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Highlights

- The novelty of this paper is to evaluate the physical potential of different urban fabric types in achieving low-carbon neighborhoods.

- Internal urban fabrics demonstrate greater potential for realizing low-carbon neighborhoods compared to both old/historic and new
fabrics.

- The application of the most recent extension fuzzy model, minimized uncertainty in criteria weighting.

- Public transportation, climate-responsive land use, and per-capita green space are identified as fundamental factors in low-carbon
neighborhoods.

Given the increasing importance of environmental challenges and the urgent need to | Received 10/05/2025
reduce greenhouse gas emissions, cities play an important role in mitigating climate | gevised 22/06/2025
change. Urban neighborhoods have taken shape during various phases of urban development,
reflecting the knowledge and approaches characteristic of each era, and thus exhibit distinct
physical features. Paying attention to the physical nature and typology of diverse urban fabrics
in the design and planning of low-carbon neighborhoods is a topic that has received limited
emphasis in previous studies. This study aimed to rank different urban fabric types based on
their physical potential and propose practical strategies to achieve low-carbon neighborhood
indicators. To this end, three neighborhoods in Shiraz, SangeSiah (historic/old fabric), Vesal
(internal fabric), and Valiasre Qasre Dasht (new fabric) were selected as case studies. Climate Change
Methodologically, this was an expert-oriented research. Data was collected from 7 urban | Low-Carbon Neighborhood
studies experts using the snowball sampling method. The study employed a multi-criteria | Urban Fabric
decision-making framework: the Circular Intuitionistic Fuzzy SWARA (CIF SWARA) approach | circular Intuitionistic Fuzzy
was used for weighting the indicators, and the CoCoSo method was employed for ranking | swara

the different urban fabric types. The results highlight that, overall, the most impactful and
fundamental indicators for achieving a low-carbon neighborhood are the public transportation
system, the spatial adaptation of land uses to climatic characteristics, and the per-capita green
space. Conversely, indicators such as strengthening high-speed internet infrastructure and
avoiding the construction of public parking lots play supportive and complementary roles.
Crucially, the research found that the priority of indicators varies significantly depending on
the specific physical characteristics of the intervention area. Therefore, to propose effective
strategies and implementation policies for realizing low-carbon goals, it is of critical importance
to pay close attention to the unique capacities and distinctive features of each type of urban
fabric (historical, internal, and new).
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I ntroduction: Urban climate, as a part of the macro-atmospheric system, encompasses climatic changes
in urban areas caused by human activities and structures. Compared to surrounding rural areas, cities
exhibit specific characteristics such as increased temperature (Urban Heat Island effect), changes in wind
patterns, cloud cover, and precipitation, and altered air quality (Masson et al., 2020: 420). These changes
are accompanied by the intensification of climatic phenomena like heatwaves (Mishra et al., 2015), and
forecasts indicate a temperature rise of 2 to 8 degrees Celsius in cities (Huang et al., 2019).

Cities, as centers emitting approximately 80% of greenhouse gases (GHGs) and 70% of carbon dioxide
(Gurney et al., 2015; Huang et al., 2022), play a key role in reducing emissions and preventing climate
change (Grafakos et al., 2019: 89), despite occupying only 2% of the Earth’s surface (Huang et al., 2022: 1).
Air pollution is also recognized as the fourth leading cause of global mortality and a major environmental
threat (Pozzer et al., 2023).

Urban development patterns influence energy consumption, transportation, and land use (Alonso et al.,
2017:399; Sun et al., 2022:12; Niu et al., 2019), and the urban form is considered a tool for controlling gas
emissions (Zhu & Hu, 2023:1; Jamali et al., 2025). Urban neighborhoods, as fundamental units, represent
the optimal scale for low-carbon design (Zhao et al., 2017; Jamali et al., 2025:8). Shiraz, in the last decade,
has faced climate change and increased pollution (Attaei and Fanayi, 2013: 57), and its different urban
fabrics (historical, internal, new) possess varying ptential for achieving low-carbon neighborhoods.

The significance of the topic lies in the impact of climate change on urban ecosystems and human well-
being (Wang et al., 2021; Weiskopf et al., 2020), making cities key centers for mitigating the consequences
(Masson et al., 2020: 423). The necessity of this research stems from its focus on the physical structure of
urban fabrics in achieving low-carbon indicators, offering content and methodological innovation (such as
CIF SWARA-CoCoSo) that has not been present in similar national studies to date. The main objective of the
research is to rank the urban fabrics of Shiraz based on their physical potential and to provide strategies
for realizing the physical indicators of a low-carbon neighborhood. This study investigates the potential and
challenges of different fabrics in selected neighborhoods (SangeSiah, Vesal, Valiasre Ghasro Dasht) and
answers questions regarding the prioritization of indicators, the ranking of fabrics, and practical stratrgies.

Materials and Methods: This research is fundamental-applied and quantitative in nature. The
statistical population included experts in the field of urban studies. Purposive sampling was used,
comprising 7 experienced professors and researchers (Beiderbeck et al., 2021; Mohamed Yusoff et al.,
2021; Hasim et al., 2023). The data collection tools consisted of two questionnaires:

1) Qualitative Questionnaire: Used for weighting the indicators based on the Circular Intuitionistic Fuzzy
SWARA (CIF-SWARA) method (KerSuliene et al., 2010; Alinejad et al., 2024).

2) Decision Matrix: Used for ranking the urban fabrics.

The indicator weighting was performed using the CIF-SWARA method. By utilizing the Circular Intuitionistic
Fuzzy logic (membership degree 4, non-membership degree v, and radius of uncertainty r), this method
offers higher precision compared to classic Intuitionistic Fuzzy methods and is suitable for urban issues
characterized by high uncertainty (Atanassov, 1983; Hashemkhani Zolfani et al., 2018; Alinejad et al., 2024).
The final ranking of the three urban fabrics (historical, internal, and new) in the selected neighborhoods
of Shiraz was carried out using the Combined Compromise Solution (CoCoSo) method. Introduced in
2018, this method integrates several aggregation strategies, providing a compromise and stable solution
for complex multi-criteria decision-making problems (Yazdani et al., 2018).The novel combination of CIF-
SWARA and CoCoSo as a new hybrid approach in nationl studies of low-carbon neighborhoods is considered
a key methodological feature of this research.

Findings: The results of the weighted priority calculation of the research indicators show that the
public transportation system and the spatial adaptation of land uses to climatic characteristics, such as
prevailing wind direction, slope percentage and direction, etc. have received the highest weights. In contrast,
indicators such as strengthening high-speed internet infrastructure and avoiding the construction of public
parking (to encourage less physical mobility and reduce private vehicle use) have the lowest weights.

For ranking the studied neighborhoods based on the calculated weights of the indicators, the following
results were obtained:

- Vesal neighborhood (located in the internal urban fabric) ranked 1st,

- Valiasr Qasre Dasht neighborhood (located in the new urban fabric) ranked 2nd,
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- Sange Siah neighborhood (located in the historical and old urban fabric) ranked 3rd
in achieving the physical indicators of a low-carbon neighborhood.

Discussion and Conclusion: The findings of this research indicate that the physical indicators
influencing the realization of the low-carbon neighborhood model can be classified into three levels of
impact: foundational, intermediate, and supportive.

At the foundational level, the public transportation system, adaptation of land uses to climatic conditions,
and per-capita green space have the greatest direct impact on reducing carbon emissions. These findings
are consistent with the results of studies by Jabbarpour Mehrabadi and Abedini (2023), Roosta et al.
(2020), and Zhang (2021).

On the other hand, the comparative analysis of urban fabrics in Shiraz showed that the internal fabric
(Vesal neighborhood), due to its relative balance between physical structure and climatic performance,
has the highest potential for achieving low-carbon indicators. In contrast, the historical fabric (Sange Siah
neighborhood), despite its high density, ranked third due to conservation restrictions and infrastructure
limitations. This finding contradicts the study by Zeng et al. (2024), which considers density always positive,
and demonstrates that density alone is not sufficient, balance with infrastructure and climatic conditions
is essential.

By presenting practical implementation strategies tailored to each urban fabrics, this research proves
its effectiveness in applied urban planning. However, its main limitation is its exclusive focus on physical
dimensions while neglecting social and cultural aspects. It is recommended that future studies investigate
these social and cultural dimensions and, in the physical domain, determine the “optimal density threshold”
for achieving low-carbon goals.
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Highlights

- The novelty of this paper is to evaluate the physical potential of different urban fabric types in achieving low-carbon neighborhoods.

- Internal urban fabrics demonstrate greater potential for realizing low-carbon neighborhoods compared to both old/historic and new
fabrics.

- The application of the most recent extension fuzzy model, minimized uncertainty in criteria weighting.

- Public transportation, climate-responsive land use, and per-capita green space are identified as fundamental factors in low-carbon
neighborhoods.

Given the increasing importance of environmental challenges and the urgent need to |Received 10/05/2025
reduce greenhouse gas emissions, cities play an important role in mitigating climate |Rgevised 22/06/2025
change. Urban neighborhoods have taken shape during various phases of urban development,
reflecting the knowledge and approaches characteristic of each era, and thus exhibit distinct
physical features. Paying attention to the physical nature and typology of diverse urban fabrics
in the design and planning of low-carbon neighborhoods is a topic that has received limited
emphasis in previous studies. This study aimed to rank different urban fabric types based on
their physical potential and propose practical strategies to achieve low-carbon neighborhood
indicators. To this end, three neighborhoods in Shiraz, SangeSiah (historic/old fabric), Vesal
(internal fabric), and Valiasre Qasre Dasht (new fabric) were selected as case studies. Climate Change
Methodologically, this was an expert-oriented research. Data was collected from 7 urban | Low-Carbon Neighborhood
studies experts using the snowball sampling method. The study employed a multi-criteria |urban Fabric
decision-making framework: the Circular Intuitionistic Fuzzy SWARA (CIF SWARA) approach | circular Intuitionistic Fuzzy
was used for weighting the indicators, and the CoCoSo method was employed for ranking |swara

the different urban fabric types. The results highlight that, overall, the most impactful and
fundamental indicators for achieving a low-carbon neighborhood are the public transportation
system, the spatial adaptation of land uses to climatic characteristics, and the per-capita green
space. Conversely, indicators such as strengthening high-speed internet infrastructure and
avoiding the construction of public parking lots play supportive and complementary roles.
Crucially, the research found that the priority of indicators varies significantly depending on
the specific physical characteristics of the intervention area. Therefore, to propose effective
strategies and implementation policies for realizing low-carbon goals, it is of critical importance
to pay close attention to the unique capacities and distinctive features of each type of urban
fabric (historical, internal, and new).
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