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Abstract

The current research is a foresight study to find the key drivers of air pollution in Tehran using an
exploratory-applied approach. The research was carried out by combining foresight method with fuzzy
Delphi method and cross-effects analysis. Application of fuzzy logic accommodated uncertainty in experts'
judgments and provided a means of achieving consensus among opinions. The experts identified the most
critical drivers of air pollution. The required data were collected and analyzed by reviewing previous
research and referring to experts' opinions through interviews and questionnaires. After the literature review,
88 factors affecting air pollution were listed using the PESTEL technique. Then based on experts’ opinions
and using the fuzzy Delphi method, a cut-off level 3.9 was applied to the original list of pollution drivers that
singled out 36 out of 88 factors. In the next step, pairwise comparisons between the influential factors were
made using experts’ views. The most critical factors were investigated and measured by analyzing the
mutual effects matrix. The results showed that among the selected 36 factors, 12 are of higher importance in
Tehran including: innovation in urban management, degree of support by environmental officials,
government policies, government intervention, number of vehicles, research and development, price of
energy carriers, monitoring of pollutions, quality of industries, population growth, impact of consumption
norms, and investment in clean energy. We conclude that to more effectively manage air pollution in Tehran,
the first step is to pay attention to the 12 mentioned drivers we defined above.
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Introduction

Air pollution is one of the most tangible environmental challenges in many countries worldwide. In recent
years, air pollution and the environmental crisis in megacities have become primary concerns for
policymakers and authorities, with significant efforts focused on understanding its aspects and influencing
factors. Tehran, as Iran's political, economic, and communicative hub, repeatedly faces unhealthy and
polluted days each year. Unfortunately, these conditions have failed to provide a desirable living
environment for residents, positioning Tehran among the world's most polluted cities.

Undoubtedly, resolving Tehran's air pollution crisis is a complex issue involving multiple influential actors,
requiring the development of an operational plan to achieve objectives through appropriate structuring and
strategy formulation. Oversimplifying the problem, overlooking key actors, or ignoring their perspectives
could lead to ineffective solutions. Formulating macro-level strategies is a time-consuming and costly
process that demands careful handling. Thus, strategy development for addressing Tehran's air pollution
crisis includes identifying the key drivers of pollution.

Futures studies enable decision-makers to navigate highly complex and uncertain issues by focusing on key
drivers to overcome ambiguous and elusive challenges. Unlike prediction, futures studies is a technique for
constructing the future based on current desires and actions, rather than a deterministic or unchangeable fate.
It involves logical analyses and objective judgments that effectively reduce managerial complexity. Futures
studies is an interdisciplinary, participatory, and action-oriented science. Its first and most critical step is
identifying key drivers, which serve as a steering mechanism—much like a steering wheel that redirects a
vehicle's path. Ignoring these drivers in a system can have detrimental effects on overall management.
Therefore, their identification and prioritization are essential.

The objective of this study is to propose a framework for analyzing and identifying the most critical drivers
of air pollution in Tehran through expert participation, thereby achieving a clear understanding of the current
situation and its management. By focusing on these key drivers, other influenced factors can be controlled
and directed toward cleaner air planning.

Methodology

This research employs the PESTEL technique, fuzzy Delphi, and cross-impact analysis. PESTEL stands for
Political, Economic, Social, Technological, Environmental, and Legal factors. Through literature review and
expert consultations, all air pollution factors were listed, resulting in 88 factors after removing duplicates and
merging similar factors. Given the high number and dispersion of factors across perspectives, the qualitative
PESTEL technique was used for classification and structuring, identifying six main influential categories.
This framework not only aids problem comprehension but also forms a pillar of strategic management.
Delphi is an expert-driven group decision-making method aimed at achieving consensus on specific topics.
In classical Delphi, experts provide crisp numerical opinions, yet they draw on subjective expertise amid
inherent uncertainties. Applying fuzzy theory to Delphi addresses shortcomings such as imprecise data,
subjective biases in expert judgments, and challenges in quantifying full knowledge into single numbers.
Delphi can be used for forecasting (typically multi-round) or screening (single-round).

This study combines futures studies methods including fuzzy Delphi and cross-impact analysis. Cross-impact
analysis detects interdependencies by rating each trend's influence on others. It is a semi-quantitative method
that analyzes cross-relationships within a matrix, beyond simple cause-effect links, across system micro-
components. As a futures research tool, it reveals a variable's role relative to others, highlighting those with
significant future system development impacts. The method forecasts the influence (or likelihood) of one
variable on another, aggregates these cross-impacts, and—based on experts—assesses independent
occurrence probabilities alongside conditional influences. Paired comparisons via structural analysis interpret
relationships in multidimensional, complex systems, simplifying them to identify key and driving variables.

Results and Discussion
In exploratory research, identifying the most critical underlying elements of a phenomenon is paramount.
Fuzzy Delphi can determine factor importance and screen key indicators. Here, a single round was used for
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summarization and screening. Expert opinions were classified into six thresholds (3, 3.5, 3.7, 3.8, 3.9, and 4),
with 3.9 selected as the threshold per the research team, yielding 36 criteria for the next stage.

A 36x36 cross-impact matrix was then constructed using MICMAC software to examine pairwise
relationships among selected variables. Questionnaires were completed by experts, aggregated via the 11th
representative to a single input for MICMAC. The matrix achieved 100% optimality after two data rotations,
indicating high validity. The fill rate (12)—the percentage of non-zero cells (values 1, 2, 3, or P) to total
cells—indicates direct relationship complexity; a higher rate signals greater complexity and potential
indirect/uncertain links. This study's fill rate was 89%. The vertical axis shows a variable's influence, and the
horizontal axis its dependence.

MICMAC outputs classify variables into four groups:

Group 1 (Driving variables): Innovation, government policy importance, government change effects,
R&D, population, industries, societal attitudes, industrialization, technology, and regulations. These
highly influence the system with low dependence, making them priority targets.

Group 2 (Unstable/key variables): Environmental support officials, vehicle numbers, clean energy
investment, energy carrier prices, pollutant emission monitoring, consumption patterns, smart city, private
transport costs, awareness-raising, pollution fees, traffic, vehicle quality. These have balanced influence
and dependence, rendering them unstable; changes propagate widely, marking them as key system
variables prone to debate.

Group 3 (Dependent variables): Transport attractiveness, public transport costs, transport development,
trip per capita, climate, transport efficiency, infrastructure, cycling, fuel, green spaces. These are
influenced by Groups 1 and 2.

Group 4 (Independent variables): Policy conflicts, education budget, industry impact, land use. These
neither strongly influence nor depend on others, operating autonomously.

Indirect relationship matrices are derived by iteratively multiplying direct matrices until stabilization,
revealing hidden system variables.

Displacement Map: Influence vs. Dependence

MICMAC analysis showing factor positioning across quadrants
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Fig. 1. MICMAC Displacement Map: Influence-Dependence Analysis of
Tehran Air Pollution Drivers (N=36 variables)
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Conclusion

Resolving Tehran's air pollution crisis is complex, involving multiple actors, and requires structured
operational planning and strategy formulation. Oversimplification risks ineffective solutions, while macro-
strategies demand substantial resources.

Advances in futures studies have integrated its techniques into planning, including key factor analysis and
driver identification. This leads to flexible policy frameworks via scenario design based on main drivers.
This study combines fuzzy Delphi (for expert convergence) and cross-impact analysis (for
interdependencies). Fuzzy Delphi refined initial drivers, while cross-impact identified keys. Key drivers
enable maximum impact with minimal cost.

Success depends on effective interactions among keys. Results allow assessing Tehran's air pollution,
proposing solutions, and guiding policy via driver relationships. The MICMAC plot shows no L-pattern,
indicating system instability, volatility, and complexity.

Recommendations focus on key drivers: urban management innovation, environmental officials, government
policy importance, government interventions, vehicle numbers, R&D, energy prices, emission monitoring,
industrial quality, population growth, consumption patterns, clean energy investment.
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