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ABSTRACT

The study presents an applied model of how GIS technology can be used to analyze spatial information and highlight
the spatial relationships between them. The research relied on studying the areas of distribution of educational
services in the city of Basilia, one of the cities located in the Syrian capital, Damascus. It then extracts the spatial
relationships and the nature of the distribution of educational services within the region, identifies the service areas
and access distances for each category, and compares them with the approved standards. GIS technology is a good
tool for this type of applied study, where maps, spatial classifications, and distributions of services can be entered,
and Spatial Analyst and Spatial Statistics tools can be used in modeling and analysis. These tools highlight the
relationship in the spread of services within the region, assess the pattern of spread, identify places that lack those
services, and support the development of recommendations aimed at sustainable urban planning.
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1. INTRODUCTION

In the ever-evolving landscape of urbanization, the imperative
to practice sustainable urban planning arises to meet the needs
of current generations without compromising the ability of
future generations to meet their own, and the synergy between
technological advancements and project management method-
ologies has become paramount [1]. Within this context, the
Architectural, Engineering, and Construction (AEC) industry
is considered the primary driver of global development [2]. It
plays a pivotal role in shaping our cities and economies. Two
transformative technologies—Geographic Information Sys-
tems (GIS) and Building Information Modeling (BIM)—have
emerged as catalysts for change.

1.1 Beyond Traditional Methods
The AEC industry, like other industries, benefits from Infor-

mation and Communication Technology (ICT) [3]. The cru-
cial need for innovative, sophisticated, and complex projects
in the AEC industry, with detailed specifications, renders
con-ventional approaches inadequate in performance and
produc-tivity [4]. Shifting away from conventional methods
towards sustainable and eco-friendly approaches is essential

[5].
1.2 BIM: Global Trends and Local Context

BIM is considered an innovative way of addressing the many
problems that arise in the design, construction, and mainte-
nance of buildings [6].

Developed countries have acknowledged the advantages of
BIM and view it as the future standard for the AEC indus-
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try [7]. However, developing countries are still in the nascent
phase of investigating BIM and seeking effective practical
strategies for its adoption [7]. BIM usage in these regions
remains at level O or level 1, and the gap between levels 1 and
3 continues to widen [8].

Syrian AEC projects are currently at BIM Maturity Level
0, indicating that there is minimal implementation of BIM
in these projects. In addition, there is a scarcity of research
related to BIM in the AEC industry in Syria, and awareness
about BIM remains very low [9].

1.3 GIS: Enhanced Accessible Data by Mapping the Urban

GIS provides a comprehensive view of urban dynamics. By
integrating layers of information ranging from land-use pat-
terns and transportation networks to environmental factors,
planners gain insights that transcend traditional approaches.
The ability to visualize data spatially empowers decision-
makers to create more informed, efficient, and sustainable
urban environments.

1.4 Syria’s Urgency for Sustainable Urban Planning

During the 11 years of war, Syria suffered tens of thousands
of lives lost, and millions were displaced and forced to mi-
grate. This context underscores the urgency of sustainable
urban planning, as cities strive to rebuild and create resilient
environments for their inhabitants. The scars of conflict de-
mand thoughtful reconstruction, where GIS and BIM play
pivotal roles in shaping a brighter future. The rehabilitation
of public facilities has also become one of the most frequently
discussed initiatives among humanitarian organizations in-
volved in post-war recovery efforts [10].

1.5 The Power of Synergy: GIS-BIM Integration

The integration of BIM and GIS is transforming the fields
of design and spatial data analysis. This synergy enhances
visualization, supports data-driven decision-making, and sim-
plifies processes [11]. BIM provides a digital description of
the building process, while GIS captures, manages, and ana-
lyzes spatially georeferenced data. Together, they empower
smart cities by combining realistic modeling, precise location
information, and holistic insights for sustainable urban de-
velopment. The joint use of BIM and GIS is a current trend
in 3D city modeling, bridging the gap between design and
spatial data.

2. RELATED WORK

2.1 Overview

Since its inception in the 1970s, GIS has been instrumental
in urban infrastructure planning and development [12]. It
facilitates the analysis of collected data, making it easier to
implement various proposals [13]. GIS applications play a
crucial role in smart urban development by addressing neces-
sary issues and presenting them to individuals [14].

Spatial approaches and GIS technologies are extensively uti-
lized to analyze the distribution of accessible urban green
spaces [15]. Key research areas include identifying re-
gions with inadequate accessibility [16], social disparities
affecting ethnic minorities with restricted access to green
spaces [17, 18, 19], and the correlation between the avail-

ability and accessibility of green spaces and health out-
comes [20, 21]. Recently, the modeling of accessibility to
green spaces has significantly advanced, owing to improved
GIS capabilities—notably the development of GIS network-
analysis tools such as ArcGIS Network Analyst—and the
enhanced computational power of personal computers. Mov-
ing beyond simple radius-buffering methods that assess the
number of facilities and the proportion of the population
within a defined area [22, 23], recent studies have incorpo-
rated urban landscape features or socio-economic data with
more sophisticated distance-evaluation techniques [19, 24].

2.2 The Use of GIS in Urban Planning

GIS has become more accessible to urban planners and is now
a crucial tool in urban planning for both developed and devel-
oping nations. GIS is one of several formalized, computer-
based information systems that can integrate data from vari-
ous sources to provide the necessary information for effective
decision-making in urban planning [25]. Urban planning also
employs various information systems, such as decision sup-
port systems (DSS), database management systems (DBMS),
and expert systems. GIS functions as both a database and a
versatile toolset for urban planning (Figure 1) [26].
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Urban
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Geo-processing
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Figure 1. GIS and urban planning.

2.3 The Use of GIS in Different Functions and Stages in
Urban Planning

The use of the data-management, spatial-analysis, visualiza-
tion, and modeling components of GIS varies according to
different functions of urban planning (Figure 2(a)). Data man-
agement, visualization, and spatial analysis are used more in
the routine work of urban planning. Spatial modeling is used
more in strategic planning. General administration employs
mainly data management and visualization. Finally, develop-
ment control uses the visualization and spatial-analysis func-
tions of GIS most. The routine tasks of general administration
and development control in urban planning include [27]:

* Management of land-use records;

* Thematic mapping;

 Planning application processing;

* Building-control application processing;

* Land-use management;

» Land availability and development monitoring;

¢ Industrial, commercial, and retail floor-space recording;
* Recreational and countryside facility planning;

* Environmental impact assessment;

* Contaminated and derelict land registers;

» Land-use/transport strategic planning;

* Public facilities and shops catchment-area and accessibility
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analysis; and
* Social-area and deprivation analysis.
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(a) Use of GIS functions in urban planning.
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Figure 2. Use of GIS functions and their importance in three types
of urban-planning activity.

3. RESEARCH METHODOLOGY

This research adopted the spatial-analysis technique to study
the features of the phenomenon and identify its patterns, as
well as the descriptive approach to study and analyze the
study data for the purposes of presentation and evaluation.

A set of methodological tools was employed, especially
geographic-information-system techniques, field surveys, and
the use of region-specific plans and maps.

Analysis of the scope of service zoning: It is the spatial
boundary covered by the service for the population benefiting
from that service. In its theoretical form, its center is the
service, and its perimeter is the maximum distance between
the service and the population served.

Mean Center tool: It is used to determine the geographic
center of a group of point features. The Mean Center is
calculated by determining the geographic center of the indi-
vidual points and then calculating the geographic center of
the group as a whole. This concept is used in many applica-
tions, such as locating urban centers, neighborhood centers,
or emergency-safety centers.

3.1 Study Area

* The Basilia City Residential Towers project is located
within the second area, 102, of the Southern Plan-
ning Project and includes the following real-estate areas:
Mezzeh, Kafar Sousse, Qanawat Basateen, Daraya, and
Qadam.

» The Basilia City Towers area is considered one of the
largest regulatory areas in Syria. Its area reaches 900
hectares, equivalent to 9 million square metres, and in-
cludes approximately 4,000 properties.

* The population is about 255,000 people.

Table 1. Standards of educational institutions that must be provided
in residential organizational units

Residential Category Average Number of Students
Units Type
Residential Kindergarten 12 m? per student 4% of the total population
group
Basic unit Basic 12 m? per student  22% of the total population
education
Neighborhood General 16 m? per student; 4% of the total population
secondary 3 m? per person of
education the total population
Residential Vocational 16 m? per student; Determined according to the
sector education 0.6 m? per person  privacy of the gathering
of the total
population

The entire city Higher —

or urban area  education and
specialized
institutes

Determined according to the
privacy of the gathering

Table 2. Distance standards

Category Access Distance on Foot (m)
Kindergarten < 500

Basic education 500-1000
Secondary education 1000-1500

4. RESULTS DISCUSSION

The results of the spatial analysis using the ArcGIS program
for educational-service sites in the city of Basilia revealed a
random and irregular distribution within the region in gen-
eral. There is a discrepancy in the distribution of educational
services, with a concentration of kindergarten services in the
southeastern region.

The scope of educational-service provision was represented
so that the center of the circle is the educational service and
the radius is the approved standard for ease of access: up to
500 m for kindergarten (Figure 4) and up to 1000 m for basic
education (Figure 5).
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Figure 7. Mean Center for basic education.

The results of the spatial analysis also showed an overlap in
the service scopes of educational services. A convergence
is observed between the locations of educational services,
whether kindergarten or basic education, although the con-
vergence appears more clearly for basic education (Figures 8
and 9).

Figure 5. Scope of service for basic education.

Figure 8. The green circles represent the scope of service for

Geographical-distribution measurements showed that the X
kindergartens.

Mean Center for the distribution of kindergarten services
is located slightly in the southeast direction (Figure 6), while
for basic education the spatial mean is located in the middle
of the region (Figure 7).
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Figure 9. The yellow circles represent the scope of service for basic
education.
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Figure 6. Mean Center for kindergartens. Despite the overlap in the service scopes, there are also areas
outside the scope. This is clearly evident in kindergarten
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services, where the area outside the scope of service is almost
equal to the area within the scope of service. For basic educa-
tion, the area outside the scope of service is small compared
with the serviced area. The areas covered in purple represent
the areas outside the service scope in Figures 8 and 9.

5. CONCLUSION

The study highlighted the role of geographic information
systems as decision-support tools through advanced spatial-
analysis techniques, spatial-query mechanisms, and their dif-
ferent tools and conditions.

Recommendations

* Take the approved standards into account in planning before
starting to build new educational services.

* Choose appropriate locations for schools when starting the
planning process for new educational services.

* Create a comprehensive and accurate database about
schools and the number of students, and update it con-
stantly so that planners can benefit from it in the future.

* Provide a sufficient number of buildings to comply with
the approved spatial standards.

* Reconsider the distribution of kindergarten and basic-
education services in the city of Basilia.

REFERENCES

[1] Y. Pan and L. Zhang, “Roles of artificial intelligence in
construction engineering and management: A critical
review and future trends,” Automation in Construction,
vol. 122, p. 103517, 2021.

[2] A.F. Elgendi, A. Elhendawi, W. M. M. Youssef, and
A. S. Darwish, “The vulnerability of the construction
ergonomics to COVID-19 and its probability impact in
combating the virus,” International Journal of BIM and
Engineering Science, vol. 4, no. 1, pp. 1-18, 2021.

[3] A. Elhendawi, H. Omar, E. Elbeltagi, and A. Smith,
“Practical approach for paving the way to motivate BIM
non-users to adopt BIM,” International Journal of BIM
and Engineering Science, vol. 2, no. 2, pp. 1-22, 2019.

[4] M. Shaban and A. Elhendawi, “Building information
modeling in syria: Obstacles and requirements for im-
plementation,” International Journal of BIM and Engi-
neering Science, vol. 1, no. 1, pp. 42-64, 2018.

[5

—_—

F. Mellado and E. C. W. Lou, “Building informa-
tion modelling, lean and sustainability: An integration
framework to promote performance improvements in
the construction industry,” Sustainable Cities and Soci-
ety, vol. 61, p. 102355, 2020.

[6

[}

N. Yusof, S. Ishak, and R. Doheim, “An exploratory
study of building information modelling maturity in the
construction industry,” International Journal of BIM
and Engineering Science, vol. 1, no. 1, pp. 6-19, 2018.

[7

[

A. Elhendawi, A. Smith, and E. Elbeltagi, “Methodol-
ogy for BIM implementation in the kingdom of saudi
arabia,” International Journal of BIM and Engineering
Science, vol. 2, no. 1, pp. 1-20, 2019.

[8] A.I N.Elhendawi, “Methodology for BIM implemen-
tation in KSA in AEC industry,” Master’s thesis, Edin-
burgh Napier University, 2018.

[9] S. Ahmed, P. Dlask, O. Selim, and A. Elhendawi, “BIM
performance improvement framework for syrian AEC
companies,” International Journal of BIM and Engi-
neering Science, vol. 1, no. 1, pp. 2041, 2018.

[10] M. Saada and H. Aslan, “The effectiveness of applying
BIM in increasing the accuracy of estimating quantities
for public facilities rehabilitation projects in syria after
the war,” International Journal of BIM and Engineering
Science, vol. 5, no. 2, pp. 8-18, 2022.

[11] Varminect, “BIM and GIS: Bridging the gap between
design and spatial data,” 2023.

[12] B. Zalloom, “Smart cities: Using GIS technology in
urban infrastructure development at migration areas,”
The Eurasia Proceedings of Science, Technology, Engi-
neering & Mathematics, vol. 18, pp. 64-71, 2022.

[13] S. Banerjee, C. Chakraborty, and D. Das, “An approach
towards GIS application in smart city urban planning,”
in Internet of Things and Secure Smart Environments.
Boca Raton: Chapman and Hall/CRC, 2020, pp. 71—
110.

[14] GIS Consortium India, “What is the use of application
of GIS services in smart cities?” 2022, accessed: July 7,
2022.

[15] D. La Rosa, “Accessibility to greenspaces: GIS-based
indicators for sustainable planning in a dense urban
context,” Ecological Indicators, vol. 36, pp. 1-11, 2013.

[16] O. Barbosa, J. Tratalos, P. R. Armsworth, R. G. Davies,
R. A. Fuller, P. Johnson, and K. J. Gaston, “Who ben-
efits from access to green space? a case study from
sheffield, UK,” Landscape and Urban Planning, vol. 83,
no. 2-3, pp. 187-195, 2007.

[17] C. G. Boone, G. L. Buckley, J. M. Grove, and C. Sister,
“Parks and people: An environmental justice inquiry
in baltimore, maryland,” Annals of the Association of
American Geographers, vol. 99, no. 4, pp. 767-787,
2009.

[18] E. Talen and L. Anselin, “Assessing spatial equity: An
evaluation of measures of accessibility to public play-
grounds,” Environment and Planning A: Economy and
Space, vol. 30, no. 4, pp. 595-613, 1998.

[19] T. T.-H. Pham, P. Apparicio, A. M. Séguin, S. Landry,
and M. Gagnon, “Spatial distribution of vegetation in
montreal: An uneven distribution or environmental in-
equity?”’ Landscape and Urban Planning, vol. 107,
no. 3, pp. 214-224, 2012.

[20] P. Apparicio, M. Abdelmajid, M. Riva, and R. Shear-
mur, “Comparing alternative approaches to measuring
the geographical accessibility of urban health services:
Distance types and aggregation-error issues,” Interna-
tional Journal of Health Geographics, vol. 7, no. 1, pp.
1-14, 2008.

29



International Journal of BIM and Engineering Science (IJBES)

Vol. 09, No. 01 - 2024

(21]

[22]

(23]

[24]

[25]

(26]

(27]

C. Paquet, T. Orschulok, N. T. Coffee, N. J. Howard,
G. Hugo, A. Taylor, and M. Daniel, “Are accessibility
and characteristics of public open spaces associated
with a better cardiometabolic health?” Landscape and
Urban Planning, vol. 118, pp. 70-78, 2013.

S. Nicholls and C. S. Shafer, “Measuring accessibil-
ity and equity in a local park system: The utility of
geospatial technologies to park and recreation,” Journal
of Park and Recreation Administration, vol. 19, no. 4,
pp. 102-124, 2001.

D. Moseley, M. Marzano, J. Chetcuti, and K. Watts,
“Green networks for people: Application of a functional
approach to support the planning and management of
greenspace,” Landscape and Urban Planning, vol. 116,
pp- 1-12,2013.

H. A. Sander, D. Ghosh, D. Van Riper, and S. M. Man-
son, “How do you measure distance in spatial models?
an example using open-space valuation,” Environment
and Planning B: Urban Analytics and City Science,
vol. 37, no. 5, pp. 874-894, 2010.

S. Y. Han and T. J. Kim, “Can expert systems help
with planning?” Journal of the American Planning
Association, vol. 55, no. 3, pp. 296-308, 1989.

A. G.-0O. Yeh, “Urban planning and GIS,” Geolnformat-
ica, vol. 3, no. 3, pp. 1-22, 1999.

P. W. Newton, M. A. P. Taylor, and R. Sharpe, Desktop
Planning: Microcomputer Applications for Infrastruc-
ture and Services Planning and Management. Mel-
bourne: Hargreen Publishing, 1988.

30



	Introduction
	Beyond Traditional Methods
	BIM: Global Trends and Local Context
	GIS: Enhanced Accessible Data by Mapping the Urban
	Syria's Urgency for Sustainable Urban Planning
	The Power of Synergy: GIS–BIM Integration

	Related Work
	Overview
	The Use of GIS in Urban Planning
	The Use of GIS in Different Functions and Stages in Urban Planning

	Research Methodology
	Study Area

	Results Discussion
	Conclusion



