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Abstract

Urban traffic congestion is one of the structural sustainability challenges of metropolitan areas,
generating extensive economic, environmental, and social consequences. The objective of this
paper is to develop a system dynamics model to identify the causal mechanisms underlying the
formation of congestion and to evaluate the effectiveness of integrated policy packages for travel
demand management in Tehran. This paper applied a mixed-methods approach. In the qualitative
phase, a systematic literature review and expert interviews were conducted to extract the causal
structure of the system and its feedback loops, and causal loop diagrams (CLDs) were developed.
In the quantitative phase, a stock—flow model was constructed in Vensim, calibrated using data
from 2001 to 2021 (with a mean behavior reproduction error of less than 5%), and policy
scenarios were simulated. Three primary scenarios were evaluated: (1) expansion of remote
services, (2) implementation of a tradable mobility quota system based on market-based travel
demand management instruments, and (3) integration of the second scenario with social
marketing interventions. The novelty of the study lies in integrating system dynamics modeling
with market-based travel demand management tools and behavioral interventions grounded in
social marketing within a unified policy framework. The findings provide a basis for designing
multi-instrument policy packages and phased implementation strategies for intelligent urban
traffic management. Simulation results over a 15-year horizon indicate that the scenario of
expanding remote services leads to a maximum reduction of approximately 3 to 5 percent in the
congestion index. In contrast, the implementation of the tradable mobility quota system results
in a reduction of about 53 percent in the congestion index. Combining this policy with social
marketing interventions accelerates behavioral adjustment and reduces the congestion index by
approximately 54 percent compared to the current trend. Furthermore, model estimates suggest
that the implementation of the integrated policy package, alongside improvements in other related
indicators, can reduce the congestion index by about 57 percent relative to the baseline scenario.
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