conditions, and insufficient public transit.

Lebanon's coastal cities have seen substantial population increase, with
almost 90% of the country's population currently residing in them. This
concentration of people has put enormous demand on infrastructure, resulting in
overloaded roadways, inadequate public services, and overburdened utilities.
Furthermore, the flood of about two million Syrian refugees has put further strain
on Lebanon's infrastructure and resources. The abrupt growth in population has
worsened existing issues, emphasizing the critical need for comprehensive

planning and development efforts.

Despite growing urbanization and population increase, there has been little
strategic planning for infrastructure development in the short, medium, and long
term. The lack of unified plans designed to meet present and future demands has
hampered Lebanon's capacity to properly manage urbanization and assure long-

term development.
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In 2017, the World Bank signed a loan agreement with the Lebanese
government for “Road and employment Project”, valued at $200 million. This
loan aimed to rehabilitate approximately 550 kilometers of main roads, excluding
international routes connecting governorates. Undoubtedly, the loan provided
much-needed support amidst the state's challenging circumstances .

However, it is crucial to note that the lack of maintenance on highways has
posed a significant crisis for many Lebanese citizens. These roads now pose a
serious threat to public safety, given the high volume of daily traffic, with most
cars and hundreds of thousands of individuals traversing them regularly. This
issue stems largely from political quotas, which have historically hindered the
implementation of strategic plans within the country.

4.7 Railways

Transport has a crucial role in boosting economic activity by improving
trade competitiveness and market access. Kenneth Small and Erik Verhoef's book
(Small eh al; 2007) "The Economics of Urban Transportation™ emphasizes the
importance of transportation in driving economic activity. This phrase primarily
refers to the exchange of intermediate and final commodities and services,
administrative duties, financial capacity, knowledge, and technology among
private and governmental partners. Today's economic activity relies heavily on the

transportation of people, products, and ideas .

Experts in urban development consider transportation as a distinct issue
from other issues in poor nations, such as health and education, which may be
severely impacted by economic growth. Enrique Penalosa's sourcebook on
Sustainable Transport highlights the negative impact of economic development on

transportation issues (Penalosa; 2005 ).
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Transport has two paradoxical impacts on the economy. With globalization,
transportation networks are more important for commerce and economic
competitiveness, as well as improving living standards. Positive consequences can
result in increased population and economic growth. Combining this with an
unsustainable transportation sector can lead to an exponential growth in demand
for energy, CO2 emissions, and other externalities, resulting in significant social

costs.

In fast-paced small open developing countries like Lebanon, increasing
household real income leads to residential suburbanization, resulting in a
significant reliance on private cars for transportation. This trend of increasing
vehicle reliance has various negative implications, including those related to

traffic flow and air pollution .

In this nation, no comprehensive research has been conducted on the role of
the transportation sector as a (de)catalyst of economic development/growth. The
extant research is mostly focused on spatial/geopolitical analysis, with little
emphasis on economics. Xavier Bernier (2010) identified transportation as a
critical factor in his analysis of Lebanon's networks. The conclusion is based on
geographical analysis and the historical significance of geopolitics in shaping the

existing transportation networks in Lebanon through open-closed cycles.

Since the last train journey in 1995, Lebanon and the Lebanese have been
waiting for the reactivation of the railways, with their daily transportation
problems, in the absence of a public transport plan, and the absence of a serious

political decision to embark on this task .
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The Lebanese people have become moaning about the difficulty of
transportation and mobility, especially in the current circumstances and after the
revolution of October 17, 2019, as banks seized their savings, making life more
difficult.

The deterioration of the national currency exchange rate was one of the
Immediate problems that greatly affected public sector employees, as employees
will no longer be able to reach their workplaces due to the high cost of
transportation. A lack of a long-term vision for transportation has resulted in a

severe and pervasive breakdown in the regularity with which institutions operate.

For now, after all that the Lebanese citizen are exposed to, and despite the
difficult circumstances that he still suffers from, no radical solution has been
made, despite the existence of many studies conducted by the Lebanese Ministry

of Public Works and transport, which did not take its executive course.

5In terms of urban strategic planning, Lebanon is at a crossroads where
difficulties meet possibilities, influencing the trajectory of its cities and
communities. As we move from diagnosing serious concerns to investigating their
practical repercussions, it becomes clear that the implications are far-reaching and

varied.

At the core of Lebanon's urban landscape is a basic quandary stemming
from a lack of coherent vision. This lack of a comprehensive long-term plan has
ramifications across several areas, from infrastructure provision to environmental
sustainability, sustaining a cycle of haphazard decision-making and fragmented

development projects.
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One of the most visible symptoms of this disconnected approach is in the
supply of infrastructure. Essential services, such as water and sewage
management, suffer as a result of insufficient investment, bureaucratic
inefficiencies, and a lack of proactive planning. As a result, metropolitan regions
face concerns such as water scarcity, sanitation challenges, and environmental

deterioration, all of which have an influence on inhabitants' health and welfare

Parallel to these infrastructural issues lies the threat of electricity shortages,
a constant reminder of Lebanon's perilous energy situation. The inability to solve
this basic challenge is due to political favoritism, institutional corruption, and a
lack of concerted attempts to update the electricity grid, which perpetuates

reliance on unsustainable solutions and stifles economic progress.

Furthermore, transportation appears as a battleground where the
shortcomings of urban planning collide with the needs of a continuously changing
population. Congested highways, limited public transportation, and a scarcity of
sustainable mobility alternatives highlight the importance of comprehensive
transportation solutions that promote accessibility, efficiency, and environmental

stewardship.

Despite these problems, Lebanon's roadways and railroads function as
arteries that link and confine its metropolitan areas. Decades of neglect, along
with geopolitical conflicts and financing restrictions, have left these key facilities
dormant, impeding connection, economic integration, and regional development

goals.
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As we engage on a quest to unearth the causes of these urban strategic
planning quandaries, it is critical to acknowledge their linked nature and the need
for comprehensive, forward-thinking solutions. Through empirical study and
critical reflection, for that reason, efforts should shed light on the concrete effects
of these difficulties on Lebanon's urban fabric, setting the framework for informed
strategies and transformational interventions that prioritize sustainability,

resilience, and equitable development.
6: Recommendations

As a result, it is vital to identify solutions based on numerous fundamental
principles that must be addressed in a strategic and practical framework that
satisfies the required needs and has a clear vision for the short, medium, and long

term:
1. Administrative Decentralization :

*Empowering Local Authorities: empowering municipalities and regional
authorities to make actions on urban planning, infrastructure development, and

service supply within their domains.

*Providing technical and financial support to local urban planning agencies to
improve their capacity for urban planning, data gathering, and policy

implementation.

*Encouraging community engagement through decentralized government

mechanisms like neighborhood councils and forums.
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Establishing transparency and accountability procedures at the local level

to make decisions that benefit the community and address local needs.
2. Integrated Urban Planning:

«Establishing an observatory to collect, evaluate, and share data on urban trends
such as population growth, land use changes, infrastructure development, and
environmental consequences. This observatory will help with strategic planning
initiatives.

*The Ministry of Planning should spearhead efforts to coordinate urban planning

initiatives among government agencies and local governments, ensuring

coherence and alignment with national development objectives.

3. Strengthening Regulatory Frameworks

+Utilizing the urban observatory to monitor compliance and identify loopholes in

legislation. The observatory's data will help guide regulatory revisions.

«Submitting regulatory modifications to relevant government authorities, overseen

by the Ministry of Planning.
4. .Investment in Infrastructure :

*Prioritizing infrastructure improvements based on urban observatory data and

population growth. This assures focused and successful investment .

«Coordinating infrastructure projects with appropriate government departments,

guided by the Ministry of Planning .
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5. Encouraging Compact Urban Development

*Using the urban observatory to evaluate the efficacy of programs and tracking
progress towards goals like decreasing sprawl and encouraging mixed-use zones.

Data-driven judgments will influence compact development initiatives.

Collaborating with urban planning authorities and the Ministry of Planning to

create policies and incentives that promote compact urban growth.
6. Community Engagement and Participation:

+Utilizing the urban observatory to solicit feedback from citizens and stakeholders
on urban planning goals and preferences. This ensures the community's

participation in decision-making processes.

«Collaborating with local urban planning bodies and the Ministry of Planning to

assist community participation procedures.
7. Preserving Green Spaces and Natural locations :

*Using urban observatory data to identify ecologically significant locations and
prioritize conservation efforts. Scientific information will guide conservation
initiatives.

«Collaborating with environmental agencies to create policies and plans to

preserve green spaces and natural ecosystems in urban areas, following Ministry

of Planning guidelines.
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8. Capacity Building and Institutional Strengthening:

*The urban observatory can support training programs and knowledge-sharing
efforts to increase the ability of urban planners and government officials. This

promotes educated decision-making.

*Developing institutional frameworks and facilitate the formation of specialist
urban planning departments within key government agencies under the Ministry

of Planning.
9. Regional collaboration

*Using the urban observatory to share data and best practices with adjacent
municipalities and regional authorities. Sharing data makes collaborative planning

easier.

*Supporting coordinated urban planning efforts at the regional level by facilitating
collaborative initiatives and providing technical help through the Ministry of

Planning.
10. Incentive Mechanisms

*Analyzing data from the urban observatory to determine the effect of incentive
systems on urban development results. An evidence-based study will inform

changes to incentive programs.

*The Ministry of Planning will evaluate the performance of incentive programs
and provide suggestions for changes or improvements based on evidence-based

analysis.
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11. Regular reviews and adaptations

«Creating a monitoring and evaluation structure, aided by the urban observatory,
to frequently analyze and assess the execution of urban development plans and

policies. Continuous monitoring enables adaptive planning.

Leading efforts to change urban planning strategies based on monitoring and
evaluation results, ensuring that plans are responsive to changing urban problems

and opportunities through the Ministry of Planning.
7.Conclusion

In conclusion, tackling the challenges of urban growth necessitates a
diversified strategy based on fundamental principles. The guidelines presented
here give a strategic and practical framework for addressing the Required Needs

while cultivating a clear vision for the short, medium, and long term.

Administrative decentralization emerges as a critical component, allowing
local governments to make more informed decisions about urban planning,
infrastructure development, and service delivery within their authority.
Decentralization guarantees that choices reflect local needs and preferences by

strengthening community involvement and accountability processes.

The development of an observatory facilitates integrated urban planning,
which acts as another cornerstone. This unified platform for data collecting and
analysis allows government agencies and local governments to coordinate their

activities, creating coherence and alignment with national development goals.

Strengthening regulatory frameworks is critical for ensuring compliance

and addressing emerging urban concerns. Using data from the urban observatory,
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regulation changes may be customized to close loopholes and encourage

sustainable urban growth.

Investment in infrastructure, led by data-driven insights, ensures that
resources are efficiently deployed to meet the changing requirements of urban
populations. Infrastructure development may serve as a stimulus for equitable and
sustainable urban growth by prioritizing projects based on population growth and

coordinating efforts across relevant government ministries.

Compact urban development is encouraged because of its ability to reduce sprawl
and enhance effective land use. Compact development becomes a realistic path to
long-term urban sustainability by collaborating with urban planning authorities

and implementing supporting policies and incentives.

Community involvement and participation are stressed as critical
components of inclusive decision-making processes. By using the urban
observatory to seek feedback from residents and stakeholders, urban planning

projects may become more responsive to local preferences and goals.

The preservation of green areas and natural ecosystems is emphasized as
critical to preserving urban biodiversity and ecological balance. Policies and
strategies to protect these critical resources may be developed by identifying
ecologically significant places using data and collaborating with environmental

organizations.

Capacity building and institutional strengthening are emphasized as
necessary for effective urban government. Governments may enable urban

planners and officials to make informed decisions by investing in training
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programs and knowledge-sharing initiatives, while institutional frameworks

guarantee that urban development efforts are sustainable in the long run.

Regional collaboration emerges as a critical tool for solving multifaceted
urban concerns. By utilizing the urban observatory to share data and best
practices, coordinated planning activities at the regional level may be facilitated,

promoting synergies and improving resource efficiency.

Incentive strategies are critical in achieving desirable urban development
results. Governments may adjust policies to encourage sustainable development
practices and accomplish larger social goals by analyzing incentive schemes based
on data.

Regular assessments and changes are required to ensure the responsiveness
and efficacy of urban development policies. By developing monitoring and
assessment processes based on data from the urban observatory, governments may
tailor plans and policies to address new urban challenges and possibilities,

assuring a dynamic and resilient urban future.

In essence, the suggestions establish a complete path for negotiating the
difficulties of urban growth, directing policymakers and stakeholders to a future
of inclusive, sustainable, and resilient cities. By accepting these ideas and
executing targeted actions, governments may fulfill urbanization's full potential as

a driver of economic growth, social fairness, and environmental sustainability
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Stages development and updating of the master plan for the city
of Baghdad by adopting spatial techniques

Ashar Hussein Hamad Prof .dr. Jamal Baqir Motlak

ishar.hussein1300a@iurp.uobagdad.edu.ig dr.j.motlak@iurp.uobaghdad.edu.ig

Center of Urban and Regional Planning / University of Bagdad

Abstract:

The master plan is a comprehensive plan works to organize the social and
economic variables in the city, in addition to zoning and organizing the uses of the land
for the next (20) - (30) years, which is the documentary and visual result of the planning
process. The most prominent problems in the research are that the basic plans prepared
for the city of Baghdad suffer from official and unofficial changes taking place in the
uses of the land, especially the proposed development plan until 2030 updated by Khatib
and Alami Company, contrary to what is stipulated in these plans, which may hinder the
process of implementing these plans in the future. In order to reach the goal of the
research, identifying the development of the city of Baghdad according to the basic
plans and the changes that occur over time in the uses of the land contrary to what was

planned.

Under the assumption that the changes that occur in the uses of the land brought
about by the basic plan lead to obstructing the implementation of this plan in the future.
The descriptive analytical approach was relied upon to review the foundation plans since
the first foundation plan in 1936, 1956, 1959, and 1973, for the city of Baghdad, all the
way to the latest foundation plan produced by Khatib and Alami Company until the year
(2030), using spatial techniques to identify the development of the foundation plans

through Remote sensing of satellite images (and geographic information systems
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(G.1.S.)) and map production, for changes in informal and official land uses by
the decision of the Supreme Committee for Foundation Design, which affect the
proposals of the foundation plan. The research reached a set of conclusions, the most
Important of which are the changes that occurred (no matter how private they are from
the general public or General by the state (not scientifically studied and does not have a
comprehensive view of all uses, so such changes cause an imbalance in land uses and
affect the implementation of the basic plans of the city, and led to the recommendation
to increase the spaces allocated to green areas and recreational activities Through the
following measures, it is necessary to stop changing the use of green areas to residential

use.

Key word : Baghdad city , land uses, master plan, remote sensing , G.1.S
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Digital-Computational Design in Architecture and Urban Design

Ass. Prof. Amjad albadry Lec. Maysaa lzyara Mohammed
amjadalbadry@coeng.uobaghdad.edu.iq maysaa.ziarah@coeng.uobaghdad.edu.ig

University of Baghdad-College of Engineering-Architecture Department

Abstract:

The Digital-computational design, considered as an evolution of the
concept of computer-aided design (CAD), has witnessed remarkable development
since its emergence in the 1960s. This development has improved the ability to
explore complex design concepts and enhanced accuracy and creative freedom.
Over time, digital-computational design has come to include multiple fields such
as artificial intelligence, robotics, and mathematics, which has led to the
application of its methods to architectural and urban design. The integration of
digital design tools into architecture and urban design is the result of a long
development process. The research here attempted to study the concepts of digital
and computational in architecture and urban design, with an attempt to resolve the
overlap between these two concepts and the concepts associated with them and
their connection with architecture and urban design, with a study of the
transformation in architectural theory towards digital-computational design and an
attempt to trace the emergence of the concept historically by analyzing the stages
in terms of the tool, thought and accompanying product by following an analytical
methodology and critical review of various sources and a case study for good

practice in Digital -Computational Architecture. The research concludes that we
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can distinguish two approaches to using the computer in architecture and
urban design: first, those that use the computer as a tool to implement a certain
idea is a digital technology, while second, those that use the computer to use its
computational capabilities through the activities of deduction, induction, and
abstraction to form a certain idea is a digital-computational process. Therefore, it
IS necessary to use the term digital-computational design and digital-
computational architecture to indicate the future approach to architecture and
urban design, which means using the computer and its computational capabilities

as essential tools in the design process.

Keywords: Computational-Digital Design, Computer-aided Architectural Design
(CAAD), Post-Folding, Post-Guggenheim, Research by Design
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Mass Customization Jelill (asaiill s (NURB gl e Zaal) dlaadl <l 5391 (e 3y2])
038 (3 daled Sy Lo Aluall Gl (e 3K 5 <Double Curvature z s2 el slad¥l ) 5130
A & e areal Jlie (B areall) dilee (U Computation bl aladiul s (5 sull
. (Soleimani,2019, pp5-6) ( Computerization e sl avs L) @ puilall

Ch iy ogd aranalll AT a3 (e G S el o oSy bead) asenatl) o Ua oty
S gl B 3gad dali g dad ) el g1 W 855 Al Agluaad) cililaal)

‘, /Ii (R W ¢ AR
Ataan oy

EJLA:J\ Léj‘é_\w\ M\ alial (1) (55) J<al

(1a) Notre-Dame de Chartres, (1b) Cathedral, San Galgano Abbey, (1c) Dancing House (Soleimani,2019, pp5-6)
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. (Soleimani,2019, pp5-6)

) araaill A Digital Fabrication <@ gpiaill 4.7

Alaad) (e ANl A M) lead) apeaill Aalal G Q) a5l gl i
ARG Al yaanall 300 5l COLED aladi) YA e sl o sehall mas gy el 1) wiaill ) il g
(o Al Gile guadll 2l 4 Gal) JSally 4l ) il LS = s (Leach,2004,p.30)
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(b Sl Liia o3 Al g iaail) ) hail) aa s ) G ¢(39-25 (262009« sl jil& (SUsSl)
e gl ¢ Lt delpa a4 jlasall duigh o 3 ¢ ) ol eliadll 5 ol Cilelia
elizadll US ja Gin G a5 41 o) sal) Y Libion oo U a5 ¢ A sl g3 shall il Uy 5o 8t

143

|® @ This work is licensed under a Creative Commaons Attribution 4.0 International License.



https://jpd.uobaghdad.edu.iq/
https://jpd.uobaghdad.edu.iq/index.php/jpd

Fy
)

daeiill  Jaladall Alas

7 0

/7 \ P-ISSN: 1996-983X
} ? Journal of planner and development
) . )/ E-ISSN: 2960-1908

b Vol 30 Issue 1 2025/4/7

= o

N,

i

(CAD) wswlall srclua maaill & skl @il 3 (Kolarevic,2001,p.117)
Canid 28l el il jlan s Sl apaai el 8 (CAM) cosmlall Bacluay ayiall il
AalSa 5 Al dpnia oy 8 il s S Al satee JISET el g UL ~lawdl JIA (e B33 U 8
(Mohammed « (Kolarevic,2001, p.118)4uliill Ll ciluii aladiuly aaall 5 LY 5 aranaill
laae Jss Al @B Al o elll A0 Ale cilS 3 (& Al-Essawi,2023,p.123)
Unlis AiSan insial doa ol g0 shall danigh) o dlda oY) Ased 1) dagllall Lgiand ) 4lSal) ilaiadl
i Al el Gllee 35l e @lld s Kolarevic sy WS il 4giad oSy Lgiliy o Wyl ias
WS Cutting akdll Jis « (CNC) Computer Numerical Control _s sxeSil Gase Led oSl
s WS Subtractive gkl s «((2) a8 JSl) (S elil jal Bl (A Auwga &g pla 4y jad
Additive dL=yls ((3) A8, Jall) Wikl & Cajysalugs & Gehry ille e & Jall
.(Kolarevic,2001, pp.120-122) formative - s<ill miaill

Bluwal) 2ol coal g2l Guienlsdl il (ala (3) 8 ISl S LA Bl (B g g pde D3 G AALa) JSha (2) ) Jeal
cdysalegy B (gpn lgeaa I Cagely) Eb}y daliudl) Contouring sl &l Cuttingadadll aladsials mul
1999l (Kolarevic,2001, pp.120-122)

(Kolarevic,2001, pp.120-122)
araall) cildes JMA (pa Byl Jia cilpaadl (i i Lgalil) Jilagy 5 lend) G i Ul 483l ()
A8 Ay aBgii () (Al BLally Al 3 jlead) ddin b (Lad ) de ghaall Bapand) e i) g il g
il g (5 el ) asaail) ) alead) S8l e 7o) 3 AN ABNAAY arenalll cilBi g caillul)
PR

144

|@ @ This work is licensed under a Creative Commaons Attribution 4.0 International License.



https://jpd.uobaghdad.edu.iq/
https://jpd.uobaghdad.edu.iq/index.php/jpd

doaiil) g Jadadal) dls s

SR
i \«‘ P-ISSN: 1996-983X
} : Journal of planner and development
X 74 E-ISSN: 2960-1908

Vol 30 Issuel 2025/4/7

Digital Design DD / Computational Design <@ sl / (slwal) aracaill 4.8
CD

Clasladll s FOrm zasall Gu (el e sisg CAD of dais (8 A Hl) AN aa )

Sl ) g ety 3l iy 138 5 ANl 038 7 34 (CD) (sibend) paanaill 0f s (S <Information

peaill 4 dlall Gl Formative Processes 4awsSill wlleall s Material Behavior (sl

o35 Aty (K15 Andaill ol as I o) ja) (e Ak JUR e FOrm zasaill ciy pad 2y ¥ ¢ bl

. (Menges, et al,2010,p.51) 2= 58l Je dail8 400 ) ) 52 Cillee IS (e

Sl o8 DD Jisis 3 ((4) &) JS) DD (ol ppansill go axic (CD) sibusndl ppansl
054 (CD) ) mpanail) e J guasl) WiSay (pa B )y Al 8 CAD &l 5aY Jasesy Jlaniiad
Frei s Antoni Gaudi omlesal) (e JS i )lad 8 WS <Digital Tools 4 i) <l 5391 Jlasiad
e alaie V1 (50 4 ) 50V Jlanian) ¢Sy 5 ddginiall 7 shaall (e (S53Y) 2all e sasll Otto
¢15aY) Jus) & Mark Burry Juel (8 LS LagilS (e J somall Wiy 5f ¢ (CD)sbusall ppanatll
(Caetano, | et . Lla¥) cilbabidll ol cuw Sagrada Familia S (e AaSall e
al.,2019, p.3)

udy Lty AT Aliad (al Y sl debuall (g g Csulall 3 el Jarind ¥ Gllaall (any o
A e aveail) Dlee a8 5l Cilagleall b 55 ol oLl Jie dloal) agil 08 (0 Ba AV Gand)
bbaall e 4@l i dnbuall lel Y

+ =
+ + =

Olaldl: Haaall

Bolaad)l A Gaulall Jlaniud cpagie Jiad o) aakiad da b (e Laag ¢ Jg¥) gaall b
ZéM‘MU
Apad ) Lia o1 5385 (A Adyma 353 AN BIAS G gautad) Jaris La JS ()

145

|® @ This work is licensed under a Creative Commaons Attribution 4.0 International License.



https://jpd.uobaghdad.edu.iq/
https://jpd.uobaghdad.edu.iq/index.php/jpd

doaiil) g Jadadal) dls s

jf‘ iy Tedly. \
/7 \ P-ISSN: 1996-983X
} : Journal of planner and development
X 74 E-ISSN: 2960-1908
Dot

Nyt Vol 30 Issue 1 2025/4/7

£ ALY g ZUiia) daddl DA e dnlead) 45) a8 Dlaiudl gudal) Jariay (e Wi o

Al dpad ) dles 5gd Aisma B 488y oSl Wy 2l g

(ol a8 5l aacall] slaily (5 paad) azasaill g 5 jlandl & Jsadl) ;S jsaall 5
The shift in architectural theory towards Digital -computational design

Clual) B Aalibe AalS gl Gt ) Cany p gaim gaS ualall Sy gadl 8 CD el ¢ i e a2l Lo
CULISILY) s Slaall Sa il cad clpand) b ek 4l W) il g 6ol
Jiaal 5 apenaill iy Jial by 2585 < aie Jsa Ivan Sutherland DS il st s da 5l i<l
Ofialall sl S (3 4 jaall o glall Gl gy iy of Lale 2 jaal) o slall g (5 jlanall aransil
OsmSaa 393 A 1948 alhe & (IS (5l JEal L asiy ) Ll algal) opulal) b 4K,
eall -l sl <l gl e ) . (Caetano, | et al.,2019, p.3)°Hixon Symposium
Aps sl Aibeial) ) alidll seds (e cAlish sk Aled Angi a5 lend) dtia Jlae 3
D Baaall LV 5 Sl J) sk Gabaia) (aa JalS IS0 Wddii g W ot ) dila slaall
(5 Jaxall Ul 5 aliall g ) 2V i (e a3l skl A5Vl i) 8 Caad) Lgala gy

Embryonic-generation (sl Jsadi5.1
Giall das Jae ks pnlall asle il agh (05 alls 2l 3sen Asall o3a Jid
P ASY) dalpall By (Al g (o 1 5SS 9 L G O 055
S Al gl g ecibiiind) el a8 0 Sal ) odadl 161 el shadll cias peliad) (Y
£lSAS (5 AY) dpalall VLl & il plaill g cilialall da o i€l ClBLISELY) 5 Bl g

Ales Von Neumanngless s clualyll olle aginy clawmasll calisal clale lgd aale Hixon Symposium (suSia 593 5
Dasi SV olgiall A8V el cus Karl Lashely L&y QIS Gl alles Warren McCulloch sisslsSle ¢ply duvasl) Ling gausdl
25 (Gardner,1984, p.139) owiill ddaill e cuaa )l dogmasst doctring suiall e cuaasy dlslall b laloal) cuyl) i,
aly A taboos ayse saleg dogmas Lijie)lll sleal) cilafieal snias & Patrik Schumacher jalesé clijl asyh W alie =5k

-2008 .l Parametricism ey

g uiall jasall 1962 ale & The Conference on Design Methods seill culll jai3e ey cipaizall (s5ime o 6
. (Caetano& Leitd0,2019, p.3)Jsd

146

|® @ This work is licensed under a Creative Commaons Attribution 4.0 International License.



https://jpd.uobaghdad.edu.iq/
https://jpd.uobaghdad.edu.iq/index.php/jpd

N Lol g i) dlas

s .
iy Ll

JJ‘ N \

/7 \ P-ISSN: 1996-983X

} ? Journal of planner and development
) 74 E-ISSN: 2960-1908

K Vol 30 Issue 1 2025/4/7

(Caetano& Leitdo,2019, . Shall jSall algl) juaes Sluab il elibal)
Ot ) aiiSiaall g ¢ palaia¥) 8 gl Ol sl 5 anlia mad (8 250 Gdislll (s ¢ p.5)
Nicholas Negropontes Gordon Pask ¥ o) (m o= idall (iladll 13g]
Jsa¥ e da sl oS Y )50 0 3ail (s Jandl daal (e a2 )il e (Grisalefia, 2017, p.3)
Cpdigall alaza g2l (S5 a1 ) e ) @iy & Mainstream (e ) (s oberall Ll (e 12 3 6 )i
e V5iSaty ol A ¢ Bl 48 um gall Ao sl i Sl gl 5f Al A8 jeall il 3 lenal)
JISE S yidie U 5 jlead) e Leidai s Computing das sal) gl Sl g« auia o Lgaaia g
b iS5 el Lal oS oI ¢ cluiind) Aes il (John Frazer ¢ e Cus gkl ySall 5
skl JS Wl Jiad 5 ¢ laosa s Jad sa alad Wiy 3 i gll o8 (S @l ¢ Ll gl
O A gall" o agiad Lo 13as Ladlal sl Lo 300 dpulauadl s Lo laia¥) ol il 5 L ol 533l
S AdEaall el s Al JaS a3 5 «Computing without Computers s saesS 5 jeal
Lokl 1 e 281 ol ey . (Grisalefia, 2017, p.5)isd il s dus 5SIY) 3 56ay) b s
8 3ea] (e aldai o8 A "Computer City" 4 ) 442aS 1963 olall & Dennis Crompton 4l
Gand Al Aabisall sy lleal) 55100 5 481 ey duay) Adal jiall Ay STV 5 jeally ladiin)
¢ aal g o (AR sl g g Aaad ) V) caudasil) A31d 5 A3 Aae o L) e jolE G Ko g Ay paaall A0l 8
pranall 1 (110 U= 2015caeluall ) 4 sde 5 Fhkia Babine Dol jaly Slelily Dol ja) @i
¢ Plug-in City seial SlaSa (5530 ¢« &y plaill Lo il (5 ginsa o aitlia Cas (3 ¢ =) 5B 138
G Joa il I A8 ) adizall JSell Sl pandl G gladlg Ay GSIY) il all ey
4 lexall Archigram e seaal il oSl O oSN e 12 3 OIS (g2l A )l L ol 53
(Riccobono, 2013.p.27) ((5) a8 JSaln

LR X

Archigram 4s gezxe Jlos! (5) 03y K&l

a- Computer City b- the walking City c-Plug—in Cit(11022015¢xc bl e slaicVL ialdl)

147

|@ @ This work is licensed under a Creative Commaons Attribution 4.0 International License.



https://jpd.uobaghdad.edu.iq/
https://jpd.uobaghdad.edu.iq/index.php/jpd

= dgaiil y Jalaial) dlae

7 RO

/7 \ P-ISSN: 1996-983X

} : Journal of planner and development
R . )/ E-ISSN: 2960-1908

S Vol 30 Issue 1 2025/4/7

D i) ; LG
Jlee V) 038 (pa g dpad gill Aalasll (amy dpedi 85 dpalal) Q) ) sulinall ae 8 30y 30 < 3

Jiiw)Computer-Aided Architectural Design  «swlall saclia 5 jlerdll areaill QU
sl il adis (1977 os0als LusI)A Pattern Language el 4l QS (1977
s 155kie 1972 sle 4 1st International Congress on Performance «\34 JsY)
alidl A 5 casaaill asle s dmgiall apaaill cudlud (e IS G sulall clale alaial e AU apaaill
(Caetano& Luale apaaill il B 5yl Al € bl el sy lewlal o 15dE )
oo 1S 12 32 s symbolic computations 43l cibluall of  Leitd0,2019, pp.3-5)
laaeY JalSill 5 Juzaliil) ol Mo diaall Ao ) il sy bl Jil 5l 8 el 7 5
S il Sl IS (Stevens, 2012, p.1062)cs A Sall 4% [ambda calculus
Bane Lpwdiay AilSe jlad PR G el Qe B jleall dudia ganiy S s
Gl L Caad Al Sl aaf K Gus CAD delim i WS (Riccobono, 2013.p.18)
chad)l dudigy Gl Led o s ¢ duanigl) dadaill 58 CAD delia skt 8 Lga 150 dmalall
& sY CAD kil alle Solid Modelling dball cilawadl 4adais Surface Modelling
b ol siSa Gany el Q5 a8y (sl Al debuall Cullul 4Slae ¢ ala¥) 2005 i) by
A sy (€ Salll Curvilinear Configuration (sisiadl (s oSl dud jal 5 o) jan dasla
Dshe 4l e (alaid¥) e sl J8 e Jeadll 4] a5 Aslaiad) B- Splines < ad e Jae
doulul mhudl dada Ladd 9 @il (Non-Uniform Rational B-Splines  «(NURBS)
pdg) lgmpialiy dpaeall miliall o) 3aY gl waadll mual Cua @l ikl @l bl delial
(CATIA) gebisd Aadia yiiad Cilymal yy bl a5 2y o JS WlSa 5 2 5l1 Wlgilise LS )
sl e CD bl (e caléind Al 4 jlenall g )Ll (4 (10 5.(Riccobono, 2013.p.36)
s Ml W 500 Gy dagn allaa Ml JS5 Laae 338l @l & Level Construction Slisy!
st Cus ((6) 4L JSE) sl Qo prenal O i nsl Ul el (B JISEY) (5 sie
(2l L5 (1959) Leapanat G Ay shall 35580 o a5 L jome (8 (g slanall LYY Jibus

7 (CATIA) Computer-Aided Three-Dimensional Interactive Application

148

|® @ This work is licensed under a Creative Commaons Attribution 4.0 International License.



https://jpd.uobaghdad.edu.iq/
https://jpd.uobaghdad.edu.iq/index.php/jpd

e doaiil) g Jadadal) dls s

j,? iy daly. \

/7 \ P-ISSN: 1996-983X

} . Journal of planner and development
R o E-ISSN: 2960-1908

- Vol 30 Issue 1 2025/4/7

agdl ALEY) Qs o) a Y Gopalall 3 5eal ) esalll 8101 &5 50 oS &) (1973)
. (Caetano& Leitd0,2019, p.5)u Y aaniy caudl JSla e 33 5 sall Jlaa)

(Riccobono, 2013.p.19) ¢35l Gy aracad cxe ¢ sl s (6) o3y J<all

L/l o (s lenal) Jlaall 35508 leal) araatll CansS) el (G
Ollaall ks 5 Wl ST Sy ) glailly 4l e Law (laninadl) 2dlisll approaches/techniques
¢4l Jsa sl Gy ol ASN 5 yun AT gl sl ¢ il Jil ol dia g ALY 5 (5 lanall
el Gkt ¥l cagsall dlaieY! a s dlall dagiill culSy dadiall S pal il
Mitchell Gl 1981 ale 8 ¢ S JS& cliiladll JOA 4 sall & yaisall 22e o) 55 .CAAD
v (B el tclus meaill Lledl) 1S40 dmes <i3 Yessioss Eastmans
Design in  the north-American Association for Computer-Aided (La\S7)s jleall
& OS] ol ae g jlexall duaiglh & lualdl 50 43854 Architecture (ACADIA)
) araaill & il g aaladll e s e J5¥ 252 (1983 ale By, (s berall preaill A jlas
Education and Research in Computer Aided ¢« (ECAADE)L s sl (& o sulall sacluse
ise ol 1985 oo 35 ¢ Architectural Design in Europe (eCAADe)
(CAD) «sulall Baeluay apanaill &l ) ghai 3y 3a8 Corgy U avean Jodi s «CAADFutures
A yeall g Agluall Z3lall Joall jaisell CaiSinl 1989 ale b sl Al 535 gt A
the International Conference on Computational and Cognitive =luY) il
S0V araaill 4 jrall g dnlual) 2 3aill resadll agd 8 22850 Models of Creative Design
(Caetano& Leitd0,2019, p.3)

s A Y1y el g siudl e CD bl (e canliin) 3l 3 jlasall o jlisall (0 (e s
A8 on Agals 5d hae Il iimg 1) ((7) o IS ) (1987) i s a2 pall allall agas g 5y
e e ) e Sl ) ARl ¢ guall dpaS 8 aSaT ¢ gaall Al AS0ilSe Cilaa g B0 (0 45 S

149

|Q @ 'This work is licensed under a Creative Commaons Attribution 4.0 International License.
BY



https://jpd.uobaghdad.edu.iq/
https://jpd.uobaghdad.edu.iq/index.php/jpd

Al g Jaladdl) Ao

P-ISSN: 1996-983X
Journal of planner and development
E-ISSN: 2960-1908

w ww Vol 30 Issuel 2025/4/7

g g 5ol 138 o V) ¢ ) el DA DB ) LeiliSiul o ol S ) apeadll cadl ¢
(Caetano&  kinetics 4Sall CUlSeyl Ge saliud s AV Shall (e aaall Gkl
.Leitdo,2019, p.4)

(1987) ddss olad el (Ju\ e (7) a3y ISl
https://www.imarabe.org/ar/l-mr szl

o Jallly Ly o cilddladlly cldmaad! abad) Jlas¥) Jgan aaad of Badadl
9 « Developers Guuskall Aghy (e Al Ala jal Jlaall ey Aial) juand) alBy i)
) o> o1 5N adBil) (e o ) o Sy A o giSEN i ga¥) gy ghal o aalad S8y S 5 Al s
(b L o Sl gmand 3R 3a 538 clliilall g cibbmadd) 35 o ¢Sy Y ¢ 3l o3a VA by ghal a3
Boadll ol a5 a0 Lan g g ) ananaill g 4 jlarall dsigh) Jlaa (A Y 5 ¢ dagal) il jlaall
. &8l g L ol i)y Y Al )

First-generation Post-folding Period-c 2 L 5 s - Js¥) Jsali5.2

A e il omabaally OOl osalall 5 eal Auad 8 5ol bl i)l s
C laall s il paisall 8 ladi) Gigaa (e Slad Aaliall saaal)l <ol apead 3eUS Cilipas
The s S aaaill g giu) QLS Lgie <)y 5 cdiall 12 JBA CD e 4kl JeYly
Ghis QUSy ¢ (McCullough, Mitchell, and Purcell 1990) Electronic Design Studio
Digital <2 areaill il s SUS 5 <Logic of Architecture (Mitchell 1990) 5 jleaall 4uxia
Visions «aiS% g5, i€y ¢ (1991 McCullough s Mitchell) Design Media
& esmlall Bacline (g jlenal) manaill Eilagf Al 5 saige Guanlli 3¢ (1992 g l)Unfolding
Sociedad e ol ¢ maaill (8 Giaill g a3l 3523 1996 ple & (CAADRIA) L
Gilapkt 486 Caagy 1997 ole A Iberoamericana de Grafica Digital (SIGraDi)

150

|@ @ This work is licensed under a Creative Commaons Attribution 4.0 International License.



https://jpd.uobaghdad.edu.iq/
https://jpd.uobaghdad.edu.iq/index.php/jpd
https://www.imarabe.org/ar/l-mr

doaiil) g Jadadal) dls s

SR
i \«‘ P-ISSN: 1996-983X
} : Journal of planner and development
X 74 E-ISSN: 2960-1908

Vol 30 Issuel 2025/4/7

U sl Lan ¢ (gmua e 15LEN 5 1 3ad A pall Cargd Sy L Baaall el il LilSa)

“11902¢2024¢ 2l & aa)e (Grisalefia, 2017, p.11) "isd 5 ) dll" audy 4 25 le ) sl

GAY) ae Uyl i) 48 jLia 5 (5 A sl ae Melilall AS i <l 503 Sy ranal 5 (157
((8) A ISy (Penttild,1999,p.8)

1980 1990 2000

alphanumerical user inte{r‘faces |

grpphical user interfaces |
corporate computing (niainframes) |

personal computing (pc)

team computing (networks)

G Y piall & Jand) Ay a5 A0 )l 5, 531 (8) o) IS
(Penttil&, 1999, p.8)

il 23 5 b Jlaaiadl) LS ¢ Rl gl sl e aaall 33Y 5 ge ¢ CAD gbig oS

e b i) olSaly L dagi yo S atanlins () ccnle Liall Jals oIS ¢ Anigl) s 4y jLanall

Jilaily hsh (3la%i Y CAD UlSa) o agd & Gl 5 shadl) il ¢ elld o, gl anll dilee
{(Riccobono, 2013.p.18) 4i 12l s asaaill i &xill e 38l Weadf (15 ¢ 5 jlanal

Jsad adadi g B ) sne 3854 (1993 sle Folding in Architecture ) Lynn's <uLUs cubia
Gle sanall gaay ae 5 5 ki adi€ oy wssi Folding ) Jsts ¢ 4ali gad (g kil z Ll
ielua Unyl Jyla s al 4als (e ((Deconstructivism <Lsail) du jlaall 8 @l sailul) 4 ki)
ClMally 305y 5yl w24 aaii | (Carpo, 2004, pplé-19)c terall aseaill 8 dudd ) 4 ks
Ay lail) adali (S5 ¢ aall s leal) Z U Cia s Al glaa g clpaly )l 5 Aaulall po Alalgial) 4l Hlaiusy]
Leinansd Sy A Al ) shall (e de sanal dnigl 5 AN Aapdall ) S IS (e 50 Gudaill
Animate 4 A& Lynnz 8 . (Oxman & Oxman,2014, p.10)aubuall-Zaad j 3 laall
il 5 Ay jlerall ziladll LAY dlis S Animation )il mal  Jlexiv) ¢ Form (1999)
«(2003) Architecture in the Digital Age "<l paall &3 leall" 4 3 Kolarevic
Jie caie dailill sapal) clallaiaall oz adiy 5 colial 5 5 jleadl duaia CVlae 0 S 8 CD Lils
>3l sall aaaill s Performance-Based Designs!a¥) le aldl) aanall

151

|® @ This work is licensed under a Creative Commaons Attribution 4.0 International License.



https://jpd.uobaghdad.edu.iq/
https://jpd.uobaghdad.edu.iq/index.php/jpd

doatill g bl dlae

P-ISSN: 1996-983X
E-ISSN: 2960-1908

Journal of planner and development

Vol 30 Issue 1l 2025/4/7

dad ) 4055 ek S (Caetano& Leitd0,2019, p.5) .Morphogenetic design
zilall casaal ) 3kl aa (5 3) 5l il Jilsl 4 New Digital Tectonics s
zam B duad Nl Aslladll 568l alall )il Jiady «lmasdl) (0 20a dis 585 <Spline 4pbaal)
Lalas 5 clgaiall Jie clgal 55 Anbull o sull Jlerinly GaLAN e 5 il daial) Lo shaall dallaay
iy CD e i (b e dale Bhpadal) Mol cilS (Jiallys (Carpo,2013, p.9) oSail
(AD)gs_lezdl araaill dlass Design Studies axaill Glul jn das Jio «Bladll an
Ll Cuatic A ariaill 5 8 jleall duxia A CD 5o L3S A& (Architectural Design
praal o sl il A Adgall daaddl CilS (g leadl Z 5 ue e s (Carpo,2012, p.8)
Ay Blida Lo gd 36 (e i JSb (g (58l (9) B JSEN ) (1993) 6l iy sdias ya Y S
sl e saaly (Baa Lo (e JS araal e Yo @l jlad) Jsha e de g ge o 5l A (S
ey (5 el bz gai oLl (g lerall () guadigall o 3 (LS (5 yial Hll) apenaill Ciida 1) ay Ll
Loa ¢ a3l (A (gl L el (Sl AlSa) iy Lan e g pdiall L) spanaill 20 e
. (Caetano& Leitd0,2019, p.4) & jexal) dus jlaall syl 30 e Jay

Future Systems 4<al 2l 1995 bl 8 ZED g,40 (10) 28, J<a
(Kolarevic ,2003, p.24)

dsdll ¢ (1992) Automation in Construction sl & el L JEa Juw e CD dallad Liasad gl cdlae lig) a8
(2012) ajlenall Ggall 3g0a Alawg «Computing International Journal of Architectural(2003) 4jlesall dawsall dulgal
astall cVlse el 4 ) Sl ele 13 el e L Wl . e s Frontiers of Architectural Research Journal
<Ll (1957)Solar Energyauedll dtall. Jhall duw o colull sSlaa dalad) @lls Lals (CD wlud CadSud <Ylie Laglsially

(Caetano& Leit%0,2019, p.4).(1976)Building and Environment il

152

|’ ;;! @ IThis work is licensed under a Creative Commaons Attribution 4.0 International License.



https://jpd.uobaghdad.edu.iq/
https://jpd.uobaghdad.edu.iq/index.php/jpd

Al g Jaladdl) Ao

P-ISSN: 1996-983X
Journal of planner and development
E-ISSN: 2960-1908

w m«»y Vol 30 Issuel 2025/4/7

Sl 220((10) &, JSally Future Systems 4S5l oill 1995 ale 3 ZED ¢ 5de Jid)
s (CFD) Computational Fluid Dynamicebesl) gl se cilSaaliny Jilas e 33l 5!
e salllyy A8l po atlaliinly (alety Lo Ul Qi eaand 2 51 iy 585 45 gaia 5 3¢S DAY e
szl 4 Gob e el G JLY eV sasi S (CFDddsd
GSadll (3o (IS ¢ CD el Jlaainly 3 ¢ 558l 138 jelal (Kolarevic ,2003,p.24) ¢ sil

el dimdl s e Gl g Ay dleall (s aenl)

(1993) ;ﬁ; ;fmg» pacst o sbily Abna 8 A5l dlaxall (9) o) IS
(Caetanod Leitdo,2019, p.4)
Cuald (la dray - WL e Al Aagall) o glal) (Gaadail ) 8 Sasaad) 4ad )l § jga¥) culaadia
Ggmlal) 3 3¢l Cils LaS ¢ Lgdlais) a3 A Basaadl dpluad) cilalal) ) Wal Al aglal) JS Jil
b oAl LI gl e Adld JiSig £ sl JSE processing data @bl dAalae Jadlly a g8
FAB

Second-generation (the 00 s) algie s& iala 3y la- AU Jali5.3

ol 38 s gy ST el ) aveaill olaily oad gaill J3a3) ol daall 128 A
Los aanaill aall ) glaiall & piiel (Al ey jlanall 4 kil 3558 ) apanail) il 0¥ a pudl ) sl
o piliy dudle ST ol g Ll g (5 plaill Jaaill 3y aty o jmall ZUY Al o aranaill 4355 e (Se
. (Caetano& Leitd0,2019, p.3)<tuall
LS A s g Lae ¢« CD Al 1) 2 cananail) GLESILY dglad) ddads (g i) (wasl) zual
3 kel dria 3 CD Jlawins) ) . adlasiasl (e Yy (il g 1Y) 3en Lae oo alle 4 el
¢ scripting dxaill dse ) JUl Jaaw e ecladill 5 Slleall (e 2y jall S JSE el

153

|® @ ’This work is licensed under a Creative Commaons Attribution 4.0 International License.



https://jpd.uobaghdad.edu.iq/
https://jpd.uobaghdad.edu.iq/index.php/jpd

doaiil) g Jadadal) dls s

7 \

/7 \ P-ISSN: 1996-983X
} : Journal of planner and development
R . )/ E-ISSN: 2960-1908

S Vol 30 Issue 1 2025/4/7

Digital <)) aiailly « Optimization Algorithms cpeaill Gl lsa s
( Oxman, 2017, pp.7-9).Fabrication

&5 2001 ale 8 (5 lanall apacaill Ly sl daigal) ) yaigall o KN She 5 il 52 Carg
Al 2 8 LS (ASCAAD) < sulall sacbusay 5 jlanall ppanaill 4 jall dpmanll jaise Gl
& CD e e S5 as ¢ the Smart Geometry Conference 483l duaigdl jaige (el
« the Performative Architecture Symposium 4y s leal) duxia 3335 3 laal) duia
853 i 2010 ale s s olenal areaill 8 ela¥) il Jalatill 5 dunigh G 8 sadl) 4l
acal Jigad 3Slas ) el Caagr (SIMAUD) 20 paall apenaill s 5 jleall dunia 3lSlas
Sl algie e Caate S (5 jlerall 2L (g i e 5 (Caetano& Leitdo,2019, p.4)ielaisy)
Frank s <l 4saa 3 ((11a) A2 JSN) Guggenheim Museum Bilbao (1997)
aall apeaill Gl )5 saaad)l avealll Claladl i 65 sl Jel sl aal 2l Gehry’s
Manufacturing il 3,k Materialization a3l s Postulating Novel Design
A 53 ) dandand) #) 1Y) i dua 5 g aaanal (g sal) sliadl) dadai el s 4ub Jexin) methods
el ) sl CadSiuy (g s e S @Bl gl A Double curved surface panels dssiall
the A sall CBliall j5 clls deld ¢ o pde DA o Clinlall Al 5l b 3 jleall duaia
The Fish Project Ui g 5 x5ay ((11b) #3, J<&l) (1989) Walt Disney Concert Hall
o gl e € ¢ Jlaall a8 315 0 aal o jliie) (S LS ((11C) a8 JSEN)(1991) 4 kil
DSl ASEN a@adl) ) Sl 2 aranall Digital 48 )l 5 Analog 4kl bl o ges
Progressive Digitalization dus xil) 4aed L et dad 5 48 Jal Aalus o8 o laill o3a «
. (Grisalefia, 2017, p.11) A8l ¢Laidl sapaa Cilingia 5Sah 5 Cilleall

% the Arab Society for Computer Aided Architectural Design
10 the Symposium on Simulation for Architecture and Urban Design

154

|® @ This work is licensed under a Creative Commaons Attribution 4.0 International License.



https://jpd.uobaghdad.edu.iq/
https://jpd.uobaghdad.edu.iq/index.php/jpd

dgaiill g Jaladall Alae

e
;)’? \" P-ISSN: 1996-983X
} . Journal of planner and development
R o E-ISSN: 2960-1908
KO Vol 30 Issue 1 2025/4/7

a)  Guggenheim Museum Bilbao 1997- https://dar-albina.sa/enA-frank-gehry

b)  the Walt Disney Concert Hall 1989- https://www.architecturaldigest.com/gallery/best-of-frank-gehry-slideshow
¢) the Fish project 1991-https://www.architecturaldigest.com/gallery/best-of-frank-gehry-slideshow
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Baghdad University / Center of Urban & Regional Planning for Postgraduate Studies
Abstract

This research investigates the concept of humanizing cities as a key approach
to fostering community engagement and enhancing the quality of life in urban
settings, with Bismayah City in Iraq serving as a case research. The research
addresses a core issue: the deficiency in social interaction and the lack of integration

between infrastructure and community activities.

It posits that applying the principles of humanizing cities can promote
social cohesion and advance sustainable development.The study employed a
comprehensive analytical methodology, including a review of theoretical
literature, field data analysis, and comparisons with global experiences. It tackled
challenges such as the shortage of green spaces, limited reliance on renewable
energy sources, and insufficient integration between public transportation and
infrastructure.The findings highlighted the importance of developing public
spaces, promoting cultural activities, and implementing sustainable environmental
solutions. The research provides practical recommendations, including activating
public participation in decision-making, enhancing the sustainability of
infrastructure, and improving the integration of various urban planning
components. It provides a theoretical and practical framework that can be applied

to similar projects in local and international contexts.

Keywords :
Humanizing Cities, Urban Planning, Sustainable Development, Community

Participation, Bismayah City, Quality of Life
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The impact of the green belt in obstruction air pollutants in the
holy city of Karbala
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University of Baghdad- College of Agriculture Engineering Sciences- Department
of Horticulture and Landscape gardening-University of Baghdad

Abstract:

The research was conducted in the Southern Green Belt Project within the
center district of the holy city of Karbala to evaluate its environmental impact and
efficiency in reducing air pollutants emitted from the industrial area adjacent to
the study area. The pollution attenuation factor (Af ) was used to measure the
effects of the green belt on impeding air pollutants. Measurements were taken
every season from winter 2023 to Autumn 2024. The results showed that the best
impedance of the green belt is when the wind speed increases in the Spring, as 7
out of 12 pollutants were impeded, and its efficiency decreased as the wind speed
decreased. In general, The green belt demonstrated weak performance in impeding
pollutants, As no significant differences were observed in pollutant concentrations
due to the small width of the green belt, poor distribution of trees, and failure to
follow scientific standards when selecting trees and planting sites. The study
recommended increasing the width of the belt to 1000 meters and planting trees
suitable for absorbing and blocking pollutants, and planting them in a way that
helps curb air currents passing through the green belt. The research proposes to
evaluate the efficiency of the Southern Green Belt Project implemented in Karbala
Governorate and its role in obstructing some air pollutants and its effectiveness in

improving the environmental reality of the center district.
Keywords: Green belt, disability factor, Karbala city, Air pollution.
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1.Introduction:

The green belt refers to open spaces encircling cities designed to preserve
the natural environment, enhance residents' quality of life, and restrict unplanned
urban sprawl. These areas consist of natural, forested, or agricultural land that
either already exists or is intentionally developed through coordinated planning
around urban regions or within specific zones. Typically crescent-shaped, green
belts comprise diverse vegetation, including trees, shrubs, grasses, and
windbreaks, and may also feature water bodies, nurseries, and meadows. They
often serve as green corridors connecting urban areas to surrounding natural
landscapes (Zepp, 2018, p. 8; Muthusaravanan et al., 2018, p. 1350) (Sundus et
al., 2024,p1783)

The green belt concept is widely regarded as a universal approach to
controlling urban expansion by establishing defined boundaries around cities and
their adjacent open lands. This strategy emerged alongside modern urban planning
practices in the 19th century. Moreover, green belts are a key urban planning tool
for managing urban growth at regional and sub-regional scales (Diener & Mudu,
2021, p. 11).

Greenbelts face numerous challenges, such as urban and economic
expansion and the growing demand for land. Despite these pressures, they remain
a vital urban planning tool. Serving as invisible boundaries, greenbelts help
preserve natural spaces, enhance air quality, and offer recreational opportunities
for urban dwellers. While their effectiveness varies by location and country, their
significance as a planning strategy remains indispensable, even in the face of

opposition from some planners (Semeraro et al., 2021, p. 18.)
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One of the key environmental benefits of greenbelts is their role in air
pollution mitigation. Vegetation within greenbelts functions as a carbon sink,
absorbing CO,, and some tree species are particularly effective at removing air
pollutants. These trees can intercept significant dust and industrial emissions
(Abdulwahab, 2024, p. 71). Green barriers also reduce noise pollution, serving as
sound buffers along busy highways and industrial zones. Additionally, many
plants are capable of capturing atmospheric dust and reducing toxic gases like
sulfur dioxide (SO.), carbon dioxide (CO,), and nitrogen oxides (NOx). Research
has shown that certain tree species can absorb harmful substances such as
hydrogen fluoride and SO,, as well as sequester heavy metals like mercury (Hg)
and lead (Pb). Once absorbed, these pollutants are transformed into harmless
compounds through natural physiological processes (Grote et al., 2016, p. 545)
(Al-Hamd & Jasim, 2024,p.95).

However, not all trees are equally effective in combating air pollution; only
species that can tolerate pollutants can serve as pollution attenuation Such as
eucalyptus, albizia and oleander (Mahdi & Jasim, 2024,p.2). Expanding
vegetation in urban, suburban, and industrial areas offers significant potential to
address air quality issues. Plants mitigate pollution through three primary
mechanisms: absorbing pollutants via their leaves, trapping particulate matter on
leaf surfaces, and reducing airspeed to promote the deposition of particles onto the
ground (Watanabe, 2015, p. 171.)

United Kingdom pioneered the concept of greenbelts, incorporating them
into its urban planning policy in 1947. This approach has since gained widespread
acceptance worldwide, including in Europe, Asia, and the Americas. One notable

example is the Seoul Green Belt in South Korea, established in the 1970s.
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Covering over 5,000 square kilometers around the capital, Seoul, this
greenbelt curbs urban sprawl, preserves forests, improves air quality, and provides

spaces for outdoor activities.

In North Africa, the Great Green Wall project stands out as one of the
largest collaborative greenbelt initiatives. Spanning 8,000 kilometers across
countries such as Senegal, Mali, and Nigeria, this project aims to combat
desertification, mitigate the impacts of climate change, and enhance soil quality
and the environment. Similarly, China’s Shanghai Green Belt is part of a broader
plan to improve air quality and reduce pollution. This greenbelt surrounds the city
with expansive forests and parks, enhancing the local climate and offering

recreational spaces for residents.

Air pollution originates from both natural and human-made sources.
Natural sources include wind-borne dust, volcanic emissions, and sea salt
aerosols. In contrast, human activities—such as heavy industry, vehicle emissions,
and mining—release vast quantities of pollutants, including SO,, NOx, particulate
matter, and heavy metals, making them the primary contributors to air pollution
(Alwan & Alrikabi, 2021, p. 77.)

evaluate the effectiveness of green belt projects in mitigating air pollution,
researchers have developed various measurement methods, including the Pollution
Mitigation Factor (Af). This mathematical tool estimates the efficiency of green
belts in reducing air pollutant concentrations by comparing the amount of
pollutants reaching a specific location with and without the green belt's presence.
It has been widely applied in the design of green belts to enhance air quality and
protect urban areas (Chaphekar et al., 2021, p. 430).
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In 2003, Shannigrahi and colleagues conducted a study to reduce air
pollution around the Victoria Memorial in Kolkata, India. The study aimed to
mitigate pollution from nearby industrial sources and protect the monument from
environmental deterioration by designing and implementing a scientifically
planned green belt. Air quality was monitored during three distinct seasons—
summer, winter, and the rainy season—using advanced measuring devices. The
researchers employed the Pollution Mitigation Factor (Af) equation, which proved
to be a valuable tool for the scientific and effective design of green belts,
ultimately contributing to reduced environmental impacts and improved

sustainability.

The study recommended establishing a green belt with a width of 50 to 70
meters, composed of dense rows of shrubs about 5 meters tall and taller trees
reaching up to 15 meters, selected for their high pollutant absorption capacity.
Specific plant species, such as neem (Azadirachta indica), acacia (Acacia
ehrenbergiana), and mango (Mangifera indica), were highlighted for their
suitability. The researchers also emphasized optimizing the internal distribution of
trees to minimize the horizontal and vertical dispersion of pollutants, thereby

enhancing the green belt’s efficiency in reducing environmental pollution.

Moreover, the study extended its findings to assess a green belt project
implemented in the Karbala Governorate. It focused on measuring the green belt's
role in obstructing air pollutants, particularly those emitted by a nearby industrial
zone. The evaluation demonstrated the project’s effectiveness in improving the
city's environmental conditions, further highlighting the importance of
scientifically planned green belts as sustainable solutions for urban pollution
challenges.
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3.Materials and Methods
3.1 Study Area:

Karbala Governorate is situated in Middle Iraq, approximately 105 km south of
the capital, Baghdad. The region experiences a desert climate, with summer
temperatures often exceeding 45°C, while winters are relatively mild (Table 1).
Karbala is one of the governorates most affected by dust storms and
desertification throughout the year due to its proximity to the western plateau.
These challenges are compounded by the expansion of industrial and mining
activities, the increasing number of vehicles, and population growth at the expense
of wetlands (Alhesnawi et al., 2019, p. 9342).

To address these environmental challenges sustainably, the local government of
Karbala has undertaken initiatives to expand green spaces, particularly in the city
center this focus on increasing vegetation and urban greenery became a priority,
especially following the year 2003.

(Salman, 2016, p. 260) Also, the reuse of the green belt as an environmental
means to reduce air pollution and limit desertification. The green belt was
included in the basic design of the city in 1977. It was approximately 200 m wide
and bordered the new neighborhoods from the south. There is also a part from the
east with the same width to cover the industrial neighborhood area, Figures (1)
and (2). The presence of the green belt became fixed in all subsequent designs as a

basic element in the design*
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*Archive of plans and designs in the Urban Planning Department - Karbala
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Figure 1: The greenbelt1977,southern-eastern greenbelts1990 with sectors and
greenbelt2020 (Source : Researcher, ArcMap 10.7 program &Urban Planning
Department, Karbala).

The southern green belt, which serves as the study area, is situated along the
administrative borders of the central district municipality. It borders the city from
the south and extends partially to the east and west, with a width of 100 meters
and a length of approximately 23.5 km, covering an area of 2,350,000 m2. This

green belt was incorporated into the city’s master
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3.2 Selection of a Green Belt Section for Air Sampling

To collect air samples and measure the Pollution Mitigation Factor (Af) for
the southern green belt in the holy city of Karbala, a specific section of the belt
was chosen within sector No. 4. This particular section is strategically located 3.6
km west of the city’s primary industrial area, which includes various heavy and
medium industries such as paint manufacturing, construction materials
production, and asphalt factories. These industries emit significant amounts of
fumes and pollutants into the air(Mahdi et al., 2020,p1162).

On the opposite side of the green belt lie residential areas, with the
prevailing wind direction blowing perpendicularly from the industrial zone
towards the residential areas. This positioning enhances the green belt’s critical
role in acting as a protective barrier, reducing the spread of air pollutants and dust

to the nearby urban areas (Figure 2).

Wind direction

A P ive B

Monitoring points.
Industrial area

Figure 2: Air sampling site and industrial area in the center district (study area)
(Source: Researcher, ArcMap 10.7 program).
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3.3 Measuring the Pollution Attenuation Factor (Af):

To determine the pollution attenuation factor (Af), the equation proposed by
Shannigrahi et al. (2003) was applied:

Af =22 (D)

ow
Where:

« Af = Pollution attenuation. factor

. QWB = Pollutant mass flux reaching a distance in the absence of the green
belt

« QB = Pollutant mass flux reaching a distance in the presence of the green
belt

« When the attenuation factor (Af) < 1, there is no effect.

« When the attenuation factor (Af) > 1, the green belt has an effect in

reducing the pollutant concentration.

The Gaasmet DX4040 device (Appendix 1) was employed to measure pollutant
concentrations. This portable gas analyzer uses FTIR (Fourier-transform infrared
spectroscopy) technology to analyze air composition by examining the light
spectrum emitted from samples. This method allows the device to detect a wide
range of gases and measure their concentrations with high precision.

The Gaasmet DX4040 can quickly and accurately detect more than 25 different
gaseous compounds, including volatile organic compounds (VOCs), carbon
dioxide (CO,), carbon monoxide (CO), ammonia (NH3), methane (CH,), and

others. Its versatility makes it suitable for various applications, including
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environmental monitoring, industrial emissions analysis, and occupational
health and safety assessments (Kohl et al., 2019, p. 3324).

To ensure the consistency of readings, wind direction was monitored using
meteorological data from the Razzazah station of the Government Agricultural
Observatory (Figures 4 and 5). Additionally, data from global climate platforms
linked to reliable official sources, such as the Global Forecast System (GFS) and
the European Centre for Medium-Range Weather Forecasts (ECMWEF), were
utilized. Remote sensing techniques were also employed, providing real-time
monitoring and spatial analysis capabilities. These tools enabled the extraction of
critical indicators to confirm that the wind direction was perpendicular to the
selected section of the green belt where measurements were conducted (Ebraheem
etal., 2021; Hussein, 2023, p. 95).

3.4 Procedure for Air Sample Collection:

To collect air samples, a field team consisting of an observer, a device
operator, and an assistant was assembled. The team used a mobile station
equipped with the Gasmet DX4040 device, which was mounted at a height of
three meters above the ground in front of the green belt. The device was left
running until the readings stabilized. Once stabilized, the data logger recorded the
readings on a pre-prepared sheet, which included details such as the date, time,
and climate conditions (e.g., temperature, wind direction, humidity, and
atmospheric pressure). The sheet also listed the various gases and pollutants that
the device could measure(Al-Fatlawi & Jasim, 2019,p175)
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After transferring the data from the device to the field worksheet, the
accuracy of the entries was verified by another team member as part of a double-
checking process. Upon confirmation, the reading was approved, and the device

was powered down (Bandara et al., 2021, p. 8).

Then, the site is moved to a location at the same distance from the pollution
source, but without the green belt, and the process is repeated again. The
measurements were taken on four dates: (01/28/2024), (04/24/2024, (07/03/2024,
10/06/2023)), in order to represent the diversity of the seasons of the year.

3.5 Statistical analysis:

The concentrations of pollutants were analyzed using an independent samples t-
test to compare measurements taken in the presence and absence of the green belt.
The analysis was conducted with a 95% confidence level (o = 0.05) utilizing the
SPSS statistical software(Al-Ataby & Altmimi, 2021,p5)
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4.Results and discussion

Table 1. Climate Data for the Study Area During the Sampling Period

(Source: Website of the Agricultural Observatory, Ministry of Agriculture)

Minimum Maximum Average Relative | Rainfall | Average | Month
Temperature | Temperature | Temperature | Humidity | (mm) Wind
°C) °C) (°C) (%) Speed
(m/s)
8.1 20.6 13.9 62 9.9 5.43| Dec-23
6.42 19.79 12.81 59.6 1.1 54| Jan-24
7.64 19.29 13.42 65.8 41.5 5.59| Feb-24
9.16 24.06 16.51 50.6 10.9 6.73 | Mar-24
16.92 33.67 25.29 35.4 6.7 7.85| Apr-24
19.85 35.45 27.84 335 29.7 7.39 | May-24
27.39 45.43 36.65 32.35 0 7.17 | Jun-24
27.94 44.89 36.77 16.72 0 8.22 | Jul-24
27.39 45.44 36.65 16.34 0 4.43 | Aug-24
23.84 42.44 32.79 21.6 0 1.52| Sep-23
19.2 34.06 26.27 34.63 1.1 1.43| Oct-23
13.4 25.77 18.86 55.98 8.1 1.55| Nov-23
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Table 2: presents normal value (N.V) , the measured pollutant levels with and without the presence of
the old green belt and the Pollution Attenuation Factor (Af) across four seasons during the study period.

06/10/2023/Autumn 03/07/2024/Summer 24/04/2024/Spring 28/01/2024/Winter DATE
10.00AM 9.15AM 9.25AM 9.12AM 10.15AM 10.00AM 9.45AM 9.15AM TIME
Af outside | inside the belt Af outside | inside the belt Af outside | inside the belt Af outside | inside the belt p'\;i.r}n/* Variables
100} 40136 399.72 LOL | 415 412.76 0L 4o1s 418 1.00 | 41072 410.78 PN co2
0 0 0 0 0 0.22 0 0 315 co
21 019 0.17 L8 1 926 0.24 080 | o4 03 0971 028 0.29 0.3 N20
0 0 0941 174 1.85 0991 169 17 0 1.49 P CH4
095\ 085 0.58 L4404 0.32 071 017 0.24 0 0 0.1> Butan
0 0 078 | 038 0.49 L8102 0.16 0 0 o Benzene
1051 04 0.21 0 0 0 0 0 0 (‘)’15 Eethyl benzen
07T os 0.28 085 1 23 0.27 100 oo 0.21 0 0 (‘)’15 M-xylene
0 0 029 | 002 0.07 0 0.03 0 0 o Acitic Acid
1001 05 0.25 0 0 0 0.07 185\ 024 0.13 (%’15 Formaldehhyde
1041 529 0.28 L8 L1 2.06 1981 4 0.71 0 0 (%’15 Acetaldehyde
0 0 090 0.37 0.41 125 0.25 0.2 155 0.17 0.11 0.1> | Hydrogen cyanide
0 0 L7 0.35 0.2 0 0 0 0 0.1> Chlorobenzene
0 0 0.01 0 0 0 0 0 0.1> phosgene
L0811 013 0.12 097 | 086 0.58 L5408t 0.37 0471 o7 0.15 o Amonia
Rl P 0.12 0 0 0 0 0 0 o HCL
0 0 082 | 014 0.17 0 0 0 0 o HF
0 0 0 0 L5271 oss 0.23 0901 026 0.29 o NO2
0 0 0001 0.36 181 g 0.99 L5 1 236 1.63 o NO
1281 09 0.07 088 | oo 0.08 el 0.49 LT 7 0.69 o 502
ave. ave. ave. ave. N.V microclimat
29 29 29 85| g 39 3 35 31 105 | 11 10 40-10 TEMPC
351 45 315 351 45 315 35 1 48 315 351 35 315 365-0 WD deg
Al B 443 3 4 443 4 4 4 2L g 2.1 s WS kmvh
2851 5 2 42 ) 2 65| & 66 7 | 65 65 70-15 RH%
1001 1001 1001 1002 1004 1000 1013 1013 oW | PRESS mbar

*sours EPA,WHO world health statistics 2024
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Table 2 shows that the highest values of the Pollution Reduction Factor (Af) were

observed during the Spring season. The green belt was able to reduce the levels of

seven out of twelve measured air pollutants and also lowered the temperature, The

best (Af) of pollutants was 1.93 in Acetaldehyde after attenuation.. During

autumn, six out of the ten measured pollutants showed a reduction in

concentration. Similarly, during the summer season, a decrease was observed in

five out of the 14 analyzed pollutants.

Table3 :the amount of deference in pollutant concentrations after dilution

Winter spring summer | autumn _
Conc.ppm | Conc.ppm | Conc.ppm | Conc.ppm Variables
-0.06 3.5 2.24 1.64 CO2
0 -0.22 0 0 CO
-0.01 -0.06 0.02 0.02 N20
-1.49 -0.01 -0.11 0 CH4
0 -0.07 0.14 -0.03 Butan
0 0.1 -0.11 0 Benzene
0 0 0 0.01 Eethyl benzene
0 0 -0.04 0.02 M-xylene
0 -0.03 -0.05 0 Acitic Acid
0.11 -0.07 0 0 Formaldehhyde
0 0.66 0.06 0.01 Acetaldehyde
0.06 0.05 -0.04 0 Hydrogen cyanide
0 0 0.15 0 Chlorobenzene
0 0 0.01 0 Phosgene
-0.08 0.2 -0.02 0.01 Amonia
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0 0 0 0.02 HCL
0 0 -0.03 0 HF
-0.03 0.12 0 0 NO2
0.73 0.38 -0.36 0 NO
0.01 -0.05 -0.01 0.02 SO2

Table 3 reveals that carbon dioxide exhibited the most significant reduction, with

a decrease of 3.5ppm. In contrast in spring, the lowest reduction values were

observed during the winter season in October, where only four out of eight

pollutants showed a decrease. Among these, nitrogen monoxide NO demonstrated

the highest reduction, with a concentration decrease of 0.73 ppm..

= winter == spring summer == gutumn
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Figure (3) The amount of difference in sample concentration according to the

seasons of the year in (ppm) As depicted in Figure 3, the highest concentration
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difference was observed for CH, during the winter, with a value of -149
ppm. The best results for concentration differences among the seasons were
recorded in spring and autumn, ranging between 0.01 ppm for SO, and N,O, and
1.64-2.24 ppm for CO,.

Table (4) shows the (t-test) results with a 95% confidence level (o = 0.05) for the

concentration of pollutants with and without the green belt for all seasons

Independent Samples Test

t-test for Equality of Means
Sig. (2- Mean Std. Error
tailed) Difference Difference
Equal variances assumed
_ _ _ .868 -7.44033- 44.16716
Variables_spring Equal variances not
870 -7.44033- 4477837
assumed
Equal variances assumed
_ _ .998 -.15636- 51.22773
Variables_Autumn| Equal variances not
.998 -.15636- 51.22773
assumed
_ Equal variances assumed
Variables_ ) 183 51.64723 37.82312
Equal variances not
Summer 164 51.64723 35.30168
assumed
) Equal variances assumed
Variables_ _ 999 .08444 64.45687
Equal variances not
Summer 999 .08444 64.45687
assumed

Table 4 illustrates that no statistically significant differences were observed in
pollutant concentrations with and without the green belt across all seasons, as
determined by the Independent Samples t-test analysis at the 0.05 significance

level.

219

|® @ This work is licensed under a Creative Commaons Attribution 4.0 International License.



https://jpd.uobaghdad.edu.iq/
https://jpd.uobaghdad.edu.iq/index.php/jpd

dgaiill 5 ahaa ) dlas

P-ISSN: 1996-983X
E-ISSN: 2960-1908

Journal of planner and development

Vol 30 Issuel 2025/4/7

Wind speed measurements, recorded at 4.43 m/s, highlight the significant role of
wind and ventilation in enhancing the efficiency of green belts or green barriers.
These elements contribute to the dispersal of gases and suspended particles in the
air (Xing & Brimblecombe, 2019, p. 79; K. H. Alwan & Omran, 2023, p. 3).
However, despite the advanced age and vitality of the trees, the green belt's impact
remains limited. This can be attributed to the narrow width of the belt, which is
only 100 meters (Figure 2). This width is insufficient, particularly given that the

surrounding area is dominated by heavy industry.

Figure (3) Part of Section No. (4) within the old southern green belt project in the
center district affiliated with the holy Karbala Governorate / study area.
(Researcher, photographed by drone)

Studies from European countries suggest varying green belt widths depending on

the proximity to pollution sources. In Germany, green belts range from 100 meters

around commercial centers to 2,000 meters around heavy industries,
especially those located in isolated areas known for significant pollution. In the
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Netherlands, green belt widths range from over 500 meters for heavy industries to
50 meters for lighter, non-polluting industries (Z. Zhang et al., 2022).
Additionally, the tree planting arrangement did not fully account for the
conditions required for effective windbreaks and green barriers. The trees were
planted in parallel rows, which allowed wind to pass through, with palm trees
spaced 10 meters apart and olive trees in between (Figure 6). According to Ely
(2010, p. 52), tree planting should follow a triangular pattern to improve
effectiveness, with a spacing of 4.5 meters between plants and rows for smaller
trees, and 6-7 meters for medium trees. Larger trees should be placed further
apart, with distances of 8-10 meters depending on available space. Planting at
closer distances is recommended to increase tree density, thus expanding the leaf
surface area exposed to pollutants.

The green belt consists of three tree species: olive (Olea europaea),
eucalyptus (Eucalyptus camaldulensis), and date palm (Phoenix dactylifera)
figure 3 , While these trees are classified as having a high Air Pollution Tolerance
Index (APTI) (Alhesnawi et al., 2019, p. 9345), The palm tree does not fulfill the
necessary criteria required for the effective construction of windbreaks. and dust-
trapping plants should have specific characteristics that align with the
requirements of the green belt. These include a rapid growth rate, fast canopy and
leaf development, strong branches, and a sturdy canopy that can withstand storms.
Trees with large leaf sizes, high leaf density, and interwoven leaves are preferable
The plants should be perennial, evergreen, and possess a large leaf area to
maximize pollutant retention. Dense, branched limbs also contribute to better

pollutant trapping. Moreover, trees should have long lifespans to ensure the
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longevity of the green belt. Local plants that are adapted to the area and
resistant to known air pollutants are ideal, as they help maintain the environmental
and hydrological balance (Muerdter et al., 2018, p. 598).

While vegetation can offer some benefits in improving air quality, it should be
noted that the role of plants in removing pollutants is limited, with removal rates
generally around 2%. Studies show that the clean, fresh air in gardens is primarily
due to dispersion and ventilation processes, rather than the deposition of
pollutants on plant leaves (Tang, 2023, p. 10) (Hussain & Jasim, 2019,p973)

5.Conclusion:

e The findings indicate that the southern green belt in Karbala City does not

have a significant effect on reducing air pollutant concentrations.

o If the distribution of plants within a green belt is not adequately dense and
follows a pattern that permits unimpeded air flow, the effectiveness of the
green belt in reducing air pollutant concentrations is significantly

diminished.
6.Recommendations:

« Increase the width of the green belt to 1000 meters, as the surrounding area

includes heavy and medium industries.

. Plant tree species suited for absorbing and obstructing pollutants, ensuring
the planting arrangement helps mitigate air currents passing through the

green belt.
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« Conduct additional studies in other sections of the green belt, focusing
specifically on the role of plant density in influencing the extent of pollutant

mitigation.

7.Acknowledgments:

We would like to express our sincere thanks and gratitude to the management and
staff of the Green Belt Project in the holy city of Karbala for providing the
opportunity to conduct this study. Special thanks to the project manager, Mr.
Nasser, and all other team members for their cooperation and assistance in making

this research a success.
8.References:

1- Abdulwahab, A. Z. (2024). The role of green areas in reducing air pollution in
Karbala. 29(2), 68-95.

2- Al-Ataby, I. K., & Altmimi, A. 1. (2021). Testing the relationship between air
temperature and relative humidity by using t-test for some selected stations in
irag. Al-Mustansiriyah J. Sci, 32(2), 1-7.

3-Al-Hamd, J. H., & Jasim, S. N. (2024). A Comparative Analysis of Biochemical
Indicators for air pollution in three Species Tree Planted Within the Greenbelt
Project in Karbala province, Irag. Basrah Journal of Agricultural Sciences,
37(2), 194-205.

4- Al-Fatlawi, M. A., & Jasim, S. N. (2019). STUDY OF SPATIAL
DISTRIBUTION OF VEGETATION INDEX OF AL-ZAWRA
AMMUSEMENT PARK IN BAGHDAD AREA USING
GEOTECHNIQUES. The Iraqgi Journal of Agricultural Science, 50, 173-181.

5- Alwan, K. H., & Omran, S. H. (2023). Asmarat inventory interpretation for

223

|® @ This work is licensed under a Creative Commaons Attribution 4.0 International License.



https://jpd.uobaghdad.edu.iq/
https://jpd.uobaghdad.edu.iq/index.php/jpd

P N dgaiil) y lad o) Al

/77 275N\ P-ISSN: 1996-983X
} : Journal of planner and development
% 7 E-ISSN: 2960-1908

Vol 30 Issuel 2025/4/7

tourism land use planning and growth management. IOP Conference Series:
Earth and Environmental Science, 1129(1), 12037.

6- Alwan, W. S., & ALrikabi, N. K. (2021). Enviromental impact assessment of
cement industry using Leopold Matrix. Journal of the Planner and
Development, 26(2).

7- Bandara, K. M. T. S., Sakai, K., Nakandakari, T., & Yuge, K. (2021). A low-
cost NDIR-based N20 gas detection device for agricultural soils: Assembly,
calibration model validation, and laboratory testing. Sensors (Switzerland),
21(4), 1-16. https://doi.org/10.3390/s21041189

8- Chaphekar, S. B., Madav, R. P., & Ghate, S. S. (2021). Green Belts for
Sustainable Improvement of Air Quality. Handbook of Ecological and
Ecosystem Engineering, 423-435.
https://doi.org/10.1002/9781119678595.ch23

9- Diener, A., & Mudu, P. (2021). How can vegetation protect us from air
pollution? A critical review on green spaces’ mitigation abilities for air-borne
particles from a public health perspective - with implications for urban
planning.  Science of the Total Environment, 796, 148605.
https://doi.org/10.1016/j.scitotenv.2021.148605

10- Ebraheem, M. A., Ebraheem, A. K., Hasan, S. A., & Faleeh, M. K. (2021).
The Importance of Spatial Indicators to Producing Development Plans.

Journal of the Planner and Development, 26(1).

11- Ely, M. E. (2010). Integrating trees into the design of the city: expert opinions
on developing more sustainable practices for planting street trees in

Australian cities.

224

|® @ This work is licensed under a Creative Commaons Attribution 4.0 International License.



https://jpd.uobaghdad.edu.iq/
https://jpd.uobaghdad.edu.iq/index.php/jpd

il  Jalad o)) Alas

P-ISSN: 1996-983X
E-ISSN: 2960-1908

Journal of planner and development

Vol 30 Issuel 2025/4/7

12-Grote, R., Samson, R., Alonso, R., Amorim, J. H., Carifianos, P., Churkina, G.,
Fares, S., Thiec, D. Le, Niinemets, U., Mikkelsen, T. N., Paoletti, E., Tiwary,
A., & Calfapietra, C. (2016). Functional traits of urban trees: air pollution
mitigation potential. Frontiers in Ecology and the Environment, 14(10), 543—
550. https://doi.org/10.1002/fee.1426

13- Hussain, H. N., & Jasim, S. N. (2019). Landscape design on the sides of the
Baghdad-Babel road "an applied model for a rest area. Iraqgi Journal of
Agricultural Sciences, 50(4), 972-981.
https://doi.org/10.36103/ijas.v50i4.741

14- Kohl, L., Koskinen, M., Rissanen, K., Haikarainen, 1., Polvinen, T., Hellén,
H., & Pihlatie, M. (2019). Technical note: Interferences of volatile organic
compounds (VOCs) on methane concentration  measurements.
Biogeosciences, 16(17), 3319-3332. https://doi.org/10.5194/bg-16-3319-2019

15- Mahdi, B. H., Yousif, K. M., & Dosky, L. M. S. (2020). Influence of
meteorological parameters on air quality and other pollutants in Duhok city,
Iraq. The Iraqi Journal of Agricultural Science, 51(4), 1160-1172.

16- Mahdi, S. A., & Jasim, S. N. (2024). Utilizing Geospatial Techniques for
Change Detection of the Baghdad Campus landscape From 1988 to 2022. IOP

Conference Series: Earth and Environmental Science, 1371(4), 42045.

17- Muerdter, C. P., Wong, C. K., & Lefevre, G. H. (2018). Emerging investigator
series: The role of vegetation in bioretention for stormwater treatment in the
built environment: Pollutant removal, hydrologic function, and ancillary
benefits. Environmental Science: Water Research and Technology, 4(5), 592—
612. https://doi.org/10.1039/c7ew00511c

225

|® @ This work is licensed under a Creative Commaons Attribution 4.0 International License.



https://jpd.uobaghdad.edu.iq/
https://jpd.uobaghdad.edu.iq/index.php/jpd

il  Jalad o)) Alas

P-ISSN: 1996-983X
E-ISSN: 2960-1908

Journal of planner and development

Vol 30 Issuel 2025/4/7

18- Muthusaravanan, S., Sivarajasekar, N., Vivek, J. S., Paramasivan, T.,
Naushad, M., Prakashmaran, J., Gayathri, V., & Al-Duaij, O. K. (2018).
Phytoremediation of heavy metals: mechanisms, methods and enhancements.
Environmental Chemistry Letters, 16(4), 1339-1359.
https://doi.org/10.1007/s10311-018-0762-3

19- Salman, R. K. (2016). Urban uses of water in Iragi cities case study cities of

the Middle Euphrates. Journal of the Planner and Development, 21(2).

10- Semeraro, T., Scarano, A., Buccolieri, R., Santino, A., & Aarrevaara, E.
(2021). Planning of urban green spaces: An ecological perspective on human
benefits. Land, 10(2), 1-26. https://doi.org/10.3390/1and10020105

11- Sh. M. Alhesnawi, A., M. Alsalman, I., & Abd. Najem, N. (2019). Some
Physical and Chemical Characteristic of Dust Falling on Kerbela City, Iraqg.
Journal of Engineering and Applied Sciences, 14(6), 9340-9344.
https://doi.org/10.36478/jeasci.2019.9340.9344

12- Shannigrahi, A. S., Sharma, R. C., & Fukushima, T. (2003). Air pollution
control by optimal green belt development around the Victoria Memorial
Monument, Kolkata (India). International Journal of Environmental Studies,
60(3), 241-249. https://doi.org/10.1080/0020723022000008202

13- Sundus, A. A., Jasim, S. N., & Al-kaissi, S. M. (2024). Effect of the cultural
and natural environment on the design of green urban spaces for the salhia
complex. Iragi Journal of Agricultural Sciences, 55(5), 1781-1791.

14- Tang, K. H. D. (2023). Green Walls as Mitigation of Urban Air Pollution: A
Review of Their Effectiveness. Research in Ecology, 5(2), 1-13.
https://doi.org/10.30564/re.v5i2.5710

226

|® @ This work is licensed under a Creative Commaons Attribution 4.0 International License.



https://jpd.uobaghdad.edu.iq/
https://jpd.uobaghdad.edu.iq/index.php/jpd

il  Jalad o)) Alas

S\ P-ISSN: 1996-983X
} : Journal of planner and development
R 7 E-ISSN: 2960-1908

RO Vol 30 Issuel 2025/4/7

15- Using GIS to identify hazardous earthquake locations in Iran. (2023). 8.

Watanabe, Y. (2015). Canopy, leaf surface structure and tree phenology: Arboreal
factors influencing aerosol deposition in forests. Journal of Agricultural
Meteorology, 71(3), 167-173. https://doi.org/10.2480/agrmet.D-14-00011

16- Xing, Y., & Brimblecombe, P. (2019). Role of vegetation in deposition and
dispersion of air pollution in urban parks. Atmospheric Environment,
201(December 2018), 73-83. https://doi.org/10.1016/j.atmosenv.2018.12.027

17- Zepp, H. (2018). Regional green belts in the ruhr region a planning concept
revisited in view of ecosystem services. Erdkunde, 72(1), 1-22.
https://doi.org/10.3112/erdkunde.2018.01.01

18- Zhang, Z., Duan, H., Shan, S., Liu, Q., & Geng, W. (2022). The Impact of
Green Credit on the Green Innovation Level of Heavy-Polluting
Enterprises—Evidence from China. International Journal of Environmental
Research and Public Health, 19(2). https://doi.org/10.3390/ijerph19020650

227

|® @ This work is licensed under a Creative Commaons Attribution 4.0 International License.



https://jpd.uobaghdad.edu.iq/
https://jpd.uobaghdad.edu.iq/index.php/jpd

