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Objective: This study uses a spatio-temporal approach to investigate the dispersion pattern of
carbon monoxide emitted by vehicle traffic at near-ground altitude levels, on a local scale and
within a part of Tehran, an environment whose complex and heterogeneous urban structure
significantly influences the dispersion process of air pollutants.

Method: After identifying the parameters affecting the movement of carbon monoxide, these
parameters were classified into 3 categories: climatic, spatial, and traffic-related criteria. The
GRAL model was used to analyze the behavior of carbon monoxide. The movement dynamics and
concentration of CO were modeled within a one-hour period after emission, at 5 altitude levels
along a section of North Kargar Street in Tehran. To evaluate the model's performance, the
Pearson correlation coefficient and the mean bias error statistical indices were evaluated.

Results: The highest correlation between predicted and measured values was obtained at the
altitude level of 10.5 meters, and the lowest value at a height of 26 meters. It shows that building
walls and the height of the sampling station play an effective role. At lower altitudes (2 and 4.5
meters), due to the presence of building obstacles and weak wind currents, higher CO
concentrations and a positive model bias were observed. Nevertheless, the results obtained were
statistically significant. Besides, the highest concentration of carbon monoxide was recorded at
street level and near the entrances of alleys. If the wind direction is aligned with the street axis, the
street acts as a duct for the evacuation of carbon monoxide; however, if the wind blows
perpendicular to the traffic direction, the alley entrances become focus point for the accumulation
and evacuation of pollutant.

Conclusions: Variables such as the geometry of urban thoroughfares, building heights, wind
direction, and atmospheric stability give rise to various scenarios of CO dispersion in the urban
environment. The evidence obtained indicates that the highest density of carbon monoxide, both in
terms of persistence duration and accumulation volume, occurs at altitudes below 30 meters,
coinciding with the typical human breathing height. These findings underscore the critical
importance of local-scale air quality modeling that accounts for the complex morphological
features and turbulent flow regimes characteristic of the urban environment.
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Introduction

Urban pollutant dispersion modeling is essential for designing effective air quality management
strategies, conducted across global, regional, and local scales. Local-scale modeling in particular is crucial
for capturing the fine-scale heterogeneity of urban environments, such as complex morphology, traffic
emissions, and microclimatic dynamics. In dense urban areas, pollutant distribution is influenced by factors
like street geometry, building height, wind patterns, and traffic intensity especially during peak hours. spatio-
temporal modeling is a robust approach for simulating pollutant behavior at the local-scale, integrating
small-scale atmospheric processes and dynamic conditions. Differential equation-based bottom-up
simulation techniques are highly effective for capturing pollutant dispersion in complex urban settings. In
Tehran, over 90% of air pollution is caused by vehicular emissions, with carbon monoxide (CO) being a
major contributor, especially during the colder months. This study investigates the short-term dispersion of
CO from traffic emissions in Tehran using the GRAL spatio-temporal framework, focusing on five vertical
layers at street level.

Method

This study was conducted in four main phases. First, a representative urban area was selected based on
the objectives of the research. Then GRAL dispersion model was adopted from various available dispersion
models due to its suitability for high-resolution, local-scale air quality simulations, and the necessary input
datasets were gathered, focusing on meteorological, topographic, morphological, and traffic-related
parameters known to influence pollutant dispersion. Finally, the model was executed and its outputs were
validated against known conditions. The study area is a segment of Kargar Street located in District 6 of
Tehran. This site was selected due to its complex urban and traffic characteristics, including the presence of
major educational and healthcare institutions, which contribute to high levels of both pedestrian and
vehicular activity. The corridor serves as a major north-south route, linking key highways and arterial roads.
Features such as narrow road width, multiple intersections, frequent U-turns, and recurrent traffic congestion
during midday and evening peaks significantly contribute to elevated emissions from mobile sources.
Moreover, the area is characterized by high building density and narrow urban canyons, which limit natural
ventilation and facilitate pollutant accumulation. For dispersion modeling, the GRAL model was selected
due to its hybrid Eulerian-Lagrangian framework and its demonstrated effectiveness in simulating CO
transport in complex urban geometries. Meteorological conditions, particularly wind speed and direction
were treated as key input variables. Atmospheric stability classes were determined using the Pasquill-Gifford
classification scheme, and additional meteorological parameters such as ambient temperature, inversion
layers, and cloud cover were incorporated. Meteorological data corresponding to autumn 2023 during the
midday traffic peak (12:00-13:00) were obtained from the National Meteorological Organization. Urban
morphology also plays a significant role in shaping pollutant concentrations. Building heights within the
domain were estimated based on the number of floors, assuming a standard height of 3 meters per floor, with
observed values ranging from 3 to 24 meters. Traffic volume data were used to estimate CO emissions, as
vehicular activity is a major contributor to urban air pollution. The emission rate of CO was calculated using
the following equation:

TAh = Z th,l X lkm X VFt,km,V (1)
I
Model parameters were calibrated using site-specific information on climatology, topography,
morphology, and traffic characteristics. The GRAL output included spatial concentration maps of CO for
five vertical layers, showing hourly distributions after 12:00 PM.

Results

To assess the reliability and accuracy of the GRAL model in simulating CO dispersion, the predicted
hourly concentrations were compared with observational data obtained at 1:00 PM from the local air quality
monitoring station situated within the study domain. The Pearson correlation coefficient analysis revealed
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the highest agreement at the height of 10.5 meters, indicating a strong correspondence between modeled and
observed values. Conversely, the lowest correlation was found at 26 meters, a discrepancy most likely
attributable to the elevation mismatch between the fixed height of the monitoring station and the discrete
vertical layers used in the model configuration. Nonetheless, the model exhibited acceptable levels of
correlation across all examined vertical layers, validating its overall performance in urban atmospheric
modeling. The mean bias error at the lower heights of 2 and 4.5 meters equal 159.12 pg/m* and 105.85
png/m? respectively that is notably positive. These biases are primarily attributed to the elevation discrepancy
relative to the monitoring station as well as the presence of weak, localized wind currents constrained by the
surrounding buildings, which hinder pollutant dispersion and promote accumulation near the surface. In
contrast, at higher levels 16.5 and 26 meters the bias turned negative (-123.72 pg/m? and -351.28 pg/m3,
respectively), reflecting the diminishing influence of surface-level obstacles and enhanced pollutant transport
due to increased vertical mixing and airflow. Despite these differences in bias across altitudes, the GRAL
model successfully replicated the vertical distribution patterns of CO, showing good agreement with realistic
dispersion dynamics in a dense urban context.

Specifically, at the near ground level of 2 meters, the average CO concentration reached 1498.79 ug/m3,
with the highest levels recorded along Kargar Street and adjacent alley entrances. Here, buildings with
minimum heights of 3 meters obstructed natural ventilation, leading to pollutant entrapment. Easterly winds
were deflected by irregular building geometries, causing pollutant plumes to shift toward leeward zones in
the west, while some western alleys acted as ventilation corridors, aiding partial dispersion.

At 4.5 meters, the average concentration decreased to 1121.51 pg/m?, with pollutants beginning to
migrate toward rooftop zones and rear areas of low-rise buildings, enhancing dilution. Nevertheless, the
effects of urban morphology, including tall buildings and turbulent wakes, remained prominent.

By 10.5 meters, concentrations had declined to 821.19 pg/m?, facilitated by increased wind velocities and
reduced obstruction from lower structures. Yet, even at this height, the presence of three-story buildings
contributed to downward eddies and recirculating flows, locally influencing pollutant concentrations.

At 16.5 meters, average CO levels dropped further to 476.98 pg/m?, indicating that most physical barriers
to airflow had been surpassed, allowing for more effective advection. However, within narrow alleyways
adjacent to tall structures, complex wind interactions produced nonlinear pollutant profiles. At the uppermost
layer, at about 26 meters, the mean concentration reduced to 206.46 ug/m3. This elevation, situated above the
majority of rooftop levels, experienced optimal dispersion with minimal interference from surface roughness.
However, turbulent eddies generated near elevated structures such as hospital rooftops led to sporadic
fluctuations in pollutant levels, potentially enabling re-deposition and, under specific meteorological
conditions, infiltration into indoor environments. Spatial analysis of the simulation output confirmed a
consistent vertical and horizontal decrease in CO concentrations. Notably, higher pollutant retention was

observed along the north—south axis, which can be attributed to both the distribution of emission sources and

the prevailing wind direction. These findings underscore the critical role of urban geometry, building height,
and wind flow patterns in shaping pollutant behavior across multiple elevations in compact cityscapes.

Conclusions

This study highlights the significant impact of urban geometry, building height, and wind patterns on CO
dispersion in densely built environments. The GRAL model effectively captured the pollutant's spatial
distribution, showing good agreement with observational data, especially at intermediate heights. The
observed pollutant accumulation in lower layers and increased dispersion at higher levels are consistent with
previous studies, confirming the model's reliability. These findings highlight the need to include detailed
urban morphology in air quality simulations for accurate pollution risk assessment in urban environments.
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1. Prognostic flow field model
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1. Geographic information system
2. VGI (Volunteered Geographic Information)
3. PGIS (Participatory GIS)
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