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I ntroduction: Climate change and energy-related challenges have become some of the most significant
global concerns, affecting both natural and human systems. Human activities, particularly those associated
with urban development, are among the main factors contributing to the intensification of these challenges.
As urbanization has accelerated over the past decades, the share of the global population living in urban
areas is expected to reach approximately 70% by 2050. This rapid urban growth has increased the exposure
of cities to extreme weather events and their environmental and social consequences.

Cities are also responsible for a substantial share of global energy consumption and pollutant emissions.
As a result, increasing attention has been given to strategies for reducing carbon emissions at the urban and
regional scales. Within this context, the low-carbon city approach has emerged as a practical framework
for reducing carbon emissions, improving urban environmental quality, and strengthening the resilience of
urban communities. Beyond reducing greenhouse gas emissions, this approach can improve quality of life
and reduce urban vulnerability by promoting more efficient energy consumption, sustainable transportation
patterns, and more efficient use of urban space.

From this perspective, regional-scale planning and policymaking can play an important role in translating the
objectives of low-carbon development into practical measures that reflect the specific characteristics and ca-
pacities of each area. Identifying these characteristics is therefore essential for developing effective low-car-
bon strategies. This is particularly relevant in complex and diverse urban districts, where environmental,
spatial, economic, and social conditions can affect both the feasibility and effectiveness of carbon-reduction
measures.

he Purpose of the Research: This study aims to develop a strategic policy framework for Tehran’s Dis-

trict 12 based on the low-carbon city approach. The research examines the conditions required to move
the district toward low-carbon urban development by focusing on urban planning and identifying the main
factors affecting carbon emission reduction.
To this end, the key components and factors influencing the realization of a low-carbon city were identified
and assessed, and appropriate planning solutions and strategies were developed for District 12. The ultimate
goal is to propose practical strategies that are consistent with the district’s characteristics and existing con-
ditions and can support the implementation of the low-carbon city approach and guide future urban planning
and policymaking in the area.

I\/I ethodology: This applied study adopts a mixed-methods approach that combines quantitative and
qualitative methods. The theoretical framework was developed through library and documentary re-
search. The data required for the assessment and analysis were obtained from higher-level planning docu-

.
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ments, field observations, and air quality monitoring station records.

For the social dimension, data were collected through interviews and analyzed using qualitative content analysis and a three-stage
coding process consisting of open, axial, and selective coding. For the other indicators, existing documents and current-condition
maps were analyzed using ArcGIS and Excel to conduct spatial and statistical analyses.

The results of these analyses were then incorporated into the strategic planning process. Three complementary methods—SWOT
analysis, the Analytic Network Process (ANP), and the Quantitative Strategic Planning Matrix (QSPM)— were combined to identify :
and evaluate factors, formulate strategies, and prioritize them. The combination of these methods made it possible to move from:
identifying the district’s current problems and capacities to determining the relative importance of the key factors and selecting the :
< most appropriate strategies.

< First, SWOT analysis, together with the Internal Factor Evaluation (IFE) and External Factor Evaluation (EFE) matrices, was used
Eto identify and classify the internal and external factors affecting the district as strengths, weaknesses, opportunities, and threats.
: These factors were then combined to formulate four groups of strategies: SO, WO, ST, and WT. This process was used to determine
< the district’s dominant strategic position.

< In the next stage, the key factors were weighted using the Analytic Network Process (ANP), based on expert judgments and pairwise
< comparisons, to determine their relative importance in relation to the low-carbon city objective. Finally, the resulting factor weights
s and the attractiveness scores assigned by experts were entered into the QSPM. The strategies derived from the dominant strategic
position were then evaluated and ranked according to their total attractiveness scores.
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Findings and Discussion: The existing conditions of Tehran’s District 12 were first assessed using low-carbon city indicators &
across six dimensions: physical, transportation, energy, environmental, economic, and social. Particular attention was given§
< to the social dimension, which was examined through interview analysis and qualitative coding, as well as to selected quantitative :
< indicators related to the physical, environmental, economic, and transportation dimensions. This assessment provided an overall ¢
< picture of the district’s existing conditions and capacities and helped identify the internal and external factors affecting its transition
< toward low-carbon development.

< In the physical dimension, land-use diversity, the spatial distribution of land uses, and distances from urban centers were examined.
¢ The Shannon entropy results indicate that the district has a relatively appropriate level of land-use diversity. However, these uses are
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< not distributed evenly throughout the district, resulting in spatial imbalances in the provision and distribution of different activities.
: In the environmental dimension, access to green spaces was evaluated using 300-, 500-, and 700-meter service radii. The results:
: show that the northern, northwestern, and central parts of District 12 have inadequate access to green spaces. These areas therefore &
require greater attention in future planning to improve the distribution and accessibility of urban green spaces.
: In the economic dimension, the district’s capacity to provide employment opportunities and reduce residents’ dependence on urban :
§trave| was assessed by calculating the ratio of employment-generating land uses—including commercial, administrative, industri-§
< al-workshop, educational, and healthcare uses—to residential land uses. Field observations and spatial analysis showed that com- ¢
< mercial activities and other employment-generating uses are concentrated mainly along a limited number of corridors. At the same :
< time, many residential areas have limited access to local employment opportunities, which can increase the need for travel outside :
: the immediate neighborhood.

: In the transportation dimension, ArcGIS network analysis was used to assess access to metro stations within 300-, 500-, and 700-me-
< ter radii. The results indicate that the northern parts and some areas in the west of the district have relatively good access to metro
< stations within the 700-meter radius, whereas access is less satisfactory in the central and southern parts. Overall, approximately :
70% of the study area is located within 700 meters of a metro station. The average distance from parcels to metro stations, calculated
using the Near tool in ArcGIS, was estimated at 529.8 meters.
§For the qualitative assessment of the social indicators associated with the low-carbon city approach, a semi-structured interviews

. guide was first developed. In-depth interviews were then conducted with 25 local community representatives and long-term residents ¢
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susing snowball sampling. The interview data were analyzed through a three-stage coding process. The resulting findings, togethers
< with the quantitative results, were used in the SWOT analysis and the IFE/EFE matrices to identify the district’s strengths, weak- ¢
< nesses, opportunities, and threats.
< The IFE and EFE results produced weighted scores of 2.02 and 2.08, respectively. Since both scores are below the average value of :
¢ 2.5, the district’s internal and external conditions can be considered unfavorable. Internally, weaknesses have a greater influence than
< strengths, while externally, threats outweigh available opportunities. Taken together, these results place District 12 in a defensive :
+ (WT) strategic position. Therefore, the strategies developed in the subsequent stages focused primarily on reducing existing weak- :
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nesses and using available capacities to respond to external threats.

A total of 20 internal and 19 external factors were initially identified and evaluated through the IFE and EFE matrices. Only the factors
considered strategically important for achieving the low-carbon city objective were subsequently included in the ANP model. Factors
with weighted scores above the average, along with those identified by experts as having a particularly important strategic role, were
selected. In total, 10 internal and 10 external factors were identified as key factors and entered into the ANP model to determine their
final weights.

The ANP network was developed using Super Decisions software. After establishing the network structure, expert judgments were
collected through pairwise comparisons. The four SWOT clusters were first compared with respect to the research objective to de-
termine their relative importance. Pairwise comparisons were then performed among the factors within each cluster, along with the
required dependency comparisons, using the 1-9 scale.

In the computational stage, the initial supermatrix was constructed first. The cluster weights were then applied to obtain the weighted
supermatrix, followed by calculation of the limit supermatrix through repeated multiplication of the weighted supermatrix. The re-
sulting limit supermatrix provided the final weights of the key factors in relation to the low-carbon city objective. These final weights
were subsequently used in the QSPM as the basis for evaluating and ranking the proposed strategies.

The ANP results show that weaknesses, with a weight of 0.402, and threats, with a weight of 0.342, had the greatest influence on
achieving the low-carbon city objective. In comparison, strengths and opportunities received lower weights of 0.168 and 0.086, re-
spectively. These results suggest that, from the experts’ perspective, the district’s transition toward low-carbon development is more
strongly constrained by existing internal weaknesses and external pressures than supported by its strengths and available opportunities.
The weighted key factors and the strategies derived from the dominant WT position were then entered into the QSPM. The strategies
were evaluated based on their attractiveness scores and subsequently ranked according to their total scores.

The results show that reducing transportation-related pollution through improving the clean transportation network—including walk-
ing, cycling, and electric vehicles—was the highest-priority strategy, with a score of 2.68. The second-ranked strategy, with a score of
1.57, focused on expanding the use of renewable and clean energy in buildings and vehicles while promoting more responsible energy
consumption among residents.

The third priority was improving the location and balanced spatial distribution of urban land uses across the district, with a score of
1.55. This was followed by upgrading the waste collection and separation system to reduce pollution and increase recycling, with a
score of 1.38. The fifth-ranked strategy, with a score of 1.29, focused on renovating and upgrading deteriorated urban areas through
consolidation schemes in problematic areas. Finally, improving social conditions through greater citizen participation, strengthening
neighborhood attachment, and organizing informal employment received the lowest score, at 1.24.

Overall, the findings demonstrate that addressing the district’s existing weaknesses and external threats should be a central priority in
its transition toward a low-carbon urban structure. They also indicate that transportation, energy, and spatial organization are closely
interconnected and should therefore be addressed through an integrated planning framework rather than through isolated interventions.
The findings further suggest that the effectiveness of low-carbon policies depends not only on selecting appropriate strategies but also
on their compatibility with local conditions. In District 12, the concentration of commercial and workshop activities, uneven distribu-
tion of services, and differences in access to transportation and green spaces create spatial patterns that can affect travel demand and
energy consumption. Therefore, strategies should be adapted to the characteristics of different parts of the district rather than imple-
mented uniformly across the entire area.

onclusion: The findings of this study indicate that moving Tehran’s District 12 toward a low-carbon urban structure requires a coor-

dinated set of interventions in sustainable transportation, energy management, and spatial-functional organization. The prioritization
results further suggest that addressing transportation, energy, and spatial issues together can provide a more effective pathway for reduc-
ing carbon emissions and improving the environmental quality of the district. An integrated approach to planning and implementation is
therefore essential for achieving the long-term objectives of low-carbon urban development.
The findings can also provide a basis for managerial decision-making and the development of action plans at the district scale. Among the
main policy and implementation recommendations are replacing fossil fuels with cleaner alternatives; using biofuels such as biodiesel,
bioethanol, and biogas in public transportation; installing solar panels in public facilities and land uses to generate renewable energy;
relocating warehouse and workshop activities concentrated in the Bazaar area to other suitable parts of the district; consolidating deterio-
rated parcels in areas surrounding the Bazaar while incorporating carbon-reduction objectives; providing incentives for the renovation of
deteriorated urban areas; and ensuring a more balanced distribution of public service land uses throughout the district.
In addition, establishing local social institutions and organizations under the supervision of neighborhood managers can help strengthen
cooperation and citizen participation in different areas of urban management. Finally, greater attention to implementation mechanisms,
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coordination among relevant sectors, and the use of local capacities can improve the feasibility and effectiveness of the proposed strat-
egies and facilitate their implementation over the long term.
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Highlight

- Formulation of a comprehensive urban policymaking framework for achieving a low-carbon city in Tehran’s District 12.
- The imperative of adopting a low-carbon city approach in response to climate change and its impact on natural systems.
- The primary priorities for carbon emission reduction in District 12 include mitigating transportation-related pollution, advancing clean transportation, s
and promoting renewable energy development alongside energy consumption management.
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< Introduction: Climate change and energy-related
< challenges have bClimate change and energy-related
< challenges have become major global concerns, many
< of which are closely linked to human activities in ur-
ban areas. At the same time, the rate of urbanization
Shas increased significantly over the past decades and
+ is expected to reach nearly 70% by 2050. This rapid
< urban growth has made cities increasingly vulnerable
: to extreme weather events and their environmental and
: social consequences. In this context, reducing carbon
: emissions at the urban scale has become increasing-
fly important, and the low-carbon city approach has
emerged as one of the main approaches for addressing
: these challenges.

¢ Purpose of the Research: This study aims to develop
< a strategic policy framework for Tehran’s District 12
< based on the low-carbon city approach.

< Methodology: The study is applied in terms of its pur-
< pose and uses a mixed-methods approach, combining
< quantitative and qualitative methods. The theoretical
« framework was developed through library and docu-
< mentary research. The analytical data were collected
: from higher-level planning documents, field observa-
< tions, and data obtained from air quality monitoring
: stations. For the social dimension, interviews were an-
: alyzed using content analysis and a coding approach.
< Data analysis was carried out using ArcGIS and Excel.
ESWOT, ANP, and QSPM were then used together to
identify, evaluate, and prioritize appropriate strategies.
Findings and Discussion: The current condition of
: Tehran’s District 12 was first evaluated using low-car-
+ bon city indicators covering six dimensions: physical
+ structure, transportation, energy, environment, econo-
< my, and social conditions. The strengths, weaknesses,
opportunities, and threats affecting the development of
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. a low-carbon city were then identified through SWOT

« analysis. The results indicated that the WT strategy
+was the dominant strategic approach. The relative

.
.

« importance of the key factors was subsequently deter-
< mined using the ANP method and expert judgments.
< Based on these results, the proposed strategies were
< evaluated and prioritized using the QSPM matrix.

: Conclusion: The findings show that improving clean
Etransportation, with a score of 2.68, has the highest
< priority for achieving a low-carbon city in District
12, while improving social conditions, with a score of
< 1.24, has the lowest priority. The results also suggest
that the transition toward a low-carbon city in District
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cand requires coordinated measures in sustainable
Etransportation, energy management, and spatial and
: functional organization. Key recommendations in-
: clude replacing fossil fuels with cleaner alternatives,
fexpanding the use of solar energy, relocating work-
shop activities within the Bazaar area to other suitable
: parts of the district, and achieving a more balanced
< distribution of public service land uses.
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1- Low-Carbon City

2- Difference-in-Differences

3- IFE (Internal Factor Evaluation)
4- EFE (External Factors Evaluation)
5- Snowball sampling

6- Open Coding

7- Axial Coding

8- Selective Coding

9- Cluster

10- Unweighted Supermatrix

11- Weighted Supermatrix

12- Limit Matrix

13- Attractiveness Score

14- Total Attractiveness Score
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