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Nov.ernber 12} 2025 pollution, and climate change has led to a decline in the quality of life in urban
Available online: environments. Global warming is intensifying day by day, and the average global
June 8, 2026 surface temperature is projected to rise by up to 4°C by the end of the 2Ist
century. This study aims to identify the indicators of low-carbon neighborhood
planning and evaluate the degree of alignment of the Elahiyeh neighborhood in
Mashhad with these indicators. Given that rapid urban growth and increasing
energy consumption have exacerbated environmental crises, neighborhood-
scale planning has gained special importance as an effective level for reducing
carbon emissions. This study adopts a descriptive—-analytical approach and
employs a combined method, integrating Delphi, Analytic Network Process (ANP),
and spatial analysis within the GIS environment. First, by reviewing previous
studies and consulting experts, a set of preliminary indicators was identified.
Then, through two rounds of the Delphi process, the final indicators were
determined. In the next stage, the relative importance of the indicators was
Keywords: calculated using the ANP model, and the final weights were integrated spatially
Low-Carbon in the GIS environment. The results indicate that approximately 70% of the blocks
Neighborhood, Climate in the Elahiyeh neighborhood exhibit a relatively high level of alignment with low-
Change, Network carbon indicators, while the indicators related to energy, transportation, and
Analysis, Delphi Method, local management have the highest weights in the model. The novelty of this
Evaluation Indicators, study lies in the integration of the Delphi method, ANP model, and GIS spatial
Elahiyeh Neighborhood, analysis to localize and assess low-carbon neighborhood indicators. The findings
Mashhad can serve as a foundation for urban policy-making aimed at reducing carbon
emissions and optimizing energy consumption at the neighborhood scale.
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1. Introduction

The increase in carbon dioxide (CO2)
emissions and greenhouse gases resulting
from the growing energy consumption
(especially in developing countries) has
been identified as the primary cause of the
climate change. In environmental
discussions, particularly regarding climate
change, the increase in carbon emissions
in urban areas can be highlighted. The
urban population is steadily increasing,
with more than 66% projected to live in
urban areas by 2050. Urbanization in Iran
has traditionally been planned based on
dependency and fossil fuel consumption.
As a result, there is a need for research
focused on achieving a new model for
resilient city development that can thrive
and adapt in a changing global context.

This research aims to achieve a
sustainable model for maintaining a
balance between the natural environment
and the human environment. In the field of
urban planning, concepts such as
sustainability, sustainable development
goals, and sustainable urbanization have
been introduced to reduce energy waste
and environmental pollution in cities.
From the perspective of sustainable urban
planning, one can refer to the concept of
low-carbon neighborhood planning. These
solutions, which are subsets of sustainable
urban planning strategies, can be
implemented at various scales within a
city. The neighborhood scale serves as a
suitable and effective basis for
implementing principles and strategies of
low-carbon urban planning. Therefore, it
is essential and important to provide
solutions at the neighborhood scale to
address this phenomenon. Hence, this
research aims to answer the following
questions: 1- What are the principles of
low-carbon neighborhood planning? 2- To
what  extent does the  Elahieh

neighborhood in Mashhad possess the
indicators of low-carbon neighborhoods?

2. Research Methodology

This research, considering its objectives, is
an applied and developmental study, and
its dominant approach is descriptive-
analytical. It aims to increase productivity
and low-carbon development, and its
results can be utilized by practitioners,
planners, and policymakers in this field.
On the other hand, it can be described as
a descriptive study as it examines the
current situation. In a way, this project can
be considered exploratory as it explores
the future of low-carbon neighborhoods
and related issues. The data collection was
done through library research and
document analysis, focusing on providing
information on the current status in
relation to the research objectives. In this
research, a combined Delphi-ANP model
with an emphasis on regression tests,
Cronbach's alpha, and correlation
coefficients in SPSS was used for data
analysis. The Likert method was employed
to measure and analyze the indicators of
low-carbon neighborhoods. After
harmonizing the measurement layers
through fuzzy logic and converting them
into Raster format, the layers were
overlaid in ArcMap software based on their
respective weights. This implementation
and presentation were carried out in the
Elahieh neighbourhood.

3. Research Findings

The findings revealed that there is a strong
correlation between low-carbon
neighborhoods and the phenomenon of
climate change. The factors extracted
from the analysis and data decomposition
through the Delphi and ANP techniques,
Likert scale, and GIS integration
demonstrated the level of alignment of the
Elahieh neighborhood in Mashhad with
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the principles of low-carbon planning. By
fuzzyizing the Likert scale items in ARC
MAP and weighting them based on the
final weights obtained from ANP, it is
evident that approximately 70% of the
neighborhood aligns with low-carbon
criteria. The northeastern block shows the
highest level of alignment, with weights
ranging from 0.563 to 0.7476. On the other
hand, the northwestern block exhibits the
lowest level of alignment with low-carbon
criteria, with weights ranging from 0.1623
to 0.3746. This indicates that it has the
least alignment with the criteria.

4. Conclusion

As mentioned, achieving low-carbon
neighborhoods requires the deployment
of renewable energy alternatives or
improving energy efficiency in existing
systems.  Neighborhoods, due to
population density and the concentration
of economic and social activities, are the
main centers of resource consumption
and waste  generation. Reducing
greenhouse gas emissions can be achieved
through changes in behavior, technology,
and more efficient urban planning
strategies, and protecting carbon reserves
in urban soils can contribute to reducing
greenhouse gas emissions. Therefore, the
following factors should be considered to
create a more sustainable and resilient
neighborhood: 1. Energy Efficiency:
Promoting energy-efficient buildings and
infrastructure, encouraging the use of
renewable energy  sources, and
implementing energy-saving measures in
residential, commercial, and public
spaces; 2. Sustainable Transportation:
Developing a comprehensive and efficient
public transportation system, promoting
non-motorized transportation options
such as walking and cycling, and reducing
reliance on private vehicles; 3. Waste
Management: Implementing effective

waste management practices, including
recycling, composting, and waste
reduction measures, to minimize waste
generation and promote a circular
economy; 4. Green Spaces and Urban
Biodiversity: Enhancing and preserving
green spaces, parks, and urban forests,
promoting urban agriculture, and creating
habitats for native flora and fauna to
improve air quality, reduce the heat island
effect, and enhance biodiversity; 5. Water
Conservation: Implementing water-saving
measures, promoting rainwater harvesting
and greywater reuse systems, and raising
awareness about water conservation
practices among residents; and 6.
Community Engagement: Encouraging
community participation and involvement
in decision-making processes, fostering a
sense of ownership and responsibility
among residents, and  promoting
sustainable lifestyle choices. By addressing
these factors, a neighborhood can
transform into a more sustainable and
resilient community, contributing to the
reduction of greenhouse gas emissions
and the overall well-being of its residents.
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