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Abstract: In order to reduce black carbon (BC) emissions from diesel vehicles, a regional 

atmospheric chemistry model (WRF-Chem) was used to investigate the effects of installing a high-

efficiency device for vehicle exhaust control, a diesel particulate filter (DPF), on diesel vehicles in 

China. To reduce the uncertainty of estimation, three sensitivity experiments were designed and 

conducted for different emission scenarios. The first experiment uses the standard black carbon 

emissions of diesel vehicles without engaging in any emission control actions (referred to as CTRL), 

and the other two experiments were conducted using different DPF devices to reduce BC emissions 

by 65% (CASE1) and 39% (CASE2), respectively. The results show that the model simulation 

reasonably represents the measured BC concentrations. The highest BC concentrations occurred in 

large cities of the North China Plain (NCP) and present important seasonal variations. The results 

suggest that the reduction in diesel vehicle emissions has great benefits for reducing BC pollution 

not only in winter but also in other seasons. Sensitivity studies show that in CASE1, the average BC 

concentrations decreased about ~6% in January and by more than 10% in the other seasons. The 

greatest reduction exceeded 50%. In CASE2, the average BC concentrations decreased by about ~3.5% 

in January and by more than 7% in the other seasons. This study suggests that adding DPF to a 

diesel vehicle can have a significant influence on reducing BC concentrations in China. Thus, this 

study provides a practical basis by which diesel vehicle emissions can be reduced.  

Keywords: black carbon reduction; diesel vehicles; WRF-Chem model 

 

1. Introduction 

Black carbon (BC) is the most light-absorbing aerosol that is formed due to the inefficient 

burning of fossil fuels, biofuels, and biomass, and can strongly absorb visible light, representing the 

second-most important positive radiative influence of global change after CO2 greenhouse gases [1]. 

Despite its short residence time in the atmosphere, black carbon affects the solar radiation budget, 

exerting a significant influence on the climate as a driver of global warming [2,3].  

The main sources of BC emissions include industrial activities, vehicles, biomass burning, and 

residential burning [4–6]. Mobile sources account for ~25% of BC emissions, among which ~70% 
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correspond to diesel fuel combustion [4]. The rapid growth of diesel vehicles in mainland China has 

placed great pressure on the pollution control of fine particles.  

Diesel engines use an air–fuel mixture for combustion with higher thermal efficiency than 

gasoline alone, making diesel more economical and reliable. Diesel is, therefore, widely used in 

commercial vehicles. The diesel vehicles found in China generally have the characteristics of a high 

frequency of use, long life, and high mileage which contains higher amount of Particulate Matter (PM) 

that could cause severe environmental problems. Compared to developed countries, the diesel engine 

control technology in China is lagging behind. Therefore, levels of pollutant exhaust remain very 

high, resulting in the higher emissions of diesel vehicles in China. According to the statistics of the 

“China Vehicle Environmental Management Annual Report” released by the Ministry of Ecology and 

Environmental of the People’s Republic of China (https://www.vecc-

mep.org.cn/jdcwrfznb/1870.jhtml), diesel vehicles and diesel-type vehicles have steadily increased in 

prevalence. The growth rate of China’s diesel fuel consumption was 1.24% in 2017, producing 167 

million tons of consumed diesel fuel, while the growth rate of Chinese gasoline fuel consumption 

decreased in 2017.  

The emission control of the black carbon from diesel vehicles is beneficial to air quality, human 

health, and climate change. There are three ways to decrease the BC emissions of diesel vehicles. One 

is to improve the standard and quality of diesel fuel, the second is to use purification technologies 

for diesel engines, and the third is to adopt diesel vehicle exhaust purification devices. A diesel 

particle filter (DPF) is a typical example of control technology for on-road diesel vehicles which can 

greatly reduce BC emissions. Its purification efficiency can be as high as 80%[7,8]. Meanwhile, the 

DPF method can be easily installed without engine improvement and is widely used throughout the 

world [9,10]. As a very polluted region of eastern China, improving air quality is a very important 

issue. However, there is almost no detailed estimation of the effects of installing DPF on the changes 

in BC concentrations due to the reductions in the emissions of diesel vehicles, which become the focus 

of this study. To better understand the pollution caused by diesel vehicle emissions, it is necessary to 

carry out emission reduction measures and evaluate the potential benefits of BC pollution control by 

installing DPF devices.  

The purpose of this study is to use a regional dynamical/chemical model (WRF-Chem, The 

weather research and forecasting model coupled with a chemistry model) to estimate the effects of 

DPF on BC concentrations in mainland China. First, the model calculation is evaluated by comparison 

with the measured BC concentrations, including their spatial distribution and seasonal variations. 

Second, model sensitivity studies were conducted to investigate how different DPF methods reduce 

the BC concentrations in mainland China.  

2. Model and Observation Details 

2.1. WRF-Chem Model Configuration 

WRF-Chem is a regional atmospheric transport model that simultaneously simulates gases, 

aerosols, and meteorological fields [11]. Simulations were performed using the WRF-Chem version 

3.5.1 online, with the domain covering the entire mainland China. Evaluation of the performance was 

conducted according to procedures documented in numerous previous studies [12–14].  

The model domain is centered at 37° N, 102° E, with 140 × 120 grid points at 36 km horizontal 

resolution, as shown in Figure 1. Table 1 details the model configurations for this study. This study 

employed the Regional Acid Deposition Model (RADM2) [15] and The Modal Aerosol Dynamics 

Model for Europe (MADE) [16] with the Secondary Organic Aerosol Model (SORGAM) [17] chemical 

schemes. The rapid radiative transfer model for the General Circulation Models (RRTMG) scheme 

for longwaves (LWs) and shortwaves (SWs), including aerosol direct radiative feedback, was used 

for radiation calculations [18]. The Morrison double moment cloud microphysics scheme was utilized 

to include indirect aerosol effects [19]. Dry and wet scavenging and cloud chemistry options were 

also included. The data for land use, terrain height, soil properties, vegetation fraction, etc., were 
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interpolated from the United States Geological Survey (USGS) data and incorporated into the model 

domain using the WRF pre-processing system. 

 

Figure 1. The numerical simulation domain of regional atmospheric chemistry model (WRF-Chem), 

with the topography and field observation sites of black carbon (BC––red triangles). 

Table 1. Regional atmospheric chemistry model (WRF-Chem) schemes and parameterizations used 

in this study. 

Model Parameter  Description 

Number of grid points  140 × 120 (horizontal) × 35 (vertical)  

Horizontal grid projection  Lambert  

Horizontal resolution  36 km × 36 km  

Model top  50 hPa  

Model domain center  37° N, 102° E  

Chemical mechanisms  RADM2 [15]/ MADE-SORGAM [16,17]  

Meteorological initial and 

boundary conditions  

National Centers for Environmental Prediction, NCEP 1° × 1° 

reanalysis data http://rda.ucar.edu/datasets/ds083.2/ 

SW and LW radiation  RRTMG [18] 

Cloud Microphysics  Morrison double moment [19] 

Lateral BC boundary 

condition  
MOZART4 6-h output [20] 
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Land surface model  NOAH [21] 

Planetary boundary layer  YSU scheme [22] 

Cumulus parameterization  Grell-3d [23]  

Note: Regional Acid Deposition Model (RADM2); The Modal Aerosol Dynamics Model for Europe (MADE) 

with the Secondary Organic Aerosol Model (SORGAM); General Circulation Models (RRTMG) 

2.2. Diesel Vehicles Emission Data 

The basic anthropogenic emissions of gases and aerosol particles were obtained from the Multi-

resolution Emission Inventory for China (MEIC) for the year 2010 [24,25] 

(http://www.meicmodel.org). Five types of emission sources––industry, power plants, 

transportation, agriculture, and residential sources––are aggregated at a 0.25° × 0.25° spatial 

resolution and monthly temporal resolution. Several important emission factors (such as 

temperature, humidity, altitude, automobile routine parameters, and combined meteorology, road 

network conditions, and traffic flow data) were taken into account for the BC emissions of the 

transportation sector in MEIC [24,26]. County-level traffic emissions were calculated by the registered 

vehicle amounts, vehicle types, and county-level emission factors and allocated to grids according to 

the Chinese roadmap for 2010, which has great advantages for describing the spatial distribution 

characteristics of automobiles [26].  

Black carbon emissions from diesel vehicles in 2017 were estimated and updated using the 

statistical data reported from China Vehicle Environmental Management Annual Report released by 

the Ministry of Environmental Protection of the People’s Republic of China (https://www.vecc-

mep.org.cn/jdcwrfznb/1870.jhtml). According to the China Vehicle Environmental Management 

Annual Report in 2014 and 2018, the annual PM2.5 emissions of diesel vehicles in 2013 and 2017 were 

respectively 567,000 and 488,000 T y−1, corresponding to 19.11 and 19.57 million diesel vehicles. The 

particulate matter emission ratio of diesel vehicles from 2017 to 2013 was 0.861. Although China has 

implemented stringent emission standards and accelerated the elimination of yellow-label vehicles 

since 2013, the particulate matter from diesel vehicles has not clearly been reduced. The black carbon 

emissions of diesel vehicles in 2017 were calculated using data from the research conducted by Wang 

et al. [27]. Wang et al. [27] investigated and analyzed the black carbon emissions from diesel vehicles 

in 2013. Their results show that the black carbon emissions from diesel vehicles in 2013 were 313,300 

T y−1. The spatial distribution of the emissions in each province of China are summarized in Figure 2. 

From this figure, it can be seen that the provinces of Henan, Hebei, and Shandong are the top three 

contributors of black carbon emissions, respectively accounting for 8.8%, 8.5%, and 7.7% of the total 

emissions in China. Based on the above information, assuming that the black carbon emission factor 

in 2017 is the same as that in 2013, the diesel vehicle emissions in 2017 were 269,751 T y−1, which 

represents a slight decline compared to the 2013 value, as with the PM emission variation trend (using 

a PM decline ratio of 0.861 for calculations). We updated this value in the transportation emission 

inventory with provincial contributions in mainland China, as shown in Figure 2.  
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Figure 2. Monthly black carbon emissions of diesel vehicles in the model grids (tons) in mainland 

China. 

2.3. Numerical Experiments 

Three sets of experiments for different DPF application scenarios were conducted to investigate 

the impact on black carbon pollution by applying the BC emission control of diesel vehicles in China. 

The simulation results for January, April, July, and October in 2017 were analyzed to determine the 

annual variations that are characteristic of BC. 

The first experiment used the standard black carbon emissions of diesel vehicles without any 

emission control actions (referred to as CTRL), while the other two experiments were conducted 

using DPF to reduce the BC emissions of different vehicles. According to the China Vehicle 

Environmental Management Annual Report in 2018 (http://www.vecc-mep.org.cn/180601/1-

1P601164953.pdf), the Chinese National Standard particle emissions from diesel vehicles are 

classified using the following standards, with the percent of total vehicles indicated: China II (16.4%), 

China III (64.5%), China IV (16.2%), and China V (2.5%). China II includes yellow-label cars, which 

will be forcibly eliminated in the next few years and are thus not discussed in this study. Our 

experiments therefore focus on China III and China IV diesel vehicles, which comprise the majority 

of diesel vehicles (~81%) in China.  

The second and third experiments were sensitivity studies to determine the reduction in BC 

emissions from diesel vehicles using advanced devices, such as DPF, which is attached to the exhaust 

systems of diesel vehicles. The DPF technology currently available utilizes a wall-flow filter 

positioned in the exhaust system. As the exhaust gases pass through this filter, the emissions of 

particulate matter are trapped in the filter resulting in the reduction in emissions. These sensitivity 

studies are compared with the base study (CASE1) to better understand the impacts of improved BC 

emissions on BC pollution in China. 
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The second experiment examines the effects of replacing the emissions from China III and China 

IV diesel vehicles with the emissions from China V diesel vehicles with the help of DPF. As a result, 

the BC emissions are reduced by 175,338 T y−1 (an 80% reduction). This emission reduction scenario 

is defined as CASE2. 

Since 2018, China III diesel vehicles have been gradually discarded to reduce the BC emissions 

in China. The third experiment considers a scenario where half of China III vehicles are not 

eliminated, and all China IV diesel vehicles are replaced by China V diesel vehicles. As a result, the 

BC emissions from diesel vehicles are reduced by 105,202 T y−1 (a 39% reduction). This emission 

reduction scenario is defined as CASE2.  

2.4. BC Measurements 

In this study, we used a set of BC observations over mainland China from 5–25 January in 2013 

to evaluate the calculated BC from the WRF-Chem model. As shown in Figure 1, the observation sites 

(red triangles) are located in 16 cities across China, including Changchun, Beijing, Tianjin, Xi’an, 

Xining, Taiyuan, Shanghai, Hangzhou, Xiamen, Wuhan, Chongqing, Chengdu, Nanjing, Guangzhou, 

and Qingdao. The measurements used Urumqi 47 mm Whatman QM-A quartz fiber filters, which 

were sampled every 24 h by mini-volume air samplers (Airmetrics, Eugene, OR, USA) at 5 L min−1 

flow rate. The BC concentration was analyzed by using a DRI model 2001 carbon analyzer 

(Atmoslytic, Inc., Calabasas, CA, USA) with the IMPROVE thermal/optical reflectance (TOR) 

protocol [28,29]. BC is defined as the sum of three elemental carbon (EC) fractions (EC1, EC2, and 

EC3 in a 2% oxygen/98% helium atmosphere at 580, 740, and 840 °C) minus OP (pyrolyzed carbon) 

produced at <580 °C in an inert atmosphere). Further analysis details and the quality assurance and 

the quality control can be found in previous studies [30,31]. 

3. Results and Discussions 

3.1. Model Validation 

In order to evaluate the ability of WRF-Chem to simulate the spatial distribution of atmospheric 

black carbon aerosol in mainland China, this study used the black carbon data collected 

simultaneously in 16 cities in China during 5–25 January 2013 for comparative verification. Figure 3 

shows the spatial distribution of the black carbon simulated by WRF-Chem compared to the observed 

black carbon in the 16 Chinese cities (indicated by triangles). As the figure indicates, the model 

generally reproduced the spatial variations of black carbon in mainland China. For example, the 

highest observed and simulated black carbon concentrations appeared in the North China Plain 

(NCP), with the highest concentration found in the city of Taiyuan. The observed and simulated BC 

concentrations were 17.0 and 18.6 μg·m−3, respectively. The other regions with high BC concentrations 

were Sichuan Basin, Central China, Northeast China, and the Yangtze River Delta. The major 

contribution to the BC concentrations is from the solid fuel combustions (such as coal burnings) to 

the BC concentration in China [32], which is the main cause for the calculated discrepancies of the BC 

concentrations. 
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Figure 3. Comparison of WRF-Chem simulated and observed black carbon concentrations (μg·m−3) in 

mainland China averaged for January 2013. Triangles are the sampling sites of 16 cities. The red box 

represents the North China Plain. 

The spatial distribution characteristics indicate that black carbon pollution is closely related to 

human activities. The mean values of black carbon concentrations in Beijing, Urumqi, Sichuan Basin, 

Guangzhou, and the Northeast for the simulation were relatively similar to the observed values, with 

a relative deviation of ~10%. The simulated values for Xining, the southeast coast (Guangzhou, 

Xiamen), and Taiyuan were underestimated, and in Qingdao, Central China, and the Yangtze River 

Delta (Shanghai, Nanjing, etc.), the simulated values were overestimated. The reasons for the 

overestimation or underestimation of black carbon concentration were due to several factors, such as 

the inaccuracy of the emissions inventory and the differences in meteorological parameters (such as 

wind speed, wind direction, and precipitation) between the model simulations and observations. In 

addition, the grid value of this study was 36 km × 36 km. While the simulation data represent the 

average level within the grid point, the observation data employ single-point sampling, leading to 

inaccuracies in representing the observed results.  

To more clearly show any differences between the model results and observed values, the time 

series of simulated and observed black carbon concentrations in the large/mega cities in the NCP 

region (Beijing, Tianjin, and Taiyuan) were compared (as shown in Figure 4). The overall temporal 

variation in Beijing, Tianjin, and Taiyuan is very similar. For the average value, the observed and 

simulated black carbon concentrations were respectively 8.4 and 8.6 μg·m−3 in Beijing, 9.1 and 10.5 

μg·m−3 in Tianjin, and 18.6 and 17.0 μg·m−3 in Taiyuan. The average differences (in the period 5–25 

January 2015) between the simulated and observed BC concentrations were 2%, 15%, and −9% in 

Beijing, Tianjin, and Taiyuan, respectively. 
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Figure 4. Time series of the observed and simulated black carbon concentrations (μg·m−3) in the three 

major cities (Beijing, Tianjin and Taiyuan) in the North China Plain (NCP). 

To better show the model performance, a scatter plot of the simulated and observed BC 

concentrations is illustrated in Figure 5. The three lines from left to right in the figure are the 2:1, 1:1, 

and 1:2 ratio lines, respectively, with 269 data points in total. Within the total data points, 228 data 

points fall inside the 2:1 and 1:2 ratio lines, accounting for 85% of the total data points. This validation 

suggests that the WRF-Chem model reasonably captured the spatial and temporal variations of 

atmospheric black carbon in China, although some discrepancies remain.  
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Figure 5. Scatter plot of the simulated and observed BC (black carbon) concentrations in mainland 

China. 

3.1. Effect of Diesel Vehicle Emissions on BC 

In order to understand the effect of diesel vehicle emissions on black carbon concentrations in 

mainland China, the spatial and temporal distributions of black carbon aerosols in 2017 were 

conducted via two sensitivity studies. One simulation included the total BC emissions, while the 

second simulation used only the BC emissions from diesel vehicles. The results are presented as the 

average over four seasons (January, April, July, and October). Figure 6 shows the annual spatial 

distributions of black carbon concentrations from all sources of BC emissions and only diesel vehicle 

emissions over mainland China, respectively. For all source cases, there were large spatial 

distributions of BC concentrations, with the highest value of 6.92 μg·m−3 found in the NCP. For only 

diesel vehicles, the spatial distribution of the BC concentrations was similar to the total source case 

but with smaller BC concentrations. For example, the highest value still occurred in the NCP region, 

with a regional average value of 1.28 μg·m−3, which is five times smaller than the total source case. 

 

Figure 6. Two different case studies of the annual spatial distributions of black carbon concentrations 

(μg·m−3) over mainland China (A) including all sources and (B) diesel vehicles only. The small 

rectangle represents the North China Plain, and the large rectangle represents the major urban areas 

of China. 

In addition to the strong spatial distribution of BC concentrations, there were also significant 

seasonal variations. As shown in Figure 7A,B, there were different seasonal variations in emissions 

between the two cases (i.e., all sources and diesel only). For example, the BC concentrations in the 

NCP were profoundly higher in winter (January) than in other seasons for all sources but this was 

not for diesel only emissions. The profoundly higher BC concentrations in the all source case suggest 

that the other BC emissions (in addition to the diesel vehicle emissions) play important roles in 

winter, yielding much higher BC concentrations. For example, the average BC concentration was 4.4 

μg·m−3 in winter but only 1.2 μg·m−3 in summer (July). The ratio between the winter value and the 

summer value was 3.7. However, in the only diesel vehicle emission case, the seasonal variation was 

not strong compared to that in the all source case. For example, the average BC concentration was 0.4 

μg·m−3 in winter but was 0.24 μg·m−3 in summer (July). The ratio between the winter value and the 

summer value was 1.7. 
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Figure 7. The calculated seasonal variation of the average BC concentrations from all sources (A) and 

diesel vehicles only (B). 

This result suggests that a reduction in diesel vehicle emissions provides more benefits for 

reducing BC pollution not only in winter but also in the other seasons.  

3.2. Sensitivity Experiments and Potential Benefits of the DPF for BC 

As described in Section 2.3, three sensitivity experiments (CTRL, CASE1, and CASE2) were 

designed for this study, corresponding to three different diesel vehicle emission scenarios. Figure 8 

shows the spatial distributions of the changes in BC concentrations due to the BC emission reduction 

cases (CASE1 and CASE2) versus the base case (CTRL). The results show that when the black carbon 

emissions from diesel vehicles were reduced by 65% (CASE1), there was a significant reduction in 

BC concentrations, especially in the NCP, Shandong province, Yangtze River Delta, Chengdu–

Chongqing, and Pearl River Delta regions. The calculated highest black carbon reduction was up to 

0.83 μg·m−3 in NCP, with an average black carbon reduction of 0.19 μg·m−3, accounting for 9.2% 

reduction. In eastern China, the average BC reduction was 0.09 μg·m−3, accounting for 9.4% reduction. 
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Figure 8. The spatial distribution of changes in black carbon concentrations (μg·m−3) for the two 

different emission reduction scenarios (CASE1 and CASE2) versus the base case CTRL(A), CASE1 

versus CTRL; (B), CASE 2 versus CTRL). The small rectangle represents the North China Plain (NCP), 

and the big rectangle represents the region of eastern China (the most major urban areas of China). 

When the black carbon emissions from diesel vehicles were reduced by 39%, the distribution of 

black carbon reduction (CASE2) was similar to the result of CASE1. However, the magnitude of BC 

concentration reduction was smaller than the value of CASE1. The calculated highest black carbon 

reduction occurred in the NCP, with a reduction of 0.50 μg·m−3. The average reduction in BC 

concentration in the NCP was 0.11 μg·m−3, accounting for a 5.5% reduction. In eastern China, this was 

0.05 μg·m−3, accounting for a 5.6% reduction. 
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Table 2 shows the calculated reduction in BC concentrations averaged in the NCP and eastern 

China for different cases (CASE1 and CASE 2) in different seasons. In CASE1 (BC emissions from 

diesel vehicles reduced by 65%), the average BC concentrations decreased by about ~6% in January 

and by more than 10% in the other three seasons. In some regional locations, the highest reductions 

were greater than 50% in spring and summer. 

Table 2. The changes in BC concentrations were averaged in the NCP and eastern China due to the 

BC emission reduction cases (CASE1 and CASE2) versus the base case (CTRL) in different seasons. 

Seasons Areas 
CASE1 (65% Reduction) CASE2 (39% Reduction) 

High Low Mean High Low Mean 

Jan NCP 9.6% 3.1% 5.9% 5.8% 1.9% 3.5% 

 Eastern China 25.5% 1.0% 6.2% 15.3% 0.6% 3.7% 

Apr NCP 17.2% 6.7% 12.7% 10.3% 4.0% 7.6% 

 Eastern China 52.2% 3.6% 12.8% 31.3% 2.2% 7.7% 

Jul NCP 17.2% 5.7% 11.9% 10.3% 3.4% 7.2% 

 Eastern China 52.1% 3.3% 12.8% 31.2% 2.0% 7.7% 

Oct NCP 17.8% 6.3% 12.6% 10.7% 3.8% 7.6% 

 Eastern China 42.7% 3.1% 11.9% 25.6% 1.9% 7.2% 

In CASE2 (BC emissions from diesel vehicles reduced 39%), the average BC concentrations 

decreased by about ~3.5% in January and by more than 7% in the other three seasons. Case BC39 

presented an average ~3.5% reduction in January and more than 7% in the other three seasons for 

both the NCP and eastern China. In some regional locations, the highest reductions were greater than 

30% in spring and summer. 

This study suggests that the installation of DPF in diesel vehicles has a significant effect on 

atmospheric black carbon concentrations, with 5% to 10% BC concentration reductions in polluted 

areas of China, such as the NCP and eastern China. The reduction in BC was more prominent in 

spring, summer, and autumn but less effective in winter due to the higher concentrations of 

pollutants in the atmosphere.  

DPF have been used for years in all road diesel engines worldwide. Most previous studies have 

focused on the direct emissions from DPF-equipped diesel engines, especially nonvolatile particle 

emissions, such as black carbon or soot [33–35]. Previous studies show that heavy-duty engines 

equipped with DPF emit two orders of magnitude less mass of total particles [36] and average BC 

emission factors decrease by 76 ± 22% [34] when compared to the case without DPF. However, there 

are few model simulation assessments of atmospheric black carbon concentration reduction by diesel 

trucks equipped with DPF. This study used WRF-Chem, a state-of-the-art model to simulate particle 

diffusion, distribution and chemical reactions in the atmosphere due to the use of DPF on diesel 

vehicles. The results indicate that the usage of DPF in diesel vehicles produce important benefits with 

respect to atmospheric air quality and should be promoted, especially in geographical areas suffering 

from poor air quality. 
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4. Summary 

Black carbon (BC) particles have an important effect on the climate and the environment. The 

main sources of BC emissions include industrial activities, vehicles, biomass burning, and residential 

burning. Mobile sources account for ~25% of BC emissions, among which ~70% belong to diesel fuel 

combustion. The rapid growth of diesel vehicles in China in recent years has resulted in great 

attention being focused on the control of pollution due to fine particles. As a mature vehicle exhaust 

control technology, DPF can be used to reduce the black carbon emissions of diesel vehicles and is 

potentially a suitable pollution control method for a large number of existing high-polluting diesel 

vehicles in China. However, despite the high purification efficiency of DPF in laboratory and small-

scale experiments, its emission reduction efficiency and effects on air quality have not been 

investigated on a national scale and are not well understood. In this study, the potential reduction in 

atmospheric black carbon and benefits induced by using DPF in diesel vehicles in mainland China 

were evaluated using the WRF-Chem model. The black carbon emissions of diesel vehicles were first 

estimated based on the emission inventory supported by Tsinghua University (Zhang et al., 2009) 

and updated by the “China Vehicle Environmental Management Annual Report”. Using the WRF-

Chem model, three sensitivity experiments (CTRL, CASE1, and CASE2) were designed for different 

black carbon emission reduction scenarios with different DPF applications. The model sensitivity 

studies focused on the scope of potential benefits through reduction BC pollution in China when 

adopting DPF control technology. The main results are summarized as follows: 

1. Although China implemented stringent emission standards and accelerated the elimination of 

yellow-label vehicles from 2013 to 2017, the reduction in particulate matter from diesel vehicles 

was not clearly improved. The annual black carbon emissions of diesel vehicles in 2013 and 2017 

were respectively 313,300 T and 269,751 T y−1, corresponding to 19.11 and 19.57 million diesel 

vehicles.  

2. Both simulated black carbon from all sources and diesel vehicles in 2017 exhibited specific 

characteristics in terms of spatial distribution, in which higher BC concentrations are mainly 

concentrated in densely populated areas. The highest BC concentrations occurred in the large 

cities of the North China Plain (NCP). For example, in three large NCP cities (Beijing, Tianjin, 

and Taiyuan), the average observed and simulated black carbon concentrations in 2017 were 

respectively 8.4 and 8.6 μg·m−3 in Beijing, 9.1 and 10.5 μg·m−3 in Tianjin, and 18.6 and 17.0 μg·m−3 

in Taiyuan.  

3. There are also important seasonal variations of BC concentrations in the NCP. For example, in 

2017, the average BC concentration in the NCP was 0.4 μg·m−3 in winter but 0.24 μg·m−3 in 

summer (July). The ratio between the values for winter and summer was 1.7. However, the BC 

concentrations in the NCP were profoundly higher in winter than in summer, with a ratio of 3.7. 

This result suggests that a reduction in diesel vehicle emissions has more benefits for reducing 

BC pollution not only in winter but also in other seasons. 

4. The sensitivity studies show that in CASE1 (BC emissions from diesel vehicles reduced by 65%), 

the average BC concentrations decreased by about ~6% in January and by more than 10% in 

other seasons. In some regional locations, the highest reductions were greater than 50%. In 

CASE2 (BC emissions from diesel vehicles reduced by 39%), the average BC concentrations 

decreased by about ~3.5% in January and by more than 7% in other seasons. 

This study shows that installing a DPF to control black carbon emissions and reduce the 

subsequent environmental and climatic impact has a significant and positive effect. Thus, the use of 

DPF can be considered as an executable control measure for diesel vehicle emission reduction.  
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