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Abstract

:

Particulate matter (PM) is one of the major pollutants emitted by vehicles that adversely affect human health and the environment. This study evaluates and predicts concentrations and dispersion patterns of PM10 and PM2.5 in Kuala Lumpur city centre. The OML-Highway model calculates hourly time series of PM10 and PM2.5 concentrations and distribution caused by traffic emissions under different scenarios; business as usual (BAU) and 30% traffic reduction to see the impact of traffic reduction for sustainable traffic management. Continuous PM10 and PM2.5 data from a nearby monitoring station were analysed for the year 2019 and compared with modelled concentrations. Annual average concentration at various locations of interest for PM10 and PM2.5 during BAU runs were in the ranges 41.4–65.9 µg/m3 and 30.4–43.7 µg/m3 respectively, compared to during the 30% traffic reduction run ranging at 40.5–59.5 µg/m3 and 29.9–40.3 µg/m3 respectively. The average concentration of PM10 and PM2.5 at the Continuous Air Quality Monitoring Station (CAQMS) was 36.4 µg/m3 and 28.2 µg/m3 respectively. Strong correlations were observed between the predicted and observed data for PM10 and PM2.5 in both scenarios (p < 0.05). This research demonstrated that the reduction of traffic volume in the city contributes to reducing the concentration of particulate matter pollution.
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1. Introduction


Particulate matter (PM) is one of the major air pollutants in cities that causes deterioration in air quality and is a threat to human health [1,2,3,4,5,6]. Most developing countries and megacities are struggling with increasing levels of ambient particulate matter and often violate World Health Organization (WHO) guidelines for PM concentrations [7]. PM emissions in the atmosphere are one of the most serious environmental issues. PM is also listed among the main pollutants contributing to variability in the Air Pollutant Index (API) [8]. Apart from the effects on air quality, PM has also been associated with mortality and respiratory diseases [9,10,11]. Burdens from diseases such as strokes, heart disease, lung cancer, and both chronic and acute respiratory disorders including asthma can be significantly reduced by lowering air pollution levels and a reduction of PM pollution [5,6,12]. PM emissions from vehicles depend on the type of engine and the age and maintenance of the vehicle (Pant and Harrison, 2013). Yan et al. (2011) showed that total emissions of PM can decrease 1.3–2.0% each year with controls and the introduction of better vehicles, proving that vehicular emissions play an important role in the global emissions of PM [13]. It was also revealed that vehicle fleets are the most influential factor contributing to the content of atmospheric PM, especially during weekdays [14,15]. The temporal variation of both traffic emissions and air dispersion parameters influences PM10 concentrations in the atmosphere [16,17].



Road traffic emissions have been one of the largest causes of environmental pollution, with a combination of different contaminants, including carbon monoxide (CO), nitrogen oxides (NOx), volatile organic compounds (VOCs) and PM [18,19,20,21]. Ideally, complete fossil fuel combustion will lead to the complete conversion of fuel into energy, but this is not feasible [22,23]. During combustion, disruptions happen and both unburned and partially burnt fuel will remain. In the process, impurities primarily mix with air to form other compounds, forming the partially burnt fuel and being converted into a variety of gases. Combustion products are primarily PM and gases, among the latter ozone precursors, including CO, NOx and VOCs, that are released as exhaust gases into the atmosphere [22]. With the increasing number of road traffic users to facilitate urbanization and industrialization processes, vehicular emissions are becoming the cause of air pollution problems [24]. Traffic-related air pollution measurements are difficult and costly to assess under real-world conditions [25] and so traffic pollution models are used as tools to calculate traffic emissions based on traffic data and vehicle-specific emission factors that depend on the type of vehicle and the driving conditions [26]. Modelling pollution dispersion can be useful to assess the impact of emissions on the environment and to assess human population exposure [27]. Using these models correctly will provide the closest estimation of real-world conditions of road traffic pollution. Previous research has modelled PM concentrations to evaluate the conditions of pollutants in the real world [19,28,29].



The Gaussian dispersion model has become a uniquely efficient tool for air quality management in recent decades and has been successfully used for a wide range of studies of air quality in urban and industrial areas [30,31]. Based on the Gaussian plume dispersion model principle, various types of air dispersion models have been designed and used in monitoring street pollution from vehicular sources. Among the popular models used are the Danish Operational Street Pollution Model (OSPM) [32,33], California Line Dispersion Model (CALINE) [34], Simple Evaluation Software for Atmospheric Pollutant Caused by Traffic (STREET 5) [35], and Atmospheric Dispersion Modelling System (ADMS) [36,37]. Various researchers have used different types of air dispersion models to study air pollution conditions with the aim of improving road traffic management in many ways [38,39,40]. Gulliver and Briggs (2011) developed STEMS-Air, a simple geographic information system (GIS)-based model to directly map air pollution at high spatial resolution and over large areas to produce daily or annual city-wide air pollution maps which can be used for urban air quality planning and management and health risk assessment. Traffic-related air pollution models can also be used in epidemiology studies to relate air pollution from road traffic to exposure to health effects (Shekarrizfard et al., 2015). Hertel et al. (2008) suggested based on OSPM calculations, that for bicyclists the choice a proper green route through a polluted city can significantly reduce air pollution exposure [41]. The OML-Highway model is a local-scale Gaussian air pollution model designed to describe the dispersion of air pollutants along roads with an open roadside environment [42]. It is designed for air quality assessment representing roads as area sources based on the OML model by Olesen et al. (2007) [43]. The OML-Highway model was integrated into SELMAGIS (Selma GIS system for air pollution modelling and visualization) to integrate sophisticated dispersion models into the framework with the ability to prepare input data and analyse model output data utilizing the spatial capabilities of GIS [42,44,45].



Adoption of the 2030 Agenda for Sustainable Development with the 17 Sustainable Development Goals (SDGs) has seen various efforts to tackle global development challenges including the issue of transport in urban areas. The objective of achieving environmental, economic and social sustainability can be achieved by a reduction in congestion and pollution [46]. Several researchers reviewed and discussed scenarios of pollution reduction towards environmental sustainability in specific cities [46,47]. In pursuit of achieving environmental sustainability goals, Russo and Comi (2016) suggested that implementing city logistic measures in a given city could improve the possibility of achieving the environmental goal. In attempting reduction of emission from road traffic in cities, several research studies discussed reduction, replacement and control of traffic volume [48,49,50]. Ho and Clappier (2011) discussed several measures for controlling air pollution from road traffic source by (i) control of the emission of all vehicles where all vehicles that do not meet the emissions standards must be upgraded or replaced, (ii) replacing 25% of the total number of motorcycle with public transport, and (iii) addition of more public transport and that will replace 50% of total motorcycles. It was learned that to keep the emission of Business as Usual scenario similar to the emission of reduction scenario, 45% of private vehicle have to be replaced by public transport [48]. Tezel-Oguz et al. (2020) applied NOx emissions inventory in the AERMOD model in five different emission reduction scenarios to observe the effects and exposure levels [50]. Steinberga et al. (2019) analysed five different scenarios including prioritization of public transport and restrictions of old private vehicles to reducing up to 50% of passenger vehicles using OSPM to calculate NOx and PM10 to minimize traffic-induced air pollution in street canyons [49].



The lack of comprehensive planning of a city, without consideration to social, economic, cultural, and environmental elements of the city results in a physical break of the community [51]. This paper focuses on predicting PM concentration and dispersion patterns in Kuala Lumpur city centre under different scenarios using the OML-Highway model, a local-scale Gaussian air pollution dispersion model. Two different scenarios were chosen, which were (i) business as usual (BAU) scenario which depicted the current situation of traffic flow and (ii) 30% traffic reduction in which the traffic flow was reduced by 30%. The prediction was then compared with observed data from a nearby Continuous Air Quality Monitoring Station (CAQMS) for validation. The results will be utilized to assess the relationship and effects of air pollution from road traffic emissions for sustainable city management.




2. Materials and Methods


2.1. Research Area


The study took place in Kuala Lumpur, the capital city of Malaysia. Kuala Lumpur is located on the west coast of the Malaysian Peninsula. Figure 1 shows the location of Kuala Lumpur city centre on the Malaysian Peninsula with target roads consisting of major roads and highways in Kuala Lumpur city centre and the CAQMS in Cheras, Kuala Lumpur. Kuala Lumpur is located on a flat area of land with an average elevation of 21.95 m above sea level while the range of elevation in the hilly areas of the city is 100–300 m above sea level. Kuala Lumpur covers a total land area of 243 km2 with a total population of 1.79 million in 2018 (Department of Statistics Malaysia, 2015). Kuala Lumpur has a strategic location at the heart of Peninsular Malaysia and is one of the country’s most developed and densely populated cities. The city is well connected to the surrounding areas by a highly developed transport network which includes highways, roads and railways [52]. Kuala Lumpur has undergone extensive expansion and experienced dramatic growth in development activities which has resulted in a continuous change of land use since its establishment [53]. As Kuala Lumpur is Malaysia’s most populous urbanized city and the country’s most important economic priority with extensive development of transport networks, it is the perfect location for this study.




2.2. Prediction and Forecast of Air Quality Dispersion


In achieving the goal of the study in evaluating and predicting PM10 and PM2.5 from road source emission, the application of the research process and the output of the study are depicted in Figure 2. Several considerations were made to develop the scenario in visualising how different conditions of road traffic can cause different levels of PM pollution in the city of Kuala Lumpur. In this study, two different scenarios were considered to compare the dispersion of PM during normal days in which the condition of road traffic are of no change in terms of legislation and infrastructure; and reducing by approximately 30% the amount of annual average daily traffic (AADT) on the road sections based on multiple discussions of reducing and/or replacing personal vehicles with public transport by 25–50% [48,49,50].



The OML-Highway model was applied to the sampling area to calculate the concentrations of PM10 originating from road traffic sources. The method used in this study was based on Olesen et al. (2015) with some modifications to meet the criteria of the Malaysian environment and traffic conditions as shown in Table 1. Traffic lanes were treated as area sources in OML-Highway. There are 4 highways and 37 trunk roads in Kuala Lumpur city centre which were selected as target roads as marked in red in Figure 1. The target roads used in the modelling were detailed with road network attributes including road type, annual average diurnal traffic (AADT), fractions of vehicle types, share of heavy-duty traffic and average travel speed as described in Table 1 and Figure 3. For the diurnal traffic variation and vehicle fleet emission factors, a standard set-up provided by OSPM tools was used and adapted to the conditions of the Malaysian environment and traffic by comparison with the emission factors produced by Đăng and Hùng (2014) and the emission inventories were modified from the Kuala Lumpur emission inventory by Azhari et al. (2021) [54,55]. Pollution concentrations were calculated at receptor points and visualized in SELMAGIS/ArcGIS software. Receptor points were generated along the road network at 10, 100, 200 and 300 m distances from the center of the road and at perpendicular transects in 100 m sections along the road network. Background PM10 and PM2.5 concentrations used in the OML-Highway calculations were taken from a background station run by the Department of Environment Malaysia in Banting, Selangor, a rural environment station with less influence of anthropogenic emissions, especially from road traffic. The meteorological data used in the modelling included wind direction, delta of wind direction, wind speed, humidity (percentage), cloud cover in eighths, rain, snow, temperature, global radiation, and estimated roughness length in a time series representing the meteorological conditions of the modelling area. The appropriate meteorological data used in this study were acquired from long-term monitoring by the Department of Environment Malaysia and the Malaysian Meteorological Department. The implementation of the OML-Highway in a GIS system enables visualization and evaluation of input and the calculation of the results in a simple and comprehensive way [46].




2.3. Continuous Air Quality Monitoring


Air quality data analysed in this research were collected from the Department of Environment CAQMS located at Sri Permaisuri Secondary School with coordinates 3.1062361° N, 101.7179167° E located about 10 km from Kuala Lumpur city centre. The CAQMS is located at a suburban school compound about 100 m from the closest suburban road. The hourly data of PM2.5 and PM10 were retrieved from DOE Malaysia for a duration of one year from January to December 2019. The PM10 and PM2.5 measurements presented in this paper were obtained using the Continuous Dichotomous Ambient Air Monitor 1405-DF Tapered Element Oscillating Microbalance (TEOMTM), which enables real-time measurements of mass concentrations of PM2.5 and PM10. Prior to submission to the Malaysian Department of Environment, the data went through thorough quality assurance and quality control (QA/QC) procedures. Flow verification for PM10 and PM2.5 measurements using the TEOM was conducted monthly as stipulated in the standard operating procedure for all instruments. Data omissions from the QC checks were primarily attributable to inadequate data (in turn due to negative values) and as a result of non-adherence to auto-calibration targets. On the second level of QC checks, data were omitted mainly due to outliers. Some of the observation data were rejected due to instrument failure and some were verified based on observed sources [56,57].





3. Results


Based on the input of average daily traffic, travel speed and share of heavy-duty vehicles, OML-Highway is able to model the dispersion of PM10 and PM2.5 from vehicular emissions based on fuel consumption and the meteorological data, provided that the regional background concentrations for these pollutants are available [42]. Comparison of average concentrations of pollutants from the modelled data and CAQMS are summarized in Table 2. The numbers present the annual average for 2019 and the standard deviation of the hourly values. The average modelled concentrations were 54.5 ± 27.8 µg/m3 and 50.76 ± 26.4 µg/m3 for the BAU scenario and 30% traffic reduction scenarios respectively, while the concentrations of PM10 at the CAQMS were recorded at 36.4 ± 24.2 µg/m3. The modelled concentrations of PM2.5 were 37.6 ± 24.3 µg/m3 for the BAU scenario and 35.3 ± 23.9 µg/m3 for the 30% traffic reduction scenario, while the concentrations of PM2.5 at the CAQMS were 28.2 ± 22.2 µg/m3. Figure 4 represents the comparison between the predicted concentrations from the model with observed data for PM10 and PM2.5. Good correlations were observed between the predicted and observed data: PM2.5 for BAU (r = 0.74, p < 0.05), PM2.5 for 30% traffic reduction (r = 0.75, p < 0.05), PM10 for BAU (r = 0.68, p < 0.05), and PM10 for 30% traffic reduction (r = 0.73, p < 0.05). Further ANOVA analysis using the Tukey’s test for post hoc analysis showed there were significant differences (p < 0.05) in the variation of PM10 and PM2.5 concentrations between the CAQMS, BAU scenario and 30% road traffic reduction scenario. The results show a significant correlation between modelled and observed data, although some over-predictions were observed as the modelled concentrations were slightly higher compared to observed data. This is likely to be because the predicted data were calculated at the receptor points closest to the road compared to the location of the CAQMS station for the observed data as the CAQMS station is the closest to the study area. Another plausible reason behind this trend is that the regional background data could have been overestimated for the model input [26,58].



Figure 5 shows the spatial concentration map of the annual means for PM10 and PM2.5 from OML-Highway for the BAU scenario and the 30% traffic reduction scenario. PM10 concentrations ranged from 41.4 to 65.9 µg/m3 with mean concentrations at the receptor points further away from the roadside (marked with a dark green marker) of 41.4–45.2 µg/m3 and at the receptor points closer to the roadside (red marker) with concentrations of 54.6–65.9 µg/m3. The concentrations of PM2.5 varied from 30.4 to 43.7 µg/m3 with the mean concentrations higher at the receptor points closer to the roadside having concentrations of 37.6–47.3 µg/m3 (marked with red markers) compared to the receptor points further away from the roadside with concentrations of 30.4–32.5 µg/m3 (marked with dark green markers). The results demonstrate that the concentrations of PM were higher in the city centre where the traffic density was higher. The pattern demonstrated that the concentrations of pollution from vehicle emissions were the highest close to the road source and are gradually dispersed by the wind and turbulent mixing further away from the centre of the road. The distribution of PM concentrations is highly associated with air dispersion and the movement of air masses [16,17]. ANOVA analysis using Tukey’s test for post hoc analysis showed there were significant differences (p < 0.05) in the variation of PM10 and PM2.5 concentrations in the distributions of the receptor point markers between the BAU scenario and 30% road traffic reduction scenario. The distributions of PM in the prediction for BAU are marked with more red and yellow markers compared with the predictions after 30% traffic reduction which are marked with yellow and green markers.



Figure 6 shows the diurnal variation of PM10 and PM2.5 concentrations from the OML-Highway prediction and CAQMS. The concentrations of PM10 and PM2.5 showed higher concentrations when modelled from the OML-Highway prediction compared with the observed data, usually, this was caused by overestimation of the dispersion at lower traffic volumes and lower emission values [26,58,59]. The diurnal variation of PM10 and PM2.5 from the BAU scenario and 30% traffic reduction scenario showed clear bimodal patterns with one peak in the morning and one peak in the night. The variations between the bimodal pattern from the modelled data compared with the trimodal pattern of the observed data are caused by the traffic patterns of the model input data [42]. The peak in the morning was associated with the morning rush hour traffic activities [1,17,60] and the peak in the night was associated with meteorological conditions such as atmospheric stability and wind speed [1]. The morning peak is more distinct than the evening peak as the morning rush hour is usually more concentrated as people try to get to work at almost the same time as compared with the evening rush hour which is more gradual. The diurnal variation in association with traffic flow with morning and evening maxima was also reported by Ferm and Sjöberg (2015). The differences in concentration ranges can be seen in both scenarios of OML model predictions for BAU and 30% road traffic reduction. The diurnal patterns for PM10 and PM2.5 concentrations for the observed data obtained from the CAQMS station showed trimodal distribution patterns. The concentrations of PM10 and PM2.5 significantly increased between 07:00 and 09:00 and decreased at midday, specifically after 11:00 (first peak). The second peak was recorded between 12:00 and 14:00. Then, the concentrations of PM10 and PM2.5 increased at 18:00 and began to decline after 02:00 (third peak). These three peaks can be attributed to the rush hour traffic that led to traffic being congested due to the higher number of vehicles on the road in Kuala Lumpur city centre in the early morning (first peak), afternoon (second peak) and late evening (third peak) associated with rush hour peaks as well as low mixing height that accumulated PM. The decline in the concentration after all the peaks was related to the decrease in vehicles on the road after the rush hour. According to Halim et al. (2020), Kuala Lumpur city centre is surrounded by main highways such as the KL-Putrajaya Highway, the DUKE Highway, the North–South Expressway, the Besraya Highway, and the SMART Tunnel as part of the programme road expansions linked with the urbanization process of the Kuala Lumpur Extended Mega Urban Regions (KLEMUR) [61]. The road expansion connected Kuala Lumpur city centre to the nearby urban cities via highways and led to congested and heavy traffic situations that increased emissions of PM10 and PM2.5 from the motor vehicles, especially from the exhaust and tyres [16,29,62,63].



The weekday variations of PM10 and PM2.5 concentrations in Kuala Lumpur city centre for the BAU scenario, 30% traffic reduction scenario and observed from CAQMS, depicted in Figure 7, demonstrate that the variations are mostly similar on all days of the week. The concentrations of PM10 and PM2.5 were recorded to be higher on Mondays and on Thursdays and Fridays in Kuala Lumpur city centre, while the concentrations of both air pollutants remained low at the weekends. Further ANOVA analysis using Tukey’s test for post hoc analysis showed there were significant differences (p < 0.05) in the weekly variation of PM10 and PM2.5 concentrations between the CAQMS, BAU scenario and 30% road traffic reduction scenario. This clearly indicated that motor vehicles did contribute to the higher concentrations of PM10 and PM2.5 on weekdays and the lesser movement of motor vehicles at weekends led to a reduction of PM10 and PM2.5. This was likely to have been due to the higher number of vehicles on the main highway that connected Kuala Lumpur city centre to nearby cities. The vigorous economic growth of Kuala Lumpur city centre resulted in most of the city centre being used for business purposes until urban sprawl was induced to the southern part of Kuala Lumpur due to accommodation demands in the affordable areas [64]. This situation led to congested flows of traffic on Mondays, Thursdays and Fridays as many employees that work in Kuala Lumpur travel back home to the nearest cities located outside of the Kuala Lumpur region since Kuala Lumpur city centre is well known to be one of the main cities in Malaysia offering more job opportunities. In addition, the increase in private vehicle ownership has resulted in Kuala Lumpur city centre being ranked as having one of the lowest levels of public transport participation in Asia since rapid motorization in the 1980s [65,66].



Monthly variations of PM10 and PM2.5 concentrations for the BAU scenario, 30% traffic reduction scenario and observed from CAQMS in Kuala Lumpur city centre are presented in Figure 8. The monthly concentrations of PM during the 30% road traffic reduction scenario are not very different from those during the BAU scenario. The concentrations of PM10 and PM2.5 were 100 µg/m3 and 80 µg/m3 respectively during the BAU scenario while during 30% road traffic reduction, the concentrations of PM10 and PM2.5 approached 100 µg/m3 and 80 µg/m3 respectively. ANOVA analysis using Tukey’s test for post hoc analysis showed there were significant differences (p < 0.05) in the monthly variation of PM10 and PM2.5 concentrations between the CAQMS, BAU scenario and 30% road traffic reduction scenario. This shows that the monthly variations of PM depended more on the seasonal fluctuations and regional transportation of PM compared with the diurnal and weekly variations that depended on traffic emissions. The monthly variations in PM10 and PM2.5 concentrations from the CAQMS showed that the concentrations were influenced by the monsoon seasons. The annual variation of PM10 and PM2.5 indicated higher PM concentrations in September which is the dry season in Malaysia and is associated with transboundary pollutants, especially from Indonesia [8,67,68,69]. The findings in this study were similar to previous studies reported by Anwar et al. (2010), Juneng et al. (2011) and Latif et al. (2014) as the monthly concentrations for both air pollutants were recorded at higher concentrations during seasonal monsoon periods, especially during the northeast (NE) monsoon (late November to March) and the southwest (SW) monsoon (late May to September) [4,17,70,71]. The higher concentrations of PM10 and PM2.5 during the seasonal monsoons are due to the movement of air mass particles which mainly consist of particulate matter that typically originated from biomass burning activities from nearby regions such as Sumatra and Indo-China [4,17,69,72,73].



The variation in concentrations between the modelled data and observed data takes into consideration that the receptor points are closer to the road source compared to the monitoring station location. It was depicted that road traffic was a major source of particulate matter pollution in cities through the clear pattern of reduction in concentrations of PM10 and PM2.5 between the BAU scenario and 30% reduction of traffic volume scenario [49,50]. The distribution patterns of particulate matter showed that the concentrations of PM10 and PM2.5 were generally higher closer to the source of pollutants, the centre of the road. The concentrations of PM are highly associated with air dispersion and the movements of air masses [16,17]. Despite the fact that traffic networking is one of the most important factors in supporting the urbanization process and the population, it is also becoming one of the major sources of air pollutants that cause both environmental and health issues including changes to urban and global air quality and climate, infrastructure damage, impacts to vegetation, and direct and indirect health problems [74,75,76]. A better option for sustainable road traffic management is needed to control the air pollution impact from road traffic emissions [77,78]. The transportation sector is proven to be one of the critical sectors in environmental management in the pursuit of sustainable development. An environment-friendly transportation network is one of the key points in achieving a sustainably developed and liveable city [79,80,81]. There is a need to solve the issue as the condition of the current environmental state will have negative effects on human health and ecosystems, hence will affect the liveability and sustainability of the surrounding area. Effective road traffic management, through a reduction in traffic volume or various restrictions through imposed policies and rules, will aid in minimizing traffic-induced air pollution [49,50]. It is important to establish a strategy to reduce pollution and improve road traffic to help reduce air pollution and promote a healthy atmosphere for urban dwellers.




4. Conclusions


This study demonstrated that PM pollutants in urban areas are greatly contributed to by vehicle emissions. Based on the continuous air quality monitoring data, the results demonstrated that the levels of PM2.5 at the CAQMS were 28.2 ± 22.2 µg/m3 while the average concentration of PM10 was 36.4 ± 24.2 µg/m3. The diurnal and weekday variations of PM concentrations from the observed data showed that the concentrations of PM were highly attributed to vehicle emissions and traffic volume. Apart from vehicle emissions, PM10 concentrations were also influenced by other factors including monsoon season variations and air mass movements, which also impact the long-range dispersion of PM10 pollutants. The average concentrations of predicted PM2.5 were 37.6 ± 24.3 µg/m3 and 35.3 ± 23.9 µg/m3 for the BAU and 30% traffic reduction scenarios respectively, while average concentrations of PM10 were 54.5 ± 27.8 µg/m3 and 50.8 ± 26.4 µg/m3 for the BAU and 30% traffic reduction scenarios respectively. The predicted concentrations of PM from the model correlated with the observed concentrations were as follows: PM2.5 for BAU (r = 0.74, p < 0.05), PM2.5 for 30% traffic reduction (r = 0.75, p < 0.05), PM10 for BAU (r = 0.68, p < 0.05), and PM10 for 30% traffic reduction (r = 0.73, p < 0.05). Even though traffic networking is one of the most important factors in supporting the population, increasing air pollution causes adverse effects on the wellbeing of the urban population. A better option for sustainable road traffic management is needed to control the air pollution impacts from road traffic emissions and to establish a better environment for the urban population.
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Figure 1. Location of Kuala Lumpur in Malaysian Peninsula; and location of target road in Kuala Lumpur City Center and Continuous Air Quality Monitoring Station (CAQMS) in Cheras, Kuala Lumpur. 
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Figure 2. A flowchart describing the research process and output of the study. 
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Figure 3. Annual average daily traffic (AADT) of the 41 selected target roads for (a) business as usual (b) 30% traffic reduction. 
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Figure 4. Comparison of the measured and modelled concentrations for (a) PM2.5 business as usual, (b) PM2.5 for 30% traffic reduction, (c) PM10 business as usual and (d) PM10 for 30% traffic reduction. 
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Figure 5. Spatial concentration map of annual mean for particulate matter in Kuala Lumpur City Centre for (a) business as usual (PM2.5), (b) 30% traffic reduction (PM2.5), (c) business as usual (PM10), and (d) 30% traffic reduction (PM10). 
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Figure 6. The diurnal concentration variation of (a) PM10 and (b) PM2.5 and from OML-Highway model prediction and CAQMS. 
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Figure 7. The weekly concentration variation of (a) PM10 and (b) PM2.5 and from OML-Highway model prediction and CAQMS. 
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Figure 8. The monthly concentration variation of (a) PM10 and (b) PM2.5 and from OML-Highway model prediction and CAQMS. 
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Table 1. Input data source and scenario for model run.
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BAU Scenario

	
30% Traffic Reduction Scenario






	
Road network

	
Highway and trunk road (DBKL, 2017)

	
Highway and trunk road (DBKL, 2017)




	
Traffic data

	
Traffic data including number of vehicles for AADT, vehicle type, vehicle travel distance (km), vehicle speeds and activity (RTVM, 2019, DBKL, 2019)

	
30% reduction of total traffic count from business as usual




	
Road type

	
Highway: Sultan Iskandar Highway, Ampang-Kuala Lumpur Elevated Highway, Sungai Besi Highway, Tun Razak Road

Mainroad: Bukit Bintang Road, Tun Tan Cheng Lock Road, DBP Road, Hang Tuah Road, Imbi Road, Kinabalu Road, Kuching Road, LTL Road, Loke Yew Road, Maharajalela Road, Melaka Road, Pahang Road, Parlimen Road, Pudu Road, Raja Laut Road, Raja Chulan Road, Raja Laut Road, RMAA Road, Sentul Road, Sultan Hishamuddin Road, Sultan Ismail Road, Kuching Road, TAR Road, Tun Ismail Road, Tun Perak Road, Tunku Road, Yew Road, Damansara Road




	
Average traffic speed

	
Highway: 90 km/h

Mainroad: 60 km/h
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Table 2. Comparison between average concentration of pollutants from site sampling and from OML-Highway model data (µg/m3).
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Concentration (Mean ± s.d.)




	
Model Data

	
CAQMS




	
BAU Scenario

	
30% Traffic Reduction Scenario

	






	
PM2.5

	
37.6 ± 24.3

	
35.3 ± 23.9

	
28.2 ± 22.2




	
PM10

	
54.5 ± 27.8

	
50.76 ± 26.4

	
36.4 ± 24.2
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