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1. Introduction

In 2008, for the first time in history, the urban population constituted more than half of the world's
population, about 6.8 billion [1], so the urban population became more than 3.44 billion people. In addition,
the world population was around 8 billion in 2022, whereas the world's urban population will reach approx-
imately 5 billion by 2030 [2, 3]. In the 20th century, the world population exploded from 220 million people
to 2.8 billion people, while the United Nations suggested that the size of the global population will grow to
approximately 11 billion by around 2100. Thus, planning for sustainable and resilient cities that host this
vast population and other creatures' habitats is crucial. Particularly in Asia and Africa, in 2030, the urban
population will be two times higher than in 2000. Therefore, site planning and development for new con-
struction projects are crucial. Moreover, cities are the primary source of environmental detriments due to

the production of CO2 caused by transportation (23%), industry (32%), building construction (40%), and
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others (6%) [4, 5].

Sustainable urban planning without considering the environmental conditions of land development is
meaningless because land is a place for project construction, and at the same time, it is a resource for food
production and waste disposal [6-8]. New approaches for evaluating the site (project's land) selection based
on various indicators have been examined over the last two decades [8-10]. In Iran, however, scientific
methods of site selection for construction developments are hardly taken into account, while in most cases,
politics and personal manners play a fundamental role in site selection [11-13].

An essential phase in the development process of a construction project is selecting the most appro-
priate site. This paper has reviewed the state-of-the-art theories for site selection, determining the weight
of indicators, evaluating the methods, and ranking the criteria based on a scientific analysis. It developed a
novel method and explains how to convert qualitative factors into quantitative ones and evaluate them using
a Multi-Dimensional Matrix (MDM).

The current research aims to provide a scientific construction sustainable site selection method to
avoid arbitrary and harmful approaches. It has three aims; the first is to provide the most important param-
eters for the scientific site selection, including various qualitative and quantitative indicators. The reviewed
indicators were developed in the current research, and the gaps in previous research were addressed. The
second aim is to limit personal or political opinions and the related negative impacts on the project's location
and construction. The last aim is sustainable site selection and analysis, achieving life cycle sustainability.

This research presents a comprehensive method based on mathematical approaches and provides a
complete list of indicators for site selection analysis. The uncertain characters that may negatively affect
decision-making were eliminated. Regarding the presented method to properly fit with site analysis for
sustainable development, valuable practical recommendations for engineers in the construction sector, such
as architects and civil engineers, were provided. Since the literature in the area was extensively reviewed,

state-of-the-art knowledge was presented that could increase the reliability of indicators.

2. Literature Review

Appropriate site selection is one of the essential aspects of environmental sustainability [14]. This is
why the issue of site selection criteria and evaluation for a project has become essential since 2000. The
idea of sustainable development at the Earth Summit in Rio de Janeiro in 1992 was recognized as a funda-
mental action. At the summit, 172 countries and 2400 non-governmental organizations (NGOs) suggested
various sustainable architectural and urban design approaches.

In 2011, the Department of Education of the State of Alaska in Canada investigated the methods of
scientific site analysis and published a handbook [9] that presents three essential factors for evaluating a

construction site for future projects. They include (1) social and land use factors, (2) the total price of
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building construction, and (3) the cost of the building operation and maintenance. These minimum general
factors were divided into sub-sections and details. Table 1 shows the details of these three factors. The
handbook also explains how to weigh the indicators as well. The method is practical; however, the proposed
criteria for measuring a site for future development are limited, and many basic parameters were not in-
cluded.

Table 1. A set of influential post-construction criteria affecting site selection [9]

Site 1 Site 2 Site 3 Site 4
Criteria WF* Scores Scores Scores Scores Scores Scores Scores — Scores
xWF xWF xWF xWF
Site Drainage 3 4 12 3 9 3 9 n/a n/a
Flooding 4 4 16 4 16 2 8 n/a n/a
Site Erosion 4 3 12 3 12 3 12 n/a n/a
Sun Orientation 2 2 4 1 2 1 2 n/a n/a
Protection from Elements 2 3 6 3 6 2 4 n/a n/a
Proximity to Natural Hazards 4 0 0 3 12 4 16 n/a n/a
Alternative Energy Sources 3 1 3 1 3 2 6 nla nla
Air Invention/Katabatic winds 2 4 8 4 8 4 8 nla nla

TOTAL 61 68 65 n/a

* Weighting Factors (WF), 1=not very important, 2=somewhat important, 3=important, 4=very important, 5=essential, Criteria Ranking

Scores O=unacceptable (least desirable least cost effective), 1=poor, 2=fair, 3=good, 4=excellent (most desirable/ most cost effective)

In 2008, the Department of Design and Construction, New York City Municipal, published the "Sus-
tainable Urban Site Design Manual™ [15], which presented suggestions for sustainable and responsible ur-
ban site design. The manual emphasized the site design using a sustainable approach but did not propose a
proper and optimal site selection method.

The authors of "Sustainable Site Design: Criteria, Process, and Case Studies for Integrating Site and
Region in Landscape Design™ [16] have presented several factors, such as sewage, water pollution, partic-
ularly surface and underground water, and biodiversity for site sustainability in landscape engineering. The
research emphasizes endangered animal species, waste of resources, energy, soil, and air. The Handbook
of Green Building Design and Construction [17] highlights the fundamental sustainability standards and
assessment methods such as LEED, BREEAM, CIBSE, and Green Globes [18]. Several indicators for sus-
tainable site assessment were presented for these standards.

One of the crucial sources for site selection is "Site Analysis: A Contextual Approach to Sustainable
Land Planning and Site Design" [19], in which the author has divided the site selection into four general
categories. The first category is devoted to topography, soil science, and geology. The second category
includes the capacity of the market, services (transportation, school, police, and fire stations, etc.), and
climate. The third is the compatibility category, which covers costs, profits, and the benefits of projects.
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The fourth is the affordability category, which examines whether site development allocated to a desired
project is cost-effective. In this category, the calculations of the investment return period and the profit and
loss of the project are analyzed. Another source is "Environmental Planning for Site Development” [20],
which contains overviews and macro views of the site characteristics assessment.

Thomas H. Russ published a book [21] and presented a sustainable perspective on the project's site
plan. Russ investigated the basic rules of sustainable site design. He divided them into ten categories, in-
cluding (1) not to harm the site and its surroundings through inappropriate and unnecessary interference,
(2) precautionary principles to reduce risk and damaging humans and the environment, (3) design with
nature and culture, (4) using the decision-making hierarchy method to protect, preserve, and regenerate the
site's resources and potentials, (5) providing renewable reproductive systems to achieve intergenerational
equity, (6) supporting the balanced life process, (7) the use of systematic thinking against arbitrary and
forced thinking, (8) using a team approach based on ethics, (9) maintaining integrity in leadership and

research, and (10) improving environmental monitoring.

2.1. The Method of Dealing with the Old Part of the Urban Fabric

Urban development in suburb areas needs high financial costs to provide the infrastructure and, on
the other hand, increases the environmental impact because of urban sprawl, which is a key driver of un-
sustainability, resulting in further travel, use of productive land, and social inequality [22, 23]. Therefore,
in recent years, the development of existing old-traditional neighbourhoods and brownfields has attracted
the attention of urban designers and architects due to its sustainability characteristics. The regeneration of
old buildings and the revival and repairing existing urban contexts contribute to sustainable development
[24]. Deprived and worn-out urban neighbourhoods have problems such as lower urban services, lower
quality of life standards, weak access to transportation networks, old infrastructure, lower security, and
aged buildings [25, 26]. In the case of rehabilitation and redevelopment, they have great potential to achieve
high-quality, healthy, and sustainable cities [27] because local resources and urban infrastructure are re-
tained and reused. At the same time, old buildings are rebuilt to provide new opportunities for the optimum
use of spaces [28]. Fertile lands are a crucial food and economic resource in the current decade; therefore,
reasonable land management has become a hot urban planning topic. Optimum use of brownfields and
worn-out urban textures through regeneration plans is one of the sustainable approaches for land supply [8,
29, 30].

Although urban renewal approaches usually focus on sustainable development, demolishing existing
buildings to accelerate the process of urban renovation has become a controversial topic worldwide [31]. It
is strongly recommended that any urban revitalization model should be consistent with overall contextual

and spatial conditions [32]. Similarly, the potential of previously used sites should be evaluated according
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to site-based factors and adapted for different urban contexts [24, 25]. Urban worn-out refers to an area or
part of a city where more than 50% of the structures—including buildings, streets, and other property-
grained elements—are prone to instability, according to standards authorized by Iran's Supreme Council
for Planning and Architecture [33]. Previous studies about worn-out urban textures emphasize the address
of residents' needs and participation in urban regeneration planning [34, 35]; however, proper site selection
methodology was neglected as a base for sustainable urban revitalization. In addition, the integrated anal-
ysis results indicate that the quantitative sustainability indicators considerably improve the optimum land
use patterns [36].

2.2. Sustainability Assessment Tools
Analysis of sustainable urban development, which responds to the adverse effects of rapid urbaniza-

tion, climate change, and excessive use of natural resources, needs sustainable assessment tools [37, 38].
Sustainable assessment tools support decision-making and guidelines for urban development projects and
evaluate the sustainability level of cities [37-39]. Several indicator-based tools are applied at the urban or
single-building scale [14]. A few studies highlighted the importance of urban sustainability assessment at
the neighbourhood scale [40, 41]. Zarghami et al. [42] have developed a sustainability assessment tool for
individual residential buildings but did not consider urban neighbourhood characteristics, which are more
significant for a successful large-scale development. Tam et al. reviewed 20 international neighbourhood
assessment systems [43], among which "BREEAM", "CASBEE-UD", and "LEED-ND" are more promi-
nent [44, 45]. Table 2 represents the features and details of these tools and the approach that they considered
land use and site selection indicators[46-48].

Some studies identified and addressed the weaknesses of Neighborhood Sustainability Assessment
(NSA) standards, approaches, or tools. The main limitation of using NSA tools is that they apply only for
the certification of the existing buildings and neighbourhoods, not for developing or future development
plans. In addition, the NSA tools did not support other spatial analysis tools, e.g., GIS. The other weak-
nesses include the static nature of NSA, environmental bias, lack of appropriate socio-economic assessment
approaches, data imperfections and reliability, market-driven failure to address context-sensitive concerns,
and expert-dependent non-inclusive approach [49-52]. Furthermore, the complete list of fundamental sus-
tainability indicators was not provided, nor was it completely analyzed. The overwhelming number of in-
dicators is insufficient to assess manually [53]. In addition, the impact of the NSA tools on environmental
justice needs to be taken into account further [54].

2.3. Negative Impacts of Erroneous Site Selection
In developing countries such as Iran, which is faced with rapid population growth, intensive rural

immigration [55], and on the other hand, depletes a lot of national resources such as productive lands (us-
able for agriculture and food) [11], water bodies, fossil energy [56], water crisis, depletion of underground
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resources [57], inefficient, traditional transportation systems [58], unsustainable development, and an un-

stable economy [59, 60], the sustainable land and urban development method for construction projects is a

fundamental approach [58]. Large-scale land development, such as urban development; medium-scale,

such as residential building complexes; and small-scale, such as hotel or residential apartment construction,

all need a sustainable development methodology.

Table 2. Urban sustainability assessment tools [37, 45, 47]

Standard/ap- launched Indicators Site sub-criteria Location
proaches by Issues covered Sub-criteria %
BREEAM  BRE/UK Governance Accessibility Land use 7 14%
community Social and economic well- Hazards
(2012) being Site selection Place-shap-
Resources and Energy Ecological value of site and ing
Land use and ecology protection of ecological
Transport and movement features Policy and
Enhancing site ecology governance
Long-term impact on bio-
diversity Affordable
Surface water run-off housing
Public transport accessibility
Proximity to amenities
CASBEE- Japan Natural environment (micro-  Preservation and conser- Land use 3 4%
ub GreenBuild  climates and ecosystems). vation of biotope Place-shap-
(2007) Council and  Service functions for the des- Townscape and Land- ing
the Japan ignated area scape Policy and
Sustainable  Contribution to the local governance
Building community (history, culture, Affordable
Consortium  scenery and revitalization) housing
Environmental impact on mi-
croclimates, facade and land-
scape
Social infrastructure
Management of the local en-
vironment
LEED-ND US Green  Smart Location and Linkage  Site selection Land use 5 9%
(2009) Building Neighborhood pattern and de- Compact development Place-shap-
Council sign Rainwater Management ing
Green Infrastructure  and Policy and
Buildings governance
Innovation & Design Process Affordable
Regional Priority credit housing
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Some examples of improper site selection that led to environmental drawbacks are as follows: Got-
vand Dam, located on the Karun River in the southwest of Iran, is mistakenly located next to a large salt
mine. When the dam completely went underwater, it penetrated the mine and dissolved large amounts of
salt. The salt accumulation in the dam has been estimated at around 66.5 million metric tons, leading to a
dramatic increase in the water salinity [61-63]. This problem is a serious hazard to downstream agricultural
lands and has dried up many trees. The dam is located in a high seismicity zone and is susceptible to insta-
bility and potential seepage [64].

Originating from a political and non-participatory top-down policy, Mehr Housing, the Iranian na-
tional social housing project supported by the national government, was started in 2009 as a solution for
affordable housing. The projects were primarily constructed in suburbs to reduce the cost of land, but they
ultimately caused many negative environmental and social effects and the extra costs for providing the
urban infrastructures. Rather than regenerating worn-out urban areas and empowering their infrastructures,
the politicians of Meher Housing converted the productive lands into buildings and destroyed many agri-
cultural resources. The Iranian government has increased the risk of destroying both biological and food
supply resources. They dug the natural shape of the earth and destroyed the beautiful natural landscape,
which is a desirable place for citizens to spend their free time, fleeing from the noise and pollution of a city
[13, 65]. From a social perspective, the project did not meet people's satisfaction. Residents of the Mehr
Housing project suffer from a lack of transportation facilities, security, education, healthcare, parks, and
entertainment services [66, 67].

Another example of the project's misleading site is improper actions on Urmia Lake, which resulted
in a significant decrease in water level and catastrophic environmental impacts. The construction of various
unnecessary dams from the 1970s around the lake basin shows the lack of comprehensive spatial planning
to manage water resources. The number of dams (existing, under construction, and understudy) in the lake
basin indicates an increase in the diversion of surface water beyond the current level, which currently ap-

pears unsustainable [68-72].

3. Materials and Methods

Selecting comprehensive and relevant indicators to analyze and recommend the best site location for
developing a construction project is substantial. Research on indicator-based approaches for site selection
is relatively rare. In this study, a mixed method for decision-making was applied and presented in Figurel.

The Multi-Dimensional Matrix (MDM) method typically involves evaluating alternatives based on
various indicators and evaluation systems (Figure 2). The developed method facilitates decision-making
processes, whether for selecting a new site or choosing the best project for renewal at a neighbourhood

scale in a city context [73-76]. The technique considers a system of interacting criteria executed to assess
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the potential of a construction site or a developing function. The MDM can be used in the primary archi-
tectural or urban planning design processes to identify interactions affecting site location. The method can

also be used as a guideline and evaluation system during decision-making for developing a construction

site.
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Figure 2. The concept of MDM

Furthermore, MDM supports analysis of a system's structure across multiple domains and simplifies
different levels of analysis into one Design Structure Matrix (DSM) at one time. The developed system
considers the effect of multi-criteria on each other and their interactions. Accordingly, some criteria may
nullify or reinforce the others.

The selection of effective indicators for analysis and a deep understanding of the site elements have
been conducted through a critical literature review and experts' opinions in the subject area. At this stage,
the opinions of 10 experts were obtained. In the developed method, 71 indicators have been classified into
11 categories, which is a great upgrade compared with the six simple indicators reviewed in the literature.
Each defined category has unique indicators, but the number of indicators in the categories is not necessarily
equal. For example, the landscape category has six indicators, while the urban context and existing build-
ings category (applicable in urban regeneration projects) has 11 indicators. Table 3 presents the categories

and their sub-sections.
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Table 3. List and classification of indicators required for project site analysis

1-1 Diversity of wildlife
1-2 Existing vegetation
1-3  The relationship between vegetation and climate characters
1-4 Evergreen trees (mostly coniferous)
1. Vegetation and 1-5  Seasonal trees (mostly broadleaf)
wildlife 1-6  Endangered plant and animal species (recognition, number, status, threats)
1-7  Size, area, and amount of green space
1-8  Soil condition, soil type, and agricultural capability
1-9  Cultivable land, pasture, and barren land
2-1 Mines and other underground reserves
2-2 Underground water, plant, animal ecosystem; water ecosystem, wetlands, etc.
2. Natural 2-3 Surface water (river, lake, domes, spring, aqueduct), area and their volume and depth,
Resources (Ground or  2-4  Groundwater (aquifers, groundwater levels, hot springs, and mineral waters)
underground) 2-5 Hydrometry, physical and chemical condition of water, water pollution, acid-alkaline con-
dition of water (PH)
2-6  Water flow
2-7  Watershed for river, lagoon, marsh
3-1 Scope and geometry of the site
3-2 Dimensions and size of the site (area and perimeter)
3-3 Topography (positive and negative slopes, channels, valleys, depressions and ridges, ra-
3. Site potentials and vines, drainage, etc.), slope percentage
limitations 3-4  Soil Physics (soil type, density, permeability, PH, structural resistance, ...)
3-5 Site obstacles (noise pollution, air pollution, chemical pollution, site expansion restrictions,
unpleasant smell, proximity to dangerous and polluting sites, landscape)
3-6 The capacities and potentials of the site (natural resources, proper access, scenery, vicinity
of the site (close to shopping, educational, medical centers, etc.)
3-7  Ability to expand and develop the site in the future
4-1 Buildings quality
4-2 Buildings age
4-3 Number of floors
4. Urban contextand  4-4  Pure and impure (gross/net) density (occupancy level and density)
existing buildings 4-5  Usage of buildings
4-6 Building heights, sky view
4-7 Full and empty parts of the site (free lands), brownfields
4-8  Valuable and heritage buildings, cultural heritage
4-9 Building Materials
4-10  Architectural pattern, valuable and historical urban context
4-11  The degree of permeability of the site
5-1  Type of access (vehicle accessibility, transportation systems, pedestrians, bicycle and

stroller, wheelchair, ...)
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5. Circulation and ac-  5-2

Material of road surface (asphalt, concrete, soil, sand, etc.), paving

cess to the site 5-3 Hierarchy of access (freeway, highway, 1%, 2", and 3" degree arterial, secondary, main,
etc.), average highway speed, approach speed, road capacity
5-4  Traffic type (traffic node, traffic load, speed limitation, traffic zones)
5-5  Public transportation (access to railway, airport, bus, taxi station, metro)
5-6  Parking availability- type of parking (indoor, outdoor, story parking)
5-7 Run-off water collection and management system
6-1 Favorable and unfavourable view
6-2 Favorable view of a park, green space, and urban skyline
6. Landscape 6-3 Unfavourable view to visual pollution, view to the cemetery, abandoned area
6-4 Overlooking
6-5 Skyline
6-6 Night view (landscape)
7. Infrastructures 7-1 Transportation
7-2 Municipal services (Piped water network, on-grid electricity, gas, internet, telephone, sew-
age, garbage collection service)
8-1 Social parameters, diversity, justice, education level
8-2 Population: population size, growth rate, population pyramid, gender ratio, active popula-

8. Social, cultural, eco-
nomic potentials and

tion, literacy rate, employed population and unemployment rate, population forecast, house-
hold size, etc.

structure 8-3  Immigration and the related details
8-4 Social beliefs, social capital, social networks, active communities in the region, NGOs, eth-
nic, racial, religious diversity, convergences or divergences
8-5 Cultural diversity, languages, historical background, local/national customs, local clothing
patterns, rituals, identity
8-6 Economic, the price of land, the cost of obtaining the necessary permits such as the munic-
ipal permit, tax, the cost of engineering maps, the cost of building construction, added value,
regional price, investment return period,
8-7 Livelihood, the income rate in the area, welfare level, poverty level, GNP (gross national
product), GDP (gross domestic product), export and import, production rate
9-1  Weather
9-2  Longitude and latitude
9-3 Height above mean sea level (altitude)
9-4 Humidity (absolute, relative)
9-5  Temperature, average annual, monthly average, minimum average, maximum average, min-
imum and maximum, etc.
9. Climatic 9-6  Wind (prevailing wind, wind direction, wind speed, seasonal winds, polar wind)
characteristics 9-7  Precipitation (rain, snow, hail, heavy rain, amount of precipitation, rain load), annual,
monthly daily precipitation
9-8 Number of frosty days, number of cloudy days
9-9  Proper orientation of the building (south-facing for the northern hemisphere)
9-10  Sun path, daylighting, and shadow
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9-11  The amount of radiation

10. Upstream rules, local 10-1  Municipal regulations, constitution laws/standards, bylaws, national and regional regula-
policies, laws, tions; upstream rules, military and police restrictions; cultural heritage restrictions, allocat-
local regulatory frame- ing functions to the urban pieces
works and regulations

11-1 Natural disasters such as faults, floods, earthquakes, fires, landslides

11. Risks and hazards 11-2  Proximity to the nuclear power plant and military and areas restricted by law

11-3  Passive defense limitations

The complete checklist (Table 3) has not been comprehensively presented in any reviewed studies.
The purpose of the developed checklist is to consider all the necessary indicators required to evaluate a site.
In addition, the indicators that show the sustainability impacts after the construction process, such as roads,
bicycle parking, rainwater management, access to public transportation, etc., have been considered. Re-
garding surface water management, indicators such as water run-off, surface water, land depression, and
ridge, as well as the design and size of channels, are fundamental. Relying on only qualitative or minimal
quantitative factors will likely make the analysis erroneous. Therefore, a comprehensive list of qualitative
factors was converted into quantitative parameters to be interpreted in descriptive statistics. Both factors
are measured based on a single scientific system, and personal beliefs will not be included in the selections.

After providing the indicators needed to evaluate a site plan according to the usage and purposes of
the project, the required indicators could be selected from the main list (Table 3). Then, the appropriate
weight is allocated to each indicator. For example, for an airport project, the number of trees on the site is
a negative factor, but for a college project, trees can create a beautiful landscape, which will be a positive
factor. According to the developed Multi-Dimensional Matrix (MDM), the first layer of the system is indi-
cators, and the second layer is weights of various coefficients such as quality, quantity, importance ratio,
frequency, and priority. The weight for each row of indicators is calculated, and finally, the total obtained

points are determined by mathematical calculations based on Eq. (1).

fG) =ao+ Yo (fi x wi x mi) 1)
where ao: is the primary constant value that the assessor may consider regarding the importance of the
indicators. For example, the landscape quality in the north or south direction should be considered a fixed
value in restaurant projects. fi: is the frequency of the indicators, while wi is the initial weight of an indi-
cator. mi: is the magnitude of the factor, such as the area.

The MDM provides the possibility of comparison of different options more accurately. The final
weight of each site plan is obtained from the sum of the weights of single indicators. This mathematical
method can more accurately evaluate the project sites and determine the most suitable one for developing

a project. The selection of important and required indicators for site analysis depends on the land use and
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future development plans. If a project has future development phases, such as a need for land use, this
should be included in the site analysis.

In the next step, the shortlist of indicators influencing a specific site selection is prepared. Further-
more, weighting the indicators is the most essential task. For the weighting of factors, the goals and function
of the project play the most critical roles. Finally, the final variables were ranked by calculating the values
(weights assigned to different parameters) and the comparative comparison method. An alternative that has
attained the most points (first rank) is a winner.

Presenting a practical example in the following sections, the weighting of the indicators in a sample
site plan will be explained in detail. A questionnaire, including a combination of open and closed questions,
was conducted to discover the interests, needs, and views of the residents of the Tazeh Abad neighbour-
hood. The questionnaire contained 12 questions designed to improve the designer's understanding of the
site, the needs of the residents, and their loyalty to the neighbourhood.

Since this research's methodology is fundamental, it tried to clarify how calculations are made by
presenting several examples. The method can be implemented, imitated, and repeated for different types of

sites worldwide.

4. Site Analysis Using the Multi-Dimensional Matrix Method, Based on a Case Study

4.1. Physical Characteristics of the Case Study

There are two groups of urban textures: historical and deprived areas, including (a) the annexation of
separate urban areas due to the development of cities and (b) the worn-out texture formed with city devel-
opment during the past centuries. Based on this classification, the Tazeh Abad neighbourhood in Sanandaj
City, the centre of Kurdistan province, is considered group (b) [77]. This case study is presented in detail
from a site selection point of view.

In the Tazeh Abad neighbourhood, three different sites for urban regeneration to build a new residen-
tial complex and empower the traditional texture in the historical part of Sanandaj City were evaluated as
an example. The goal is to select the best site for the new construction developments. In the analysis of
these sites, in addition to the physical parameters, the questionnaire method was also applied to discover
the project participants' deficiencies, potential, and queries. Figure 3 shows the Tazeh Abad neighbourhood
in Sanandaj City and the three sites identified for future developments. The MDM method was conducted
to select the best location based on the data presented in Table 3 and the quantitative and qualitative eval-
uation using the resident's beliefs.

The reasons for choosing sites 1, 2, and 3 are as follows: There are two mosques and a building with
historical and heritage value in the Tazeh Abad neighbourhood. These units enhance the social sustainabil-

ity of the neighbourhood and preserve its identity. Therefore, areas including such strong social characters
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were excluded from the authors' selection. The reason is that these places are alive and desirable and have
no regeneration needs. On the other hand, some residential units on the ground floor had commercial uses
such as tailoring, grocery stores, upholstery workshops, and restaurants. Since this contributes to the neigh-
bourhood's economic sustainability and diversifies the functions, these spots were also excluded from the
regeneration boundary. Among the areas with potential for redevelopment, sites 1 and 3 were chosen due
to the maximum number of demolished units (vacant land), which decreases neighbourhood vitality, re-
duces safety, and diminishes the environmental aesthetic [29]. Site 2 was selected due to its central location
in the neighbourhood, which can provide floors with public services such as a library, sports centre, or café
in the design of a new residential complex. For example, utilizing green spaces in the design could create
better views and landscapes for other locations in the neighbourhood. In addition, sites 1, 2, and 3 in the

master plan of Sanandaj City, the main superior local regulatory framework, have residential functions.

3

7 :
"~ Ve
L Dl

Oraz sport complex 5 Site 1
Private high schools | 6 Site 2
Murality police 7 Site 3
Administratorship of § |Cultural and Educational| 4 | g %/~~~ ~°-7°77
carpet industry centers

Figure 3. Tazeh Abad neighbourhood in Sanandaj City and its three sites

The critical physical characteristics of sites 1, 2, and 3 are listed in Table 4. According to the analysis
of physical attributes, the areas of sites 1, 2, and 3 are 1718 m?, 1951 m?, and 1968 m?, respectively. Ac-
cordingly, the number of existing buildings in the analyzed sites is 13, 18, and 8, respectively. The total

footprint of the buildings of all three sites is 3389 m?,
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Table 4. Physical features of sites

Sites Gross area (m?)  Number of buildings Perimeter (m) The total footprints of the buildings
1 1718 13 190 1114

2 1951 18 199 1390

3 1968 8 195 885

Total 5637 39 584 3389

4.1.1. Number of Floors

All three sites in the urban neighbourhood of Tazeh Abad were compared in terms of the number of
building floors. According to the purpose of the project, i.e., urban regeneration, the lower number of floors
belonging to worn-out buildings is better because, in case of the need for demolition to increase the width
of the passages (providing access for cars in emergency conditions such as fire extinguishing truck access)
or renovating the buildings, fewer relocations of residents are required. In other words, fewer residential
units are destroyed, and fewer households are forced to move out and resettle in other places temporarily.
In Figure 4, the studied sites are compared based on the number of floors, quality, and age of the existing

residential buildings.

4.1.2. Building Quality

In the regeneration project of the Tazeh Abad neighbourhood, the building quality (Figure 4) indi-
cator provides four important parameters for urban designers and architects. First, which part of the site
should be prioritized for revitalization and restoration? Second, which buildings may have the value of
cultural heritage? So, this building type should not be manipulated. Third, which building blocks have
suitable quality and can be maintained or restored? Fourth, which building blocks are worn- out and should
be destroyed? The greater the number of worn-out blocks on a site, the higher the score because architects

and urban designers will have more freedom to act on their plans.

4.2. Cultural Heritage Values of the Buildings

Another important indicator of the Tazeh Abad development site is the antiquity of the building. The
antiquity of a building indicates the cultural heritage, construction technology, age, materials, historical
values, identity, and style. The antiquity of a building determines its architectural value. This type of audit
is significant, particularly in old urban textures and city centres, because it shows cultural heritage value.
From the point of view of this research, the greater the number of long-lived (valuable) buildings, the higher
the project limitations, and as a result, this indicator can be considered the weak point for a site in terms of

new building establishment.
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Figure 4. Number of floors, age, and quality of buildings

4.3. Questionnaire Results and Analysis

The preliminary questions aim to discover the resident's view, while the other questions were de-
signed to understand the site physically. Out of 180 distributed questionnaires, 169 filled them out com-
pletely without defects. About 11% of the participants were between 14 and 20 years old, 47% were be-
tween 20 and 35, 23% were between 35 and 50, and 19% were over 50 (Table 5). Regarding literacy, 41%
of the respondents had a diploma or an associate degree, 31% had a bachelor's degree or higher, and 28%
had less than a diploma. Almost 60% of the respondents were male, and the rest were female. In terms of
employment status, 38% of the respondents were employed, 24% were unemployed, 20% were housekeep-
ers, and about 18% did not answer. 76% of the participants have lived in the neighbourhood for 5-15 years,
while 24% have lived there for less than five years.

As shown in Figure 5, only 17% of the respondents stated that they are indifferent to the neighbour-
hood and do not have a special feeling about it. The right graph measures their desire to participate in the
neighbourhood reconstruction. 31% of the respondents only want to participate intellectually, which refers
to the low financial ability of the residents. Nevertheless, 27% are willing to cooperate both in the form of
providing human resources (the labour force) and in the form of financial participation under the condition
of government support such as long-term loans, and 25% have not set any conditions for human and eco-

nomic involvement. These results are consistent with the results of the left graph.
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Table 5. Demographic Information

Scale/ Category N %
<20 19 11.24
Age group (yrs.) 20-35 79 46.74
35-50 39  23.07
>50 32 1893
Gender Female 68  40.23
Male 101 59.76
Employed 64  37.86
Work status Unemployed 41 24.26
Housekeeper 34 20.11
Not answered 30 17.75
Less than diploma 47 2781
Literacy Diploma and associate degree 69  40.82
Bachelor and higher 53  31.36
<5 41 24.26
Occupation duration in Tazeh Abad 5-10 46 27.21
10-15 20 1183
>15 62  36.68

M Satisfied
M Uninterested
[ Indifferent

participate

Figure 5. Residents' viewpoints about their neighbourhood

M Physical participation and cooperation of himan resources

W Cooperation of human resources and financial participation as

1 much as possible, with the condition of governmental support
Just intellectual participation and advice Do not want to

In Figure 6, the residents' opinions are analyzed regarding the quality, quantity, facilities, equipment,

and problems related to the parks and green spaces in or near the neighbourhood. According to the results,

approximately 40% of the residents mentioned the lack of proper facilities in the parks as the most critical

problem. About 29% believed that the small area of parks and green spaces was their most important prob-

lem. Only 4% of the residents thought the existing park and green spaces were suitable for area and quality.
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# Their area is small
u They are dirty
# They do not have facilities

H Their light is not suitable relative to the slope
 They are not safe
They are suitable and without problem

Figure 6. Residents' opinion about the park and green space in the neighbourhood

The deficiencies and the most critical problems from the residents of the Tazeh Abad neighbourhood
perspective were ranked and shown in Figure 7. The deficiency of green spaces and their equipment, as
well as the low quality and quantity of recreational facilities, are the most important problems. Providing
green spaces for redeveloped sites is a solution for increasing green spaces. Other problems, due to their
priority, are the narrow width of the alley's hard accessibility, inappropriate paving of the alleys, lack of
educational/sports/commercial services, poor garbage collection services, and poor health and safety in the
neighbourhood. It should be tried to select the best site in the neighbourhood to address most of these

problems.
18
16
14
12
10
8
6
4 H
0 : .
M |nsufficient green spaces and recreational facilities ~ MThe narrow width of the passages and traffic
B |mproper pavement Minsufficiency of educational, sports, and commercial services
B Improper waste collection condition and hygiene M Insufficient security
B |nsufficiency of parking spaces M Insufficient Lighting
M Insufficiency of sidewalks Minsufficiency of healthcare services
[ Insufficiency of manucipzl services “Need to renovate neighborhood houses
Insufficiency of access to public transportation Excessive slope of the passages
Unemployment and addiction Noise pollution and overcrowding

Figure 7. Rating of deficiencies and problems of the neighbourhood
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5. Selecting the Most Suitable Site Using the Multi-Dimensional Matrix Method

The MDM can be created and applied for programming on platforms such as MATLAB and Sim-
ulink. The number of rows and columns and the parameters' weight should be mentioned to form an MDM
in MATLAB. MATLAB offers several ways to create MDMs. The first way is to ask MATLAB to create
a 3-dimensional matrix and fill it with zeros. The Zeros () function helps to do the site analysis model. For
example, to create a 2x3x3 matrix, type aj=zeros (2, 3, 3) and press the Enter key. The following output,

Eqg. (2), is an example of a simple polynomial matrix.

000
oool

000

OOOI aj(:r:rg)

_ 000] @)

aj(:,:,1)=[ =l0o0

a;(:,:,2) =[

Table 6 includes the indicators selected for site analysis in the Tazeh Abad neighbourhood. Based on
the survey, the information from the questionnaires, the potential of each site, and the desires of the resi-
dents, the most proper indicators were selected and applied in the analysis. A relevant score for each cate-

gory was defined and used in the assessments.

Table 6. Important indicators applied for the Tazeh Abad neighbourhood site analysis

Indicator Scoring method Site 1 Site 2 Site 3

Range Value

n: The number of units with considered floors

Four floors above 0
Effect of occupied units on the site 3 1if(n): (n)x1 28 38 15
2 2 if(n): (n)x2
1 3 if(n): (n)x3
A/B
A: lot coverage x number of stories
B: area
Density of coverage A/B<1 1000
1<A/B<2 500 800 800 1000
2<A/B<3 500
3<A/B<4 200
4<A/B<5 100
5<A/B<6 0
< 200m? 0
201-400 100
Demolished units 401-600 250
(Gray and brownfields) 601-800 400 0 0 400
801-1000 800
1001-1200 1000
>1200 2000
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Worn-out units Ratio >50 1000
40-50% 800
30-39% 600
20-29% 400 100 100 200
10-19% 200
5-9% 100
<5% 20
Number >25 0
20-25 100
Number of units that should be 15-19 200
destructed 10-14 400 400 200 500
5-9 500
<5 800
Service access radius: (Max+Min)/2
<200m 500
Access to services 200-399m 300
400-599m 200 >00 300 >00
600-799m 100
>800 10
Number of occupied unitsxFamily size
(Family size= 3.3)
>2000 1000
1500-2000 80
Population 1499-1000 600 50 50 50
999-800 500
799-500 300
499-200 150
<200 50
Lot coverage <80% 200
area / the whole <50% 300
site <40% 400
<30% 500 200 200 300
<20% 600
<10% 800
Ratios Worn-out units' <80% 800
area/ the whole <50% 600
site <40% 500
<30% 200 200 200 200
<20% 300
<10% 200
<80% 200 600 600 300
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Circulation <50% 200
area/ the whole <40% 400
site <30% 500
<20% 600
<10% 800
Dimensions Excellent 100
and size of the Good 50

. 5 50 50 100
site Ordinary 25
Poor 0
Sun orientation Excellent 100
(south  facing Good 50

. . 25 25 50
orientation) Ordinary 25
Natural fea- Poor 0
tures of the site  5r5qraphy Excellent 100
Good 50

- 50 50 50
Ordinary 25
Poor 0
View/ land- Excellent 100
scape Good 50

- 25 0 0
Ordinary 25
Poor 0

Total 3028 2613 3665

The indicators were used, including (1) Effect of occupied units, (2) Density, (3) Demolished units,
(4) Worn-out units, (5) Number of units that should be destructed, (6) Access to services, (7) Population,
(8) Ratios, and (9) Natural features of the site. Table 7 shows the detailed calculation of scores for site 1
for one of the indicators. It is not possible to provide the calculation details for all rows. The values are
defined based on the project's aims, usage of the project, experience, and characters of the project.

Table 7. Calculate the scores obtained from the indicator of occupied units in site 1

Indicator Number of buildings story ~ Value Number of buildings on the site 1 Score
Four and above 0 1 4x0x1=0
Effect of occupied 3 1 0 3x1x0=0
units in the site 2 2 8 2x2x8=16
1 3 4 1x3x4=12
Total score 28

Figure 8 shows the final results that were extracted from the Expert Choice software based on the
weights of the indicators. It indicates the ranking of three sites in the neighbourhood. This graph shows that

the highest final score belonged to site 3. As illustrated, the demolished units that made vacant lands had
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the greatest impact on choosing the best site for the Tazeh Abad neighbourhood regeneration, followed by
the density of coverage, the number of worn-out units, and the number of units that should be destructed.
On the other hand, the effect of occupied units on the site, ratios, and population have the lowest influence

on site selection.

Obj% Alt%7q
4l - 60
80 - ‘ B 1
- N\
e 1 =.50 =
20 | \ P 7 S
60 S\ /\ 2 P Lo
.50 \ ‘________v/ .
L X 7S T ——
* =
20 —
- —10
il | |
.00 ﬁ ﬂ 0 ﬂ
Effect of ‘l))censity Oagmolishg\cllotﬁn'ou lm'lber o’f\ﬁﬁess to gpulationRaﬁos Site natural VERREL

Figure 8. Performance sensitivity graph for factors affecting the ranking of sites

6. Conclusion

In developing countries such as Iran, primarily arbitrary, personal beliefs, peremptory, or political
manners of a single person affect the selection of a project's site; however, an authentic methodology based
on a Multi-Dimensional Matrix (MDM) for analyzing site plans (project land) was developed. A compre-
hensive method consisting of various data was presented using MATLAB and statistical analysis tech-
niques. About 70 indicators, including qualitative and quantitative parameters, were classified into 11 cat-
egories. All the characteristics of qualitative results, such as the quality of the landscape, were converted
into quantitative factors that are scientifically interpretable. It is possible to ensure that the selected site for
a construction project is more reliable. The methodology was explained in further detail based on a sample
project for the Tazed Abad neighbourhood in Sanandaj City. According to the analysis based on MDM for
the Tazeh Abad neighbourhood, the total scores for sites 1, 2, and 3 are 3028, 2613, and 3665, respectively.
Among the analyzed indicators for the neighbourhood, the demolished units, the density of coverage, the
number of worn-out units, and the number of units that should be destructed had the greatest impact on site
selection.

On the other hand, the effect of occupied units on the site, ratios, and population have the lowest
influence. Therefore, site 3 is the best option for residential development in the urban context of Tazeh
Abad. By applying the methodology, engineers can accurately select the best location for developing or
future construction projects. This methodology limits and eliminates unscientific, illogical, arbitrary, irra-

tional, and personal judgments about a construction site, which is a fundamental decision-making in the
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engineering. The developed methodology minimizes the failure of site selection and reduces the sustaina-
bility risks.

This research has several limitations. The assessment site analysis was based solely on external ap-
pearance, whereas a comprehensive evaluation should include subcriteria such as local structural condition
and energy efficiency. The primary reason for omitting these details is the absence of reliable data for the
analyzed sample site, as many buildings were constructed informally in the past. Some GIS data fields for
the Tazeh Abad are incomplete, making it challenging to obtain the related information. Future research
could benefit from the methodology and the comprehensive list of indicators, paving the way for machine
learning approaches in site selection analysis. It could focus on further exploration of appropriate multi-
criteria decision methods considering more local criteria. According to the developed model, a web-based
decision support system and perhaps more modern facilities such as artificial intelligence that would allow

decision makers to make such vital decisions better and more efficiently are highly recommended.
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