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Abstract

Roads as main infrastructure of development in spite of their social and economic advantages would lead to
increase of air pollutants due to vehicles traffic. The main of this study is to estimate of suburban road networks
impacts based on air pollution modeling approach. For this purpose, dispersion limits of CO, NO2, PM10 and
SO2 pollutants emitted from Lorestan road network’s traffic have been investigated. The CALPUFF model
were used to simulate pollutants in four seasons. Traffic volume and velocity, pollutants emission rate, synoptic
meteorological data, land cover map, digital elevation model and slope map were used as input data. The result
of modeling for 2461 km of road showed that maximum concentration of pollutants is in autumn and located
in distance about 2 km from the roads. Based on the modeling outputs, SO2 gas has most distribution than the
rest of pollutants. The most rate of rural population exposed to the air pollution of road networks are 11/5
percentage of all population of Lorestan province. This occurs in autumn. Although the mainly studies on air
pollution have been focused in urban areas, but the results of this study in a province with natural regions
showed even these regions are not in safe from the air pollution. Therefore, it is essential to attention of
environmental consideration in road design and routing phase as well as decrease of vehicle’s age of suburban
road transportation.
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Introduction

A major cause of air pollution, vehicles especially impact areas near roads. In numerous developing countries,
air pollution continues to be a major environmental issue despite efforts at management (Batterman et al.,
2014). While emissions from mobile sources like vehicles have grown with economic development, industrial
pollution emissions have dropped recently (Nagendra et al., 2016). For those in research and decision-making,
tracking air quality and measuring it using several criteria has grown to be a focus. Pollution sources and
dispersion modeling help to forecast consequences; pollution concentrations are measured using air quality
monitoring models (Ruggieri & Plaia, 2012). Given urban areas increased densities of people, several studies
have looked at traffic-related air pollution in suburban and metropolitan settings. Certain studies have looked
at suburban road-induced air pollution since minor population centers along these roads come into contact with
vehicle traffic (Abdul-Wahab & Fadlallah, 2014; Hatzopoulou & Miller, 2010; Yu & Stuart, 2013). This study
aims to ascertain the spread of air pollutants resulting from vehicle traffic in Lorestan province's suburban road
network. This province is a major route of transportation in Iran, thus researching air quality in the towns close
to the road network will assist to estimate the environmental influence. The study intends to address issues
about the dispersion of air pollutants, the locations with the highest pollution levels, the quality of the air in
villages, and the population exposed to road traffic pollution.

Methodology

- Study area

Lorestan province is part of western Iran. At 1760,649, its proportion was 2.3% of Iran's total population.
Regarding road infrastructure, the province had a notable rise in products transported. The province offers an
extensive road network as well, with 489km of four-lane roads, 924km of main roads, 617km of subsidiary
roads, and 5177km of rural roads.

- Research Method

Road traffic volume depends much on the annual average daily traffic (AADT), which is expressed by 1AADT.
It is calculated by 365 days divided by the total traffic volume traversing a given segment or point of a road
annually. Data from the Road Transportation Organization was collected for twelve months and five vehicle
types in this study: cars and vans, trucks and small vehicles, minibuses, less regular trucks, buses, and trailers
and carriers. Google Earth satellite images helped to produce a digital map of Lorestan province's road system.
After that, the QGIS system handled this map for analysis. The study included roads with daily traffic counts
of more than 1000 automobiles daily. Obtained and analyzed were meteorological data from nine synoptic
stations and land use maps from the General Department of Natural Resources. The Aster digital elevation
model offered by the USGS was the source of the digital elevation model, which included height data for every
point in a range. Additionally included were demographic data for the province's villages, derived from the
Iran Statistics Center's 2015 general population and housing census. In This study, the CALPUFF version 7
model, well-known for dependability and global acceptance, was used (Scire et al., 2000). The presence of
several meteorological stations in the research area, the necessity of integrated modeling of meteorological
conditions in the entire province, and the model's great accuracy in hilly areas affected this decision.
Appropriate for modeling non-uniform complex flows, the CALPUFF model can replicate several kinds of
pollution sources. There were three primary phases to the modeling: CALMET, CALPUFF, and CALPOST.
Using more accurate topography and land use data, CALMET, a meteorological model, modifies wind zoning
data from a prediction model. This improved accuracy of meteorological data applied in air pollution
dispersion models, hence especially relevant in areas with complex terrain. Given the large extent and the
computational time needed, the modeling procedure split the area into one-kilometer cells. A specified
equation was used to determine emission rates of SO2, NO2, CO, and PM10 (BARLOW et al., 2009). The
amount of pollution produced by automobiles was computed using the handbook for estimating automobile
emissions. Given Lorestan's complex terrain, road slope and their aspects were considered while determining
the emission rates. CALPOST processed the model's output to get suitable time intervals. Combining the
concentrations of the four pollutants were involved to determine the air quality index. The classification of
pollution concentrations into consideration the guidelines offered by the American EPA and the Iranian
guidance for computing the air quality index. Simulated pollution concentrations were analyzed and
categorized using these guidelines.
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Results and Discussion

The implementation of the CALPUFF model to simulate the dispersion of CO, NO2, SO2, and PM10 gases
caused by traffic in the Lorestan province road network resulted in the following findings. Classified maps of
pollutant concentration were generated to present the results. One notable finding was the identification of
three spots with the highest concentration of CO gas pollution in parts of the road network. These spots were
located in Garneh Zagheh, Zahid Shir, and the 100th kilometer of the Azad Khorramabad-Andimshek road.
Another important spot was found at kilometer 20 of the Borujerd-Arak highway. In the summer season, the
number of spots with high CO concentration decreased compared to spring, but increased in the 20th kilometer
of the Khorram Abad-Arak highway. In autumn and winter, additional spots were observed, including one at
km 20 of the Kohdasht-Khorramabad road. The highest concentration of carbon monoxide gas was observed
in the autumn season, with a concentration of 49.5 mg/m3. The maximum concentrations in spring, summer,
and winter were 30.8 mg, 24.2 mg, and 25.9 mg, respectively. The areas affected by carbon monoxide gas were
highest in autumn, followed by spring, winter, and summer. The distribution of NO2 gas differed from that of
CO gas. High concentrations of NO2 were observed on routes such as the Durood T-road on the Borujard-
Khorramabad highway as well as near the city of Khorramabad. The concentrations were high in passes like
the Zagheh pass and the Razan pass. In summer, concentrations decreased, but remained high in certain areas.
Similar patterns were observed in autumn and winter, with the addition of high concentrations on the Durood-
Azna-Shazand route in fall. The highest concentration of NO2 gas was observed in the autumn season. The
concentration of PM10 followed a similar pattern to NO2 gas. High concentrations of PM10 were observed
from Durood T-way to Khorram Abad, particularly in pass areas. Continuous concentrations of PM10 were
observed in most roads in medium and unhealthy quality classes. The highest concentration of PM 10 was
observed in autumn, followed by spring, winter, and summer. The area affected by PM 10 gas in the unhealthy
quality class was highest in winter. The areas affected in spring, summer, and autumn were lower but still
significant. Overall, the study revealed the distribution and levels of CO, NO2, SO2, and PM10 gases in the
Lorestan province road network. The findings can help inform measures to reduce pollution and improve air
quality in the region. The air quality index maps for the four seasons in Lorestan province indicate that the air
quality on the Azna-Dorud, Azna-Shazand, Durud-Khorramabad, Khorramabad-Pol Zal, Borujard-Arak, and
Dokhtar-Andimshek roads is unhealthy throughout the year. Heavy vehicles emit an increased quantity of
traffic pollutants due to the topographic conditions of passes and the gradients of uphill roads. It is feasible for
pollutants to accumulate in the region as a result of both high and low altitudes. Khorramabad-Poldakhter,
Borujerd-Eshtrinan, and Poldakhtar-Islamabad. The air quality of the highways in the west is relatively worse.
Figure 4 suggests that the air quality is considered unhealthy beyond a distance of 2 kilometers from roads.
The province area is either 4.5% or 1.4% affected by unhealthy air quality in the autumn or winter, depending
on the concentration of pollutants. During the summer, 2.8% of the province experiences unhealthy air quality.
The adverse consequences of air pollution on human societies are frequently investigated in relation to
population centers and expressed as a percentage of the residential areas that are impacted. Nevertheless, a
lack of accurate maps of rural spatial extent results in evaluation errors in this specific study, which
concentrates on rural areas and non-urban population centers. Consequently, the development of a population
distribution map for these regions provides an opportunity to ascertain the effects of various pollutants on these
communities. SO2 and NO2 gases have the most significant impact on human societies in all seasons when
the population distribution is compared to the pollution distribution caused by road traffic in Lorestan province.
About 25,700 individuals are impacted by NO2 gas in the winter, while over 63,000 individuals are influenced
by SO2 gas in the autumn. In the autumn and winter, approximately 9,400 individuals are affected by PM10.
The rural population is the least affected by carbon monoxide. Similar research was conducted in Pakistan by
Ali & Athar (2008), who discovered that air quality is superior in rural areas as a result of road speed reduction
obstacles. The autumn season in Lorestan province is the period during which the most individuals are exposed
to unhealthy air quality, which accounts for 11.5% of the rural population. Additionally, a significant portion
of the rural population is subjected to unhealthy air during other seasons. The following areas are the most
significantly impacted by air pollutants from the road network: Zainali, Kaboterlan, Dareh Teng, Jahanabad,
Zagheh, and Tal Muradkhan.
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Conclusion

The effect of road networks on air quality in Lorestan province was analyzed using the CALPUFF model. The
study simulated 2461 km of existing roads in 10 cities for vehicle emissions of CO, NO2, PM10, and SO2
gases. Results showed highest concentrations in autumn, with the largest affected area in autumn and winter.
SO2 had the greatest impact, primarily from heavy vehicle emissions. NO2 affected a larger area than CO and
PM10. Emissions were observed up to 2 km from roads. Autumn and winter had the highest air quality index,
with non-urban areas most affected. Heavy vehicles were identified as the main source, contributing to 24%
of traffic volume. Even natural areas are not immune to air pollution.
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