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Abstract. To assess the quality of road traffic organization on 
environmental indicators, two methods of five regulations operating in the 
Russian Federation, which take into account the parameters of traffic flow, 
affecting the volume of emissions Pollutants. The parameter that affects 
the results of calculations in both methods is the average speed of 
movement. In real-world conditions on urban highways there are areas 
where the traffic flow is uneven (braking, acceleration, stopping), which 
entails an increase in the amount of pollutants from vehicles. At the same 
time, this uneven traffic is largely due to the existing the road design and 
traffic engineering on certain elements of the road network. This is the 
basis for the development of a methodology for calculating pollutant 
emissions to assess the quality of the traffic engineering, taking into 
account the uneven flow of traffic. 

1 Introduction 
In accordance with Decree of the Government of the Russian Federation dated December 
25, 2015 No. 1440 “On the approval of requirements for programs for the integrated 
development of the transport infrastructure of settlements, urban districts,” the program for 
the comprehensive development of the city’s transport infrastructure should include: 
assessing the level of negative impact of the transport infrastructure on the environment, 
safety and public health; measures to reduce the negative impact of transport on the 
environment and public health. In addition, according to the Order of the Ministry of 
Transport of the Russian Federation dated March 17, 2015 No. 43 “On approval of the 
Rules for the preparation of projects and schemes road design and traffic engineering”, the 
developed measures for the road design and traffic engineering (RDTE) should constitute 
an integrated system of technically, economically and environmentally sound measures of 
an organizational nature, and one of the tasks of developing project documentation for 
RDTE is to reduce the negative impact of road transport on the environment. The most 
harmful impact on the part of transport infrastructure in large cities is caused by air 
pollution by automobiles [1, 2]. Therefore, to solve the above problems, a technique is 
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needed that allows not only an environmental assessment of the quality of the existing 
traffic organization, but also calculations to analyze various options for design decisions on 
the elements of the road and street network (RSN) of settlements. 
 There are two types of methods that assess the level of air pollution by traffic: methods 
that estimate the concentration of pollutants in the roadside territory [1,3,4,5] and methods 
that estimate the amount of pollutant emissions by automobile road [1,2,6,7,8,9]. The 
methods of the first type are focused on assessing the quality of atmospheric air, in which 
pollutants can be present not only from the exhaust gases of vehicles, but also emissions 
from stationary sources [10], therefore, their use for assessing the quality of RDTE on RSN 
elements in settlements is limited and can be used for certain conditions. Therefore, 
methods of the second type are more suitable for environmental assessment of the quality 
of RDTE. 

Currently, five regulatory documents regulating the implementation of pollutant 
emissions calculations by road transport are legally binding in Russia: four methods, 
according to the list of [11] and GOST P56162-2014. 

Moreover, the methodology[6] and GOST R 56162 - 2014 practically repeat each other. 
To assess the quality of RDTE by environmental indicators, the most interesting are the 

methods [6,7], which take into account the parameters of the traffic flows that affect the 
volume of pollutant emissions. Both methods have a similar approach to calculating 
emissions of pollutants from moving vehicles, an important parameter influencing the 
results of calculations is the average speed of movement. 

But average speed can be used to indirectly evaluate the effectiveness of RDTE. In real 
conditions, there are areas on city highways where traffic flows unevenly (braking, 
accelerating, stopping), which entails an increase in the amount of pollutant emissions from 
vehicles. At the same time, this uneven movement is largely due to the existing RDTE on 
certain elements of the RSN. 

2 Task assignment 
The above was the basis for the development of a methodology for calculating pollutant 
emissions from non-stationary traffic flows, taking into account their unevenness. The 
subject of research, in this case, will be the dependencies connecting the amount of 
pollutant emissions from traffic flows regimes. 

3 Theory 
The main source of pollutant emissions in traffic is vehicle engines. 

To evaluate automobile engines as a source of pollution, indicators are used that take 
into account the chemical composition and amount of exhaust gases, as well as energy 
indicators of vehicles in specific or averaged operating conditions [1]. 

The intensity of emissions of the i-th pollutant emitted by the engine per unit time (g/h) 
depends on the concentration of the i-th pollutant in the exhaust gases Ci and volumetric 
exhaust emissions Qv [1]: 

,νQiCiG ⋅=        (1) 

where Ci is the concentration of the i-th pollutant, g/m3; Qv volumetric exhaust emissions, 
m3/h. 

The calculation of the amount of harmful emissions emitted by the transport stream 
according to the methods [6,7] is based on the generally accepted indicator mpi - the 
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emission of the i-th pollutant by one car per unit of distance traveled (g/km), which is called 
mileage emission [1]: 

,/ViGрim =       (2) 

where V - is the speed of the car, km/h. 
The mass emission МLi of the i-th pollutant by cars of the same type, the number of 

which is N, will be N times greater: 

.р NlimNLimLiM ⋅⋅=⋅=     (3) 

where l - road length (or its section), km; Lim  - mileage release of a pollutant by one 

vehicle. 
The intensity of traffic flow λ (avt./h) is determined by the ratio of the number of N cars 

to the T time interval (hour): ./TN=λ  Then the mass emission 
Lim (g) i-th pollutant by 

traffic flow can be associated with the intensity of traffic and the length of road: 

.р TlimTLimLiM ⋅⋅⋅=⋅⋅= λλ    (4) 

Usually in the traffic flow moving vehicles of different types.  
They are equipped with various engines. To account for the types of vehicles moving in 

the stream, apply the well-known formula [2,6,7] in one form or another: 

,р
1

∑ ⋅⋅=
=

n

k
kklikmhLiM λ     (5) 

where mpik - mileage emission of the i-th pollution by a vehicle of type k; n - number of 
types of vehicles k = 1, 2, ..., n; lk - length of the section of the highway traveled by a 
vehicle of type k; λk - traffic intensity of type k vehicles on the highway section. 

In this form, the formula (5) takes into account the movement of vehicles of different 
types on different lanes. The current methods apply different criteria for splitting vehicles 
into types. The approach to pollutant emissions of used in the methods [6,7] is fair for the 
stationary mode of traffic flow. 

It is known that the movement of vehicles in urban environments is usually non-
stationary [1]. Cars move in modes of acceleration and slowdown. In the dispersal mode, 
emissions of pollutants are increasing, and in the mode of deceleration - decrease [1]. 

In this paper, it is proposed in the calculations of pollutant emissions from traffic flows 
to take into account the average speed in those sections of the highway where the flow is 
stationary, and on the elements of the highway where the flow is unsteady to take into 
account additional emissions. The additional emission of pollutants from the traffic stream 
should be considered separately in the cases: if the cars stopped (there are deceleration 
modes, idle and acceleration), and the situation when the cars are delayed but not stopped 
(deceleration and acceleration). 

The main effect on both fuel consumption and emissions of toxic substances is exerted 
by the acceleration mode. To take into account the effect of acceleration and deceleration 
rates on automobile emissions of pollutants, it is proposed to use correction factors: 

3

MATEC Web of Conferences 298, 00084 (2019) https://doi.org/10.1051/matecconf/201929800084
ICMTMTE 2019



,/
pprr vivi

mmk =        (6) 

where kr - coefficient taking into account the effect of acceleration intensity on the 
emission of pollutants; mprvi - mileage emission of the i-th pollutant in acceleration mode to 
a speed V; mpvi - mileage emission of the i-th pollutant when the vehicle is moving at a 
speed V; 

,/
ppzz vivi

mmk =        (7) 

where kz - coefficient taking into account the effect of the intensity of deceleration on the 
emission of pollutants; mprvi - mileage emission of the i-th pollutant in deceleration mode 
from speed V to a stop. 

Table 1 shows the known values kr, kz of the coefficients kr, kz for different modes of 
movement of vehicles with gasoline and diesel engines according to the work [2]. 

Table 1. the values of coefficients for different types of vehicles during acceleration (kr) and 
deceleration (kz) 

Accele
ration 
(slowd
own) 

to 

type 
of car 

kr kz 

СО СхНу NOх particl
es СО СхНу NOх particle

s 

20 
km/h 

ВМ1 13,
1 5,2 13,2 – 0,3 0,3 0,1 – 

ВМ3 16,
9 5,6 6,3 – 0,2 0,3 0,04 – 

DМ3 1,3 1,5 5,6 18,2 0,2 0,2 0,1 0,22 

60 
km/h 

ВМ1 17,
8 3,7 6,0 – 0,06 0,05 0,01 – 

ВМ3 6,5 2,9 0,7 – 0,08 0,16 0,01 – 
DМ3 1,3 0,7 1,3 6,2 0,09 0,03 0,01 0,02 

To account for the modes of movement, it is proposed to calculate the mass emission of 
pollutants according to formulas (8) and (9): 

,rprpr limrklimLrim ⋅⋅=⋅=     (8) 

.zpzzpzz
limklim

iLm ⋅⋅=⋅=     (9) 

It is proposed to calculate the length of the highway section on which the vehicle 
accelerates and brakes using the formulas: 

,
2r

2

а
V

l
⋅

=       (10) 

,
2z

2

j
V

l
⋅

=       (11) 
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where j - slowing down traffic, m/s2. 
To perform the calculations, the numerical value of acceleration and deceleration is 

proposed to be taken on the basis of service modes, and not emergency (a = 1.5 m/s2, j = 
2.5 m/s2) [12]. 

An additional emission of pollutants associated with a stop is present primarily on 
elements of city highways with traffic lights (for example, an adjustable pedestrian 
crossing). In this case, the stopping time and interruption frequency depend not only on the 
structure of the traffic light control cycle, but also on the operation mode of the traffic light 
object [13,14,15]. 

The additional emission of i-th pollutant (g) by one vehicle during a stop time, taking 
into account formula (1), can be calculated by the formula: 

,xxtg ⋅⋅= QiCid        (12) 

The conditional exhaust gas flow according to [2] is determined by: 

,
30g τ⋅

⋅⋅
=

nhVi
Q       (13) 

where i - number of cylinders; Vh - cylinder displacement, l; n - crankshaft rotation speed, 
rpm.; τ - engine cycle (2 or 4). 

The concentration of i-th pollutant Сi in the exhaust gases depends on the type of fuel 
and is currently standardized for vehicles on carbon monoxide for gasoline and soot for 
diesel. 

In accordance with the methods of [6,7] the additional emission is calculated by the 
formula: 

,xxtхх ⋅= imid       (14) 

mxxi- specific emission of the i-th pollutant when the engine is idling, g/min. 
For an objective assessment of the quality of RDTE on a section of the city highway 

according to environmental indicators, it is proposed to carry out calculations according to 
the recommendations of HCM [16], namely, excluding the service level F (level of service 
(LOS) F), at which the flows are unstable or traffic delays are long [17,18,19,20]. 

4 Research 
To compare the results of calculations of emissions of pollutants from one car driving in 
compliance with the rules of the road according to the proposed methodology and GOST, a 
section of a city highway 1 km long was simulated, in which there are nine sections shown 
in Figure 1. The characteristic of movement in sections: 1 - acceleration mode from a stop 
line to a set constant speed of 60 km/h; 2 - movement at a constant speed of 60 km/h; 3 - 
deceleration to a stop; 4 - acceleration to a speed of 20 km/h; 5 - movement at a constant 
speed of 20 km/h; 6 - deceleration to a stop, s stopping time 15 s; 7 - acceleration to a speed 
of 60 km/h; 8 - movement at a constant speed of 60 km/h; 9 - deceleration to a stop at the 
stop line. 

 The average speed of the car in this section was 8.22 m/s (about 30 km/h). 
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Fig. 1. Design scheme of highway section (segment) 

Table 2. Original data and results of calculations of emissions of carbon monoxide (CO) one car on 
the section of the line (segment) a length of 1 km 

Option Numbered values 
Т, s 11 15 7 4 36 2 15 11 14 7 

tхх, min. 0 0 0 0 0 0 0,2
5 0 0 0 

mххCO, 
g/min. 0 0  0 0 0 0,5 0 0 0 

a, m/s2 1,5 0 0 1,5 0 0 0 1,5 0 0 
j, m/s2 0 0 2,5 0 0 2,5 0 0 0 2,5 
V, m/s 0 16,7 0 0 5,6 0 0 0 16,7 0 

kz 0 0 0,06 0 0 0,3 0 0 0 0,06 
kr 17,8 0 0 13,1 0 0 0 17,8 0 0 

lz, m 0 0 55,58 0 0 6,18 0 0 0 55,58 
l r , m 92,63 0 0 10,30 0 0 0 92,63 0 0 
l, m 0 250 0 0 200 0 0 0 237 0 

MpzCO, 
g/km 0 0 0,063 0 0 1,26 0 0 0 0,063 

MprCO, 
g/km 18,69 0 0 55,02 0 0 0 18,69 0 0 

MpCO, 
g/km 0 1,05 0 0 4,2 0 0 0 1,05 0 

highway 
section 

mLpсо_
1 

mLсо 

(60)_
2 

mLзсо_
3 

mLpсо_
4 

mLсо 

(20)_
5 

mLзсо_
6 

dсо
_ 

mLpсо_
7 

mLсо 

(60)_
8 

mLзсо_
9 

pollutant 
emission
s CO, g 

1,73 0,26 0,004 0,567 0,84 0,008 0,1
2 1,73 0,25 0,004 
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Fig. 2. Total mass emission of pollutants by one car when driving on a simulated section of the 1 

km long highway 

5 Conclusion 
The total mass emission of pollutants on a simulated section of the highway by one 
passenger car for carbon monoxide (CO) and nitrogen oxides (NOx), calculated according 
to the GOST [6] method and the proposed method is presented in Figure 2. The same figure 
shows the emission values of the same HV when one car is moving on the reference area 
(movement at a constant speed of 60 km/h). The difference in the results of carbon 
monoxide emissions according to the proposed GOST methodology was 57% and the 
nitrogen oxide emissions of 94%. 
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