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Abstract: Traffic information from the distance matrix application program interface (API), which is a
part of the Google Maps API service, was used to develop a near real-time traffic emissions inventory
in Bangkok. The information provided includes distance and traveling time, which can be used to
develop an Underwood traffic model for traffic volume estimation. The speed-dependent emission
factors, road distance and traffic volume, which were estimated based on the distance matrix API,
and fleet composition, were used to estimate carbon monoxide (CO), hydrocarbon (HC), nitrogen
oxide (NOx) and particulate matter (PM) emissions from eight types of vehicles, including passenger
cars, motorcycles, pick-ups, taxis, vans, buses, tuk-tuks and trucks. On the weekend, in Bangkok,
the traffic released 190 tons/day of CO, 34 tons/day of HC, 55 tons/day of NOx and 3 tons/day
of PM. The traffic emissions on a weekday in Bangkok were 209 tons/day of CO, 39 tons/day of
HC, 61 tons/day of NOx and 4 tons/day of PM. The spatial and temporal distribution of traffic
emissions demonstrate that the area of highest traffic emissions was the center of Bangkok. Therefore,
the Google Map API service can be used to develop near real-time traffic emission inventories.

Keywords: emission inventory; traffic emission; google map API

1. Introduction

Bangkok is a megacity and is the economic, financial and tourism center of Thailand.
According to INRIX [1], Bangkok was ranked sixteenth out of 1360 cities in the world and
first out of 54 cities in Asia in terms of where people spend most time on roads due to traffic
congestion. One of the reasons for traffic congestion is the rapid increase in the number of
vehicles relative to the speed of road network expansion [2]. There is a high number of old
vehicles, particularly vehicles aged more than 10 years [3]. These contribute significantly to
the high level of traffic emissions in Bangkok.

Data collected from roadside air quality monitoring stations in Thailand showed that
the annual average concentration of fine particulate matter (PM2.5) often exceeded the
national ambient air quality standards [4]. Traffic emission is considered as one of the
major sources of PM2.5 in Bangkok [5,6]. According to Leong et al. [7] and Wang et al. [8],
many factors, such as fuel quality, vehicle operating condition, diurnal traffic patterns and
vehicle age affect emissions from in-use vehicles. Around 85% of all NOx emissions from
traffic are produced by diesel engines. Moreover, emissions of PM from diesel vehicles are
six to ten times higher than those from gasoline vehicles [9,10]. Furthermore, old vehicles
produce several unregulated hazardous hydrocarbon (HC)-based air pollutants, such as
methane and polycyclic aromatic compounds. These air pollutants can cause several health
conditions, including cancer, respiratory-related symptoms and lung disease [11,12].

An emissions inventory is a tool that can be used for managing air quality, along with
air quality monitoring and air quality modeling. Emissions inventories are used to identify
sources and magnitude of emissions during a specific period in an identified geographical
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domain. Approaches used for on-road (or traffic) emission’s inventory development can
range from top-down (less detail) to bottom-up (more detail) methods depending on
the availability of both activity data and information on emission factors. For example,
Mohan [13] and Liu et al. [14] estimated traffic emissions in Delhi and urban areas in China,
respectively, using detailed activity data, i.e., traveled distance, vehicle type and traffic
volume. To obtain this traffic information, significant resources (i.e., time and man-hours)
were required for data collection. Conventional data collection methods include counting
the number of cars at different intersections and roads at different times and measuring the
average speed of vehicles on each road.

Instead of using conventional methods to acquire information on traffic volumes by
field survey, traffic flow theory [15] and traffic models [16] can be used to estimate traffic
volume based on traffic density and vehicle speed if the width of the road is known [17,18].
With respect to emission factors, the emissions of vehicles traveling at different speeds
on the road are not the same [19,20]. For instance, emissions of HC and CO decrease
when vehicle speed increases, while emissions of NOx decrease until the optimum speed
is achieved before increasing when vehicle speed is increased. Thus, vehicle speed on
the road can be used to better select the appropriate vehicle emission factors for vehicles
traveling on selected roads.

In this study, the Google map API, called the distance matrix API, which provides
details of duration and distance between two points on any road section (starting node
and ending node) from the Google map application [21], was used to estimate the average
speed on different road sections in Bangkok. This near real-time traffic information from
the Google API was used with a traffic model to predict traffic volume and to help in
selecting suitable speed-related emission factors to develop a near real-time traffic emission
inventory in Bangkok.

2. Methods

The distance matrix API was used to retrieve distance and travel duration data of
different road sections in Bangkok which could then be converted to data on average traffic
speed. The distance matrix API is a Google service which provides duration and distance
data between starting nodes and ending nodes from a Google map application [21]. Users
can extract the distance and travel time using programming languages, such as Python. The
starting node and ending node can be identified using latitude and longitude co-ordinates
on the road. Wagner et al. [22] validated travel time information from the Google API
and concluded that it could provide a cost-effective means of developing a traffic-related
database. However, accuracy could only be evaluated for large roads, such as freeways,
but not for small roads. Thus, the accuracy of data acquired from small roads remained
uncertain.

After retrieving distance and travel duration information online, traffic models repre-
senting the relationship between traffic volume and traffic speed, including a lane adjust-
ment factor, were developed using traffic information from October 2018 to February 2019,
the period before the COVID-19 situation, representing normal traffic patterns in Bangkok.
Then, traffic volume data, estimated from the traffic model and lane adjustment factor
according to vehicle type and engine technology, were multiplied with speed-related emis-
sion factors to produce an estimated near real-time traffic emissions inventory in Bangkok.
The near real-time traffic emission inventory for each road segment was developed based
on a bottom-up approach, as shown in Equation (1).

Qp
k= EFp

i,j × VTi,k × Lk (1)

where

Qp
k = traffic emission of pollutant p on road segment k (g/hr)

EFp
i, j = emission factor for pollutant p from vehicle type i at speed j (g/km)

VTi,k = traffic volume of vehicle type i on road segment k (vehicles/hr)
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Lk = length of road segment k (km)

2.1. Traffic Model and Lane Adjustment Factor

The speed of vehicles on the road was calculated from the relationship between
distance and traveling time between two points using the distance matrix API. The Python
programing language, using the requested parameters provided by Google, was used to
automatically retrieve traffic information from the distance matrix API [21]. The coordinates
of the starting nodes and the ending nodes were mapped and entered in terms of latitude
and longitude co-ordinates in Python using the Google My Maps application to cover all
main roads in Bangkok. The term “main road” here refers to public roads that connect the
province to districts and sub-districts. The duration and traveling distance were collected
every 15 min from the distance matrix API and averaged to produce the 1-hr average
speed of vehicles on each road segment. The speeds retrieved every 15 min showed
differences in average speeds on the road of up to 2 km/hr within one hour, indicating a
good representation of the 1-hr average speed for the road segment. Thus, 15-min intervals
were selected to provide information on the 1-hr average speed to save data retrieval costs.
The retrieved 1-hr average speed on the road was used as input to the traffic model to
estimate the traffic volume for each road segment.

Sirisubtawee [23] applied three traffic models, namely the Greenshield model, Green-
berg model and Underwood model, to predict the traffic volume for a three-lane road in
Bangkok and found that the Underwood model provided the highest R-squared value
between the actual (manually counted) traffic volume and the predicted traffic volume.
However, it was noted that the Underwood traffic model was intended for use in free-flow
conditions (low density), while other traffic models were better for use with high density
traffic [24,25]. In high-density traffic cases, such as Bangkok, other traffic models may
perform better than the Underwood traffic model. Thus, potential limitations of the model
for the prediction of different traffic conditions require further investigation. In this study,
we validated the number of vehicles estimated from the model against the number of
vehicles counted manually from CCTV to check whether the Underwood model could be
used in Bangkok (Section 3.4). It is, however, recommended that limitations of the model
are considered (e.g., traffic conditions, etc.), and validation processes should be applied
before the model is used when researching other areas.

The Underwood traffic model (Equation (2)) [16], representing the relationship be-
tween the average speed of vehicles on the road (u) and traffic volume (k), was used in this
study:

u = uf e(−k/km) (2)

where

u = speed (km/hr)
k = density (veh/km)
uf = free-flow speed (km/hr)
km = optimum density (veh/km)

To obtain the free-flow speed and optimum density values in Equation (2), the speed
of vehicles derived from the distance matrix API was plotted on the Y-axis and the density
of vehicles on the road, obtained from video recordings, was plotted on the X-axis. The
Underwood model (Equation (2)) was then used to fit the data. The values of the constant
for free-flow speed (uf) and the optimum density (km) were obtained from the intercept and
slope of the graph. The optimum density is an indicator of the capacity of the road segment
(an increase in optimum density results in a higher number of vehicles on the road). Using
the estimated free-flow speed (uf) and the optimum density (km), the traffic density (k)
estimated from the traffic model was validated against the traffic density derived from
manual counting of the number of vehicles on the road for the same hour. Five roads in the
center of Bangkok, with one to four lanes, were used in this study.
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Next, lane adjustment factors, which were used to adjust the traffic volume based on
the number of lanes, were developed. A three-lane road was used as the default number of
lanes and the volume of different vehicle types was converted to the volume of passenger
car equivalents using the passenger car unit (PCU). Then, the acquired PCU was divided
by the traffic volume of the three-lane road to estimate the lane adjustment factor. The
relationships between lane adjustment factors and speeds were developed for each number
of lanes on the road.

To determine the fleet composition on the road, traffic volume data obtained from
video records were manually counted and categorized into eight types of vehicles, including
personal cars (PCs), vans, pickups, motorcycles (MCs), tuk-tuks, taxis, buses and trucks.
The fleet composition on roads having different numbers of lanes (i.e., 4-lane, 3-lane, 2-lane
and 1-lane roads) was observed using traffic video recording to provide data on traffic
volume and vehicle composition. The actual traffic volume was used to validate the traffic
model and lane adjustment factor using an index of agreement (d) and fractional bias (FB).
If the range of d and FB are in the range of agreement (between 0 and 1 for d and between
+0.5 and −0.5 for FB), this indicates that the accuracy and performance of the model are
acceptable [26,27]. Five roads in the center of Bangkok (Table 1) with 14 closed-circuit
television (CCTV) points to monitor traffic were used to collect data on traffic density and
fleet composition for 24 h during the study period.

Table 1. Five roads selected to collect data on traffic density and fleet composition.

Selected Roads Length
(km)

Width
(m)

No. of Lanes
(Direction)

Rama VI 2.28 18 3 (Inbound)
3 (Outbound)

Pradiphat 1.07 15 2 (Inbound)
2 (Outbound)

Pahonyothin 3.43 18 3 (Inbound)
3 (Outbound)

Suthisan Winitchai 1.44 9 1 (Inbound)
2 (Outbound)

Vibhavadi Rangsit 3.18 21 4 (Inbound)
4 (Outbound)

2.2. Emission Factors

Emissions from vehicles depend on various factors, such as vehicle type, vehicle
age, cumulative mileage and operating condition. Based on various characteristics of
in-use vehicles in Bangkok, emission factors were classified according to vehicle type,
emission standard and average speed on the road. Eight categories of vehicles were used,
as discussed in Section 2.1. Vehicles were assumed to use either gasoline fuel (personal car,
taxi, tuk-tuk and motorcycle) or diesel fuel (van, pickup, bus and truck). This assumption
was valid for all vehicle types (more than 85% of vehicle registration numbers followed this
fuel assumption) except for passenger cars with the fraction of gasoline to total vehicles
at around 52% based on vehicle registration data for 2021 in Bangkok. Vehicle emission
standards were classified as pre-Euro, Euro I, Euro II, Euro III and Euro IV [28], which are
the vehicle emission standards implemented in Thailand.

Emission factors at different vehicle speeds were used to estimate pollutant emissions
with the average speed on the road section retrieved from the distance matrix API. To
determine the relationship between emission factors for HC, CO, PM and NOx and vehicle
speed, data for the emissions of in-use vehicles at different speeds were obtained from the
Automotive Emission Laboratory (AEL) of the Thailand Pollution Control Department
(PCD) where chassis dynamometers were used to collect emission data from in-use vehicles.
Using the chassis dynamometer data, the average speed between 10 and 90 km/hr was
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linked to the emission of different pollutants. The relationship between emissions and
speed was then determined, and equations to estimate emission factors using the average
vehicle speed for each vehicle type and the engine standard were derived by curve fitting.
Figure 1 shows the PM emission factors vs. vehicle speeds for vans (diesel vehicles).
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Figure 1. PM emission factors vs. vehicle speeds for (diesel) vans.

The relationship between the emission factor and the vehicle speed for eight types of
vehicles and engine standards is provided in Tables S1–S8 (Supplementary Materials).

2.3. Traffic Emission Inventory

The traffic emission inventory was developed using a bottom-up approach using three
major parameters. The first parameter was the traffic volume, which was estimated using
the traffic model. The second parameter was the length of the selected road. The third
parameter was the emission factor at the average speed of the vehicles on that road link.
The overall process for the development of the near real-time traffic emission inventory is
presented in Figure 2.
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The traffic emissions on 2860 km of the main roads in Bangkok were automatically
calculated by retrieving the traffic data from the distance traffic API and the Python code
every 15 min. The main roads are the public roads that connect the province with the
districts and sub-districts. The total traffic emissions were calculated and extrapolated to a
total road length of 5400 km, including both the main and small local roads in Bangkok [29].
The spatial and temporal distribution of emissions were represented by plotting all road
links in ArcGIS.

3. Results
3.1. Vehicle Type and Technology in Bangkok’s Fleet

Information on fleet composition in Bangkok was collected by counting vehicle num-
bers on roads with different lanes using traffic video records. From Figure 3, it can be seen
that the proportion of different vehicle types on roads having different numbers of lanes
was not the same. However, the pattern was quite similar: PC and MC were found mostly
on the roads, followed by taxi and pick-up. There were a larger proportion of large vehicles,
i.e., buses and trucks, on roads with more lanes. In contrast, the proportion of motorcycles
decreased as the number of lanes increased.
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The engine technology of vehicles on the roads was estimated using the enforcement
dates of different emission regulations and vehicle registration data from the Department
of Land Transport (DLT) in Thailand. It was assumed that vehicles which were registered
after the enforcement date for the latest vehicle emission standard in Thailand would follow
that emission regulation (Table 2). The proportion of different vehicle types on the road
was estimated using data for registered vehicles by age from the DLT (Figure 4). It was
assumed that the proportion of different standard vehicles on the road was similar to that
from the DLT registration data.

Table 2. Vehicles ages with different European emission standards in Thailand.

Vehicle Type Vehicle Ages with Different European Standards in Thailand (Years)

Pre-Euro Euro I Euro II Euro III Euro IV

Passenger car, Taxi ≥20 18–19 14–17 7–13 <1–6
Van, Pick-up ≥20 18–19 14–17 7–13 <1–6
Bus, Truck >20 20 12–19 <1–11 -
Motorcycle ≥20 15–19 11–14 <1–10 -
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3.2. Traffic Models for Bangkok City

Traffic information from the distance matrix API was collected for 24 h in February
2019 and was used to estimate traffic density on the road. The traffic density and speed on
the same road were plotted together to determine the relationship between both variables.
Traffic models were then developed for roads with a different number of lanes. Figure 5
shows traffic models developed for different numbers of lanes. The traffic model for a
three-lane road was selected to represent the main traffic model. It was used with the
lane adjustment factor to estimate the traffic volume for different numbers of traffic lanes.
Figure 6 shows the speed and density plotted with additional data reflecting a revised
relationship between the 1-hr average speed and density. The data used for Figure 6
includes data on speed from different traffic directions on the same road (inbound and
outbound) resulting in a slightly weaker relationship (R2) than when using data from one
traffic direction alone. Greater fluctuation in average speed was observed at low vehicle
density, consistent with the observations of Yu et al. [30]. Therefore, errors in prediction of
traffic volume based on the traffic model could increase at high speed when vehicle density
is low. The results showed that the average traffic volume was equal to 298 vehicles/hr
(based on the actual number of vehicles obtained from CCTV recording during the night)
when the average speed on the road was equal to or higher than 46 km/hr.
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Figure 6. Traffic models of the 3-lane road with more samples.

3.3. Development of the Lane Adjustment Factor

Chandra et al. [17] developed factors to adjust the number of vehicles using the
relationship between capacity and road width. In this study, a similar concept was applied
using the number of lanes instead of the road width. The traffic models from Figure 4 were
used to develop the lane adjustment factor. The traffic models for the 1-lane, 2-lane and
3-lane roads were used to estimate the traffic volume on the road. The traffic volume for
4-lane roads was then projected based on information on lane, speed and traffic volume.
Then, the traffic volume for the 1-lane, 2-lane and 4-lane roads was divided by the traffic
volume from the 3-lane road to develop the lane adjustment factors (Figure 7). From
Figure 7, it can be seen that the lane adjustment factors for the 1-lane and 2-lane roads
decreased when the average speed increased. However, the lane adjustment factor for the
4-lane road increased when the average speed on the road increased. All graphs were fitted
with a polynomial equation. If the number of lanes was not three, the lane adjustment factor
was used to adjust for the accuracy of the traffic volume using the developed polynomial
equations.
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3.4. Validation of the Traffic Model

The vehicle volume estimated from the traffic model and lane adjustment factor was
validated against the actual vehicle volume on the road using an index of agreement and
fractional bias. The inputs to the calculation of the index of agreement and fractional bias
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were the vehicle volume from the Underwood traffic model developed and the actual
(manually counted) vehicle numbers on the road derived from CCTV recording. Table 3
shows the results of the model validation using the manually counted traffic volume. For
all the roads tested in this study, most of the indices of agreement and fractional biases were
within the acceptable range (as discussed in Section 2.1). For the Suthisan Winitchai road
(the Sapan-kwai intersection), the fractional bias and the index of agreement were not in
the acceptable range. This was because there was a special traffic arrangement to manage
traffic congestion on the road during different hours of the day. During rush hour in the
evening (from 17.00 hrs to 19.00 hrs), the inbound direction was canceled and changed
to an outbound direction to increase the capacity for outbound traffic which involved
higher demand in the evening. Although the actual traffic volume for this period should
be equal to zero, the distance matrix API still showed the speed on this road. Therefore,
time-specific traffic arrangements can create differences between the actual traffic volume
and the predicted traffic volume. However, not many roads applied this time-specific
arrangement to handle traffic congestion in Bangkok.

Table 3. The result of the traffic model validation.

Observed Road Direction Number of Lanes Index of
Agreement (d) *

Fractional Bias
(FB) **

Pahonyothin
(BTS Ari) Outbound 3 0.65 0.46

Pahonyothin (Sanampao BTS) Outbound 3 0.96 −0.09
Pahonyothin (Sanampao BTS) Inbound 3 0.85 −0.36

Rama VI
(Department of public work) Outbound 3 0.98 −0.11

Rama VI
(Department of public work) Inbound 3 0.97 −0.14

Vipawadee Rangsit Outbound 4 0.50 0.16
Pradiphat Inbound 2 0.57 0.42
Pradiphat Outbound 2 0.80 0.21

Suthisan Winitchai
(Wipawad intersection) Inbound 1 0.65 −0.08

Suthisan Winitchai
(Sapan-kwai intersection) Inbound 1 0.00 0.69

* Acceptable range is between 0 and 1. ** Acceptable range is between −0.5 and +0.5.

3.5. Diurnal Distribution of Traffic Emissions

The diurnal emissions distribution of CO, HC, NOx and PM were estimated for
weekdays (from 11 to 13 March 2019) and weekends (on 17 and 31 March 2019) for 24 h.
Figures 8 and 9 show the 24-hr traffic emissions on weekdays and weekends, respectively.
Emissions during the weekend were lower than those during weekdays, especially at
8.00 hrs. However, the trend in hourly traffic emissions for weekdays and weekends was
almost the same. The lowest traffic emissions occurred during the night and increased in
the morning. Traffic emissions remained constant in the afternoon and reached a maximum
in the evening around 18.00 hrs.
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3.6. Spatial Distribution of Traffic Emissions in Bangkok

Figure 10 shows the spatial distribution of PM emissions for different roads in Bangkok.
Other pollutants (CO, HC and NOx) showed similar spatial distribution patterns. Figure 10
was plotted using emissions data estimated for each major road segment in Bangkok; the
emissions were overlaid with the corresponding road segment in ArcGIS. Traffic emission
on roads in the centre of the city were higher than emissions in border areas. In the centre
of the city, there were 110–160 g/hr/km of PM emissions. PM emissions in the border areas
ranged from 10–40 g/hr/km. The total traffic emissions were estimated as 8.34 tons/hr,
1.54 tons/hr, 2.42 tons/hr and 0.12 tons/hr for CO, HC, NOx and PM, respectively.

To compare traffic emissions observed in this study with other studies, we multiplied
emissions found in this study with the ratio of the road length in this study and the road
length in the Bangkok Metropolitan Region (BMR), which includes Bangkok and five
surrounding provinces, since other studies had previously estimated emissions for the
BMR area. Table 4 illustrates that the traffic emissions projected to the BMR area were
comparable to the emissions reported in the other three studies. The differences among the
emissions estimated from this study and the other three studies were due to differences
in the base year, the methodology used (near real-time method vs. conventional method)
and emission factors (speed-dependent emission factors vs. average fleet emission factors).
For CO, this study estimated CO emissions as 433 kt/yr, while the other studies estimated
CO emissions to be in the range 153–371 kt/yr. Since CO emissions are highly related to
vehicle speed, CO emissions estimated from speed-dependent emission factors for average
speed in the city (and projected to other metropolitan area) may lead to higher emissions
estimates than for other studies using fleet average CO emission factors. For HC, NOx and
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PM, this study estimated emissions to be within the range between the lowest and highest
estimations from the other studies. Thus, the near real-time on-road emission estimation
method can be used to estimate emissions and produces similar result to those obtained
using conventional methods.
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Table 4. Comparison of traffic emission inventories in the BMR area.

Studies Emission
Year

Traffic Emission
(kt/Year)

CO HC NOx PM

This study 2019 433 80 127 7
GAINS [31] 2020 153 31 47 5

Cheewaphongphan et al. [32] 2010 239 35 147 9.3
Kim Oanh et al. [33] 2010 371 117 209 8

3.7. Contribution of Different Vehicle Types to Traffic Emissions in Bangkok

From Figure 11, it can be seen that the number of lanes directly affected vehicle
composition on the road and, thus, traffic emissions. The proportion of emissions from
small vehicles, such as motorcycles and passenger cars increased as the number of lanes
reduced. Moreover, the major sources of CO and HC were from motorcycles, which
contributed 64% and 44% of total traffic emissions, respectively. Buses were the major
source of NOx and PM, contributing 30% and 45% of total traffic emissions, respectively.
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4. Conclusions

The Google Maps API was used to develop a near real-time traffic emission inventory
in Bangkok. The accuracy of the inventory developed depended on the traffic model,
emission factors and traffic information (such as the number of lanes and type of road)
employed. The Google Maps API provides traffic information in terms of duration of travel
and road length which can be used to estimate the speed of vehicles on the road. The
speed of vehicles was used as input to the traffic models to estimate the traffic volume
(number of vehicles on the road) and the emission factors (which depend on vehicle speed).
The programming language Python was used to access the Google Maps API. The traffic
information from the Google Maps API was used to calculate the estimated traffic volume
as a basis for automatically developing the emissions inventory for each road. Therefore,
the traffic emission for roads in Bangkok could be determined within a short period. Using
the Google Maps API and the speed specific emissions factors in this study, the annual
traffic emissions in Bangkok in 2019 were estimated to be 87 kt/yr of CO, 16 kt/yr of HC,
25 kt/yr of NOx and 1.4 kt/yr of PM

With respect to the diurnal distribution of traffic emissions, the patterns of traffic
emissions on weekdays and weekends were quite similar, except between 5.00hrs and
8.00hrs. However, emissions on weekdays were higher than emissions on weekends. The
spatial distribution of traffic emissions on the roads indicated that emissions in the centre
of Bangkok were higher than in the border areas due to extreme traffic congestion and a
higher number of vehicles on the roads.

In Bangkok, the major contributor to CO and HC emissions was motorcycles, which
emitted 64% of CO emissions and 43% of HC emissions. Buses were the largest source of
NOx and PM emissions, contributing 30% and 45% of NOx and PM in Bangkok, respec-
tively.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/atmos13111803/s1, Table S1. Equations for estimating
CO emission factor from vehicle speed for light-duty vehicles; Table S2. Equations for estimating CO
emission factor from vehicle speed for heavy-duty vehicles; Table S3. Equations for estimating HC
emission factor from vehicle speed for light-duty vehicles; Table S4. Equations for estimating HC

https://www.mdpi.com/article/10.3390/atmos13111803/s1


Atmosphere 2022, 13, 1803 13 of 14

emission factor from vehicle speed for heavy-duty vehicles; Table S5. Equations for estimating NOx
emission factor from vehicle speed for light-duty vehicles; Table S6. Equations for estimating NOx
emission factor from vehicle speed for heavy-duty vehicles; Table S7. Equations for estimating PM
emission factor from vehicle speed for light-duty vehicles; Table S8. Equations for estimating PM
emission factor from vehicle speed for heavy-duty vehicles.
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