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* Bidirectional Dynamics
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* Land Use and Transport Integration
* Kernel Density Estimation - KDE
'* Hot Spots

" Thematic Analysis
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Figure Y: Zoning of the detailed plan of Zanjan city (Source: Adapted and redesigned from Zanjan Province
Surveying, Y+ Y¢; Design: Researcher)
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Figure v: Land use map of the central part of Zanjan city (Source: Adapted and redesigned from Zanjan Province
Mapping Organization, v-Y¥f; Design: Researcher)
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Figure ¢: Access hierarchy map in the central part of Zanjan city (Source: Adapted and redesigned from Zanjan
Municipality Transport and Traffic Organization, Y+ Y ¢; Design: Researcher)
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Figure ¢: (From right to left) Distribution maps of administrative, educational, commercial, and cultural-religious-sports

uses in the central part of Zanjan city (Source: Adapted and redesigned from data by Zanjan City Transport and Traffic
Organization, Y« Ye; Design and composition: Researcher)
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Figure #: (From right to left) Traffic volume maps during the morning peak period ( ¥-\-AM) for administrative,

educational, commercial, and cultural-religious-sports uses (Source: Adapted and redesigned from data by Zanjan City
Transport and Traffic Organization, Y-va; Design and composition: Researcher)
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Figure v: (From right to left) Traffic volume maps during the afternoon peak period ( £-y4 PM) for

administrative, educational, commercial, and cultural-religious-sports uses (Source: Adapted and redesigned
from data by Zanjan City Transport and Traffic Organization, Y-v&; Design and composition: Researcher)
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Table v: Correlation between transportation variables and spatial distance (Source: Research findings, Y-Ya)
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Table Y: Results of multivariate linear regression analysis for traffic volume prediction (Source: Research findings, ¢+ ¢)
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Table v: SWOT analysis of land use and transportation structure of Zanjan city (Source: Researcher's analysis of
interview data, v-Y4)
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Table £: Summary of overlap between quantitative and qualitative findings (Source: Research findings, v-Ya)
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Analysis of the Spatiotemporal Relationship between Land Use and Traffic
Load in the Central Fabric of Zanjan City Using a Combined Approach

Solmaz Ahmadi Barough'*

Abstract

The increase in urban traffic congestion resulting from the unbalanced distribution of land uses and
uncontrolled urban expansion is one of the main challenges of urban management in developing
countries. This study aims to analyze the spatiotemporal relationship between land use patterns and
traffic load in the central district of Zanjan city and to propose integrated solutions based on the
theoretical framework of bidirectional dynamics and Land Use and Transportation Integration
(LUTI). The present study employs a mixed-methods (quantitative-qualitative) approach, utilizing
spatial analysis techniques—including Kernel Density Estimation (KDE) and Geographic
Information Systems (GIS)—thematic content analysis of semi-structured interviews with Y¢
experts, and the completion of Y-+ questionnaires distributed among residents and users of the
area. The data used consist of land use maps, traffic data from the Transportation Organization,
and field surveys. Findings indicate that the heavy concentration of administrative, educational,
and commercial land uses along the main arteries (Imam Khomeini, Shohada, and Valiasr) has led
to the formation of traffic hotspots during peak hours and increased travel distances. Field surveys
and questionnaire analyses also reveal a °VY/Z dependence on private vehicles and public
dissatisfaction with public transportation. On the other hand, qualitative analyses (SWOT and
Thematic) highlight institutional coordination gaps, inadequate parking management, and the
implementation of fragmented policies. Accordingly, proposed solutions are presented across four
key areas: spatial decentralization, multipolar development, public transportation improvement,
pedestrian and cycling infrastructure development, urban landscape enhancement, and the
establishment of an LUTI coordination council. This research contributes to the theoretical and
practical integration of land use and transportation planning for medium-sized cities in Iran.

Keywords: Urban Traffic, Spatiotemporal Analysis, Land Use and Transportation Integration
(LUTI), Kernel Density Estimation (KDE), Multipolar Development.

Introduction

Urban traffic congestion, resulting from unbalanced land-use distribution and uncontrolled urban
expansion, poses a significant challenge for urban management in developing countries. In
medium-sized Iranian cities like Zanjan, this issue is exacerbated by the intense concentration of
administrative and commercial activities in the central core. This study is grounded in the
theoretical frameworks of Bidirectional Dynamics and Land Use and Transportation Integration
(LUTI). It seeks to analyze the spatiotemporal relationship between land-use patterns and traffic
load in Zanjan's central district and propose integrated planning solutions to mitigate traffic
congestion and foster sustainable urban development.

'* * Faculty, Architectural Engineering, Department of Art and Architecture, Payam Noor University, Tehran, Iran.
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Methodology

This research employs a mixed-methods (quantitative-qualitative) approach. The quantitative
component involved spatial analysis using Geographic Information Systems (GIS) and Kernel
Density Estimation (KDE) to identify traffic hotspots and their correlation with land-use
concentrations. Traffic volume, land-use maps, and field survey data were utilized. Furthermore,
Y+« questionnaires were administered to residents and users of the central area to quantify travel
behavior. The qualitative component consisted of thematic content analysis of semi-structured
interviews with Y¢ urban planning and transportation experts. A SWOT analysis was also
conducted to identify institutional and strategic challenges. Data triangulation ensured validity, and
questionnaire reliability was confirmed with a Cronbach's alpha of + /A1,

Discussion

The findings reveal a strong spatiotemporal relationship between land use and traffic. A heavy
concentration of administrative, educational, and commercial land uses along the main arteries
(Imam Khomeini, Shohada, and Valiasr) has created significant traffic hotspots during peak hours.
Spatial analysis showed a clear shift of traffic nuclei from administrative zones in the morning to
commercial zones in the afternoon, empirically validating the Bidirectional Dynamics theory.
Questionnaire results indicated a ©V7 dependence on private vehicles, correlated with longer travel
distances from the city center (r=+/7)). Multivariate regression identified administrative land-use
density as the strongest predictor of traffic volume (B=-+/¢¢). Qualitative analyses highlighted
critical institutional weaknesses, including a lack of coordination between urban planning and
transportation bodies, inadequate parking management, and the implementation of fragmented
policies, which collectively hinder sustainable transportation planning.

Conclusion

The study concludes that the monocentric concentration of trip-attracting land uses in Zanjan's
core, coupled with weak public transportation and non-motorized infrastructure, is the primary
cause of traffic congestion. The research underscores the necessity of an integrated LUTI approach.
Proposed strategies are categorized into four pillars:

V) Spatial-Physical Strategies: spatial decentralization and multipolar development to distribute
activities.

¥) Transportation Strategies: improving public transport (e.g., BRT) and developing pedestrian
and cycling infrastructure.

¥) Institutional-Managerial Strategies: establishing an LUTI coordination council to bridge
institutional gaps.

£) Urban Landscape Enhancement: This research provides a validated, context-specific model
for integrating land-use and transportation planning, offering a replicable framework for other
medium-sized cities in Iran and similar contexts.
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