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Abstract—Traffic is the predominant source of pollution in urban cities like Delhi. Continuous monitoring of
the air quality in roads will be very costly and impracticable. To carry out model calculations is a useful
alternative to measuring. The most crucial parameter of models is the source strength, which can be estimated
in many ways. In the present study, four different methods of source estimation of vehicular traffic, have been
proposed. These methods have been evaluated by means of an air quality model, i.e. IIT Line Source (IITLS)
model. The ground level concentrations of NO2 have been obtained from IITLS model in which emission
rates have been calculated by using these methods. The IITLS model's predictions have been compared with
observed concentrations of NO2 at two vulnerable places in Delhi. The performance of these methods have
been tested through five statistical performance measures. It has been observed from above study, that
IITLS's predictions of air pollutants with first three methods of emission estimation are in agreement with
observed levels and also well correlated. Thus first three methods are considered to be appropriate for emis-
sion estimations of NO2 due to vehicular traffic. On the basis of availability of traffic data, method 3 has been
found most suitable for Indian urban cities. The same methods may be used for other gaseous pollutants CO,
HC, SO2 and particulates Lead (Pb) and SPM.
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1. INTRODUCTION

The main sources, contributing to the deterioration of air quality in urban cities, are motor vehicle
traffic, domestic fuel burning as well as industrial sources and stacks of power plants. Exhaust
gases from automobiles contribute air pollution significantly. Delhi is one of the most polluted
cities of world. Over 3000 metric tonnes of air pollutants are emitted in Delhi everyday. Vehicular
pollution is responsible for almost 67% of the total air pollution load in the city. Vehicular
population in Delhi has increased phenomenally from 235,000 in 1975 to 2,629,000 in 1996. It is
estimated to touch a staggering high of 6,000,000 in 2011, (MEF, 1997).

Exhaust emissions are directly related to the fuel consumption by vehicles, which in turn, are
related to the number of vehicles. The fuel consumption by transportation sector in Delhi city was
estimated to be about 250,000 tonnes of petrol and about 50,000 tonnes of high speed diesel in the
year 1989 (CPCB, 1994).

The major air pollutants, emitting from vehicular traffic, are oxides of Nitrogen (NOX), Carbon
monoxide (CO), Hydrocarbons (HCs), Lead (Pb) and Sulphur dioxide (SO2). In order to restrict
the present study to manageable limit, the air pollutants NO2 have been considered as major pol-
lutants of vehicular traffic. The emission rate of a pollutant plays an important role in predictions
of concentrations through air quality models. Since, the primary exhaust emission data are always
not available, the secondary data, based on traffic volume on different roads, speed of individual
vehicles, emission factor of different types of vehicles, are used to estimate the vehicular emissions.

The main aim, of the present study, is to determine the most appropriate method to estimate the
emission rate of air pollutants from vehicular traffic. Accurate emission rate in air quality models
leads to the accurate concentration of pollutants, though the model concentration also depends on
meteorological and topographical features.
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2. METHODOLOGY

In some situations, such as heavy traffic along a stretch of straight road or highways, the pol-
lution problem may be modeled as a continuous emitting infinite line source. For this purpose, the
IIT Line Source (IITLS) model (Goyal et al., 1995) has been adopted in the present study. The
four different methods of estimation of emissions have been proposed and incorporated in IITLS
model. The performance of these methods have been evaluated by comparing the concentration of
air pollutants obtained from IITLS model and observed values at two places, i.e. I.T.O and
Cannought Place (C.P.) in Delhi. A statistical error analysis has been made to find the best
appropriate methods to estimate the emission rate of air pollutants.

2.1. IITLS Model's Characteristics
IITLS model is a simple Gaussian type line source model (Wark and Warner, 1981). The model

formulation is given by:

where:

q is the pollutants emission rate per unit length of the road (gm^1 s^1),
u is the mean wind ( m r 1 ) ,
h is the height of the source (m),
<xz is the vertical dispersion parameter (m) and
C is the concentration of air pollutants at downwind distance x when wind is normal to
the line source.

The IITLS model developed by Goyal et al. (1995) has further modified for dispersion param-
eter (<xz) and source strength (q) as follows.

3. DISPERSION PARAMETER (<rz)

A combination of two dispersion parameters are found to be more suitable for dispersion of
pollutants from vehicular traffic.

The dispersion parameter may be written as

al = al+°tb (2)

where <xzo is the initial dispersion parameter due to vehicular movement, which has been chosen
upto a downwind distance of 500 m and az\, is the dispersion parameter, applicable beyond 500 m
downwind from the source. The value of <xzo has been assumed as 20% of height of mixing in the
initial dispersion of pollutants. This assumption has been made by following the other studies of
(Okamoto and Shiozawa, 1978; Kono and Ito, 1990). The value of oz\, has been determined from
Briggs's (1973) urban formulae.

4. METHODS OF ESTIMATION OF EMISSION RATE (q)

Different people have used the different methods of emission estimation of vehicular sources. In
the present work, the four different methods, available in literature, have been adopted to estimate
the emissions of vehicular sources. These methods require the information of emission factors of
different pollutants, hourly traffic volume of different vehicles on different types of roads, vehicles
speed and length of different roads.

A gridded source inventory has been developed over an area of 20x24 km2 of Delhi city as
shown in Fig. 1. The area has been divided into square grids of size 4 x4km2.

The four different methods of estimation of emission rates of air pollutants due to vehicular
traffic are as follows.
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Fig. 1. A gridded source inventory of Delhi city.

4.1. Method 1
This method, is one of the most common method to determine emission rates for line source

model. The emission rate of air pollutants on a reasonably straight highway from a continuous
line source per unit length, i.e. 'q' (gm^1 s^1) can be determined as the product of the emission
factor and traffic density.

TVy = NjVi

where V, is the speed of the i type vehicle (kmh^1), TVQ is the traffic density of i type vehicle ony
type road (vehicles h^1) and Nj is the number of vehicles travelling per unit length of j type of road
(vehicles km^1).

lij = TViJei

where qtj is the source strength per unit length (gm^1 s^1) and e, is the emission factor (as given in
Table 1) of vehicle type i (g km^1 vehicle^1).

4.2. Method 2
This method has been studied by Okamoto et al. (1990) which is accepted by the Industrial

Pollution Control Association of Japan (IPCAJ). The emission rate of the exhaust emission is



so2

0.02
0.08
0.39
1.50
0.19

SPM

0.20
0.33
2.00
3.00
0.55

NOX

0.07
3.20
0.99

21.00
2.89
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Table 1. Emission factors in grams of pollutant per vehicle km

Type of vehicle Emission factors (g per vehicle km)

Motor cycles (LTV)
Petrol-driven cars (MTV)
Diesel-driven cars (MTV)
Heavy duty vehicles (HTV)
Average values*

*Composition LTV, 65%; MTV, 25%; HTV, 10%.

considered as a function of various factors, viz. type of vehicles (size, fuel, manufacturing years,
etc.), traffic load and driving mode. The driving mode consists of the travelling time, acceleration/
deceleration rate, mean driving speed and the distance based mean driving speed. The driving
mode is given by V r

et= 1.84— + 0.128 0.137x + 0.27 (3)
Vt Vd

where et is the emission factor for the test vehicle (g km^1 vehicle^1), Vd is the distance based mean
driving speed (km h^1), Vt is the mean driving speed of vehicle (km h^1), r is the integrated
acceleration / deceleration rate (km h^1 km^1), x is the travelling time (s km^1).

The driving speed has been tentatively described at Vt = 30(LTV), 35(MTV), 45(HTV)km h"1;
Vd = 30km h"1; x = 30s km"1; r = 10km h^km" 1 , where LTV, MTV and HTV are Light Ton-
nage Vehicles, Medium Tonnage Vehicles and Heavy Tonnage Vehicles respectively.

where e, is the emission factor of i type vehicle (g km^1 vehicle^1) and N, is the vehicles traveled
per hour (vehicles h^1). The emission factor can be obtained from

where Sy is the percentage of vehicle of type i and regulation year j, and etj is the emission factor
of vehicle type i and regulation year j.

In this method each value of etj has been calculated by multiplying the ratio of the emission
factor by that of the test vehicle at the experimental driving mode.

4.3. Method 3
This method has been used by Singh et al. (1990). Three types of roads namely arterial, feeder

and residential, based on traffic load have been considered in each square grid on map of urban
Delhi as shown in Fig. 1.

Let R'a, R\ and R'r be the lengths of the arterial, feeder and residential roads types in the z'th city
grid and V^, Vj- and Fj. be the volume of traffic on these roads per day. The total Vehicle Kilometer
Travel (VKT) in the z'th city grid is given by:

rT = KaVa + KfVf + KrVr (5)

The VKT is the averaged value of different types of vehicles (LTV, MTV and HTV) traveled per km.
If the total emission of NO2 is Et (g day^1), the NO2 source strength day^1 in grid i is given by

E T/Z

. . „ „ . . y T is the total traffic volume over the city.
The road length within each grid has been obtained from Fig. 1 and relative volume of traffic

flow per day has been adopted according to Hammerle (1976), and Srinivasan et al. (1973). The
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amount of NO2 emitted in each grid square is then distributed throughout the day according to the
normalized hourly traffic pattern, monitored by Delhi Pollution Control Committee (DPCC) in
1993 at busy cross-sections in Delhi. If e(t) is the city wide emission at time t, the city wide pollu-
tant emission for the whole day is given by

Et = | e(t)dt (7)

day

But e(t) is proportional to traffic volume V(t) at time t. Thus knowing the diurnal traffic pattern,
the diurnal pattern of emission can be obtained using eqn (7), giving the source strength g, in the
rth grid as a function of time in units of g var2.

4.4. Method 4
This method to estimate NO2 emission rate from a roadway was developed by Saito (1977),

Sasaki (1978) and Adachi and Kawashima (1979). This method uses the information regarding
traffic volume, mean driving speed, vehicle type and percentage of the vehicles for respective
manufacturing year.

Emission rate of NO2 account for such factors as traffic volume, mean driving speed, vehicle
type and ratio of vehicles for respective manufacturing year. In this method vehicles are divided
into three types, HTV, MTV and LTV.

The emission rate 'q' in (g km^1 s^1) can be estimated by

where
ei = X! SiJei(i--J)

where e, is the emission factor of a vehicle of type i (g km^1 vehicle^1) and N, is the traffic
volume of vehicle type i (vehicles h^1), Stj is the percentage of vehicles of type i and vehicle agey
which comes from the manufacturing year, and e; ^^ is the NO2 emission factor of vehicle type i
and manufacturing year, p —j (g km^1 vehicle^1). Vehicles for a manufacturing year upto n years
ago, from the base year p, are taken into consideration. In the present study, 1994 has been con-
sidered as base year because of unavailability of data of latest years.

5. RESULTS AND DISCUSSIONS

The emission rate of the air pollutants NO2, emitted from vehicular traffic, have been estimated
by four different methods at two busy traffic intersections namely I.T.O and C.P in Delhi. The
inter comparison of hourly emission rates obtained from these methods and normalized hourly
traffic pattern (NHTP), complied from hourly traffic volume, monitored at I.T.O and C.P during
daytime i.e. 6 a.m. to 9 p.m., have been shown graphically in Figs 2 and 3 respectively. It is
noticeable in these figures that diurnal variation of emission rate obtained from four different
methods and NHTP have followed the same pattern. The magnitude of emission rate calculated
from methods 1, 2 and 3 are close to each other, whereas magnitude of emission rates of method 4
have higher values. The reason may be the lacking of actual data of percentage of different vehicles
in respective regulation years. The emission rate obtained by methods 1, 2, 3 and 4 are ranging
between 30 and 195, 20 and 135, 25 and 160 and 40 and 295 kg m^1 s^1 respectively.

Since the observed emission rates of NO2 are not directly available, it may be difficult to discuss
the comparative merits among these methods of estimation of emission rates. Therefore the eva-
luation of four different methods has been made by means of an air quality model. A dispersion
model IIT Line Source model (IITLS) has been used to calculate the concentrations of NO2 at
I.T.O and C.P in Delhi. The traffic data required for estimation of emission rates, meteorological
and air quality data of January 1993, have been used in the present study. The month January,
which has worst meteorological scenario, has been chosen in the present study. The locations
I.T.O and C.P have been considered because of availability of observed data.
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The NO2 emission rates, estimated by four different methods, have been used as source strength
V in IITLS model under same traffic and meteorological conditions. The four different sets of
predicted concentration of NO2 over a period of 8 h (11 a.m to 6 p.m) have been compared with
measured concentrations at I.T.O and C.P as shown in Fig. 4 and Fig. 5. In these figures, one can
see that variation of predicted concentration due to methods 1, 2, and 3, and measured con-
centrations are closer compared to concentration due to method 4.
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Fig. 2. Comparison of NO2 emissions by four different methods with hourly traffic pattern (NHTP) at I.T.O.
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Fig. 3. Comparison of NO2 emissions by four different methods with hourly traffic pattern (NHTP) at C.P.
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In order to discuss the comparative merits among these methods, a statistical error analysis,
based on five performance parameters have been made. A comparative study of statistical errors
has been given in Table 2 which shows that methods 3, 1 and 2 may be used for emission estima-
tion in the same order of priority. Methods 1 and 2 are using emission factors and other traffic
concerned data, whereas method 3 is based on traffic volume plying on different types of roads and
petrol and diesel combustion, which are always available in urban cities of India. Method 1 is the
most simple and widely accepted method in other countries for line source models. It is a function
of emission factors of different vehicles and traffic volume, which are easily available. In India,
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Fig. 4. Comparison of monitored and predicted values of NO2 by four different methods of emission estimation at I.T.O in
Delhi during January 1993.
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Fig. 5. Comparison of monitored and predicted values of NO2 by four different methods of emission estimation at C.P. in
Delhi during January 1993.
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Table 2. Comparison of the statistical errors given by methods 1, 2, 3 and 4 with observed data at I.T.O and C.P.

Error

RMSE
FB
IOA
NMSE
SB

Method 1

1.55
0.23
0.44
4.56
1.25

Method 2

1.60
0.11
0.58
2.85
0.89

Method 3

1.52
0.04
0.54
3.13
1.04

Method 4

1.92
0.58
0.29

10.24
1.83

Ideal value

1.00
0.00
1.00

least value
1.00

Indian emission factors have not yet set. The World Health Organization emission factors are still
in use. It is noticeable that method 2 is a function of emission factor and traffic information, which
is rarely available. In view of above discussion, method 3 can be recommended as one of the most
appropriate methods for Indian urban cities.

The comparison of monitored and predicted concentration of NO2 due to different emission
estimation methods, indicate that every method except method 4 has the values close to actual
values. The methods, which are based on traffic survey data, easily available, are considered to be
most useful for the predictions of NO2 concentrations in environmental assessment due to vehi-
cular traffic. Because they can be applied to the model predictions based on future traffic condi-
tions, which may be helpful in planning the traffic on different roads to control their emissions. In
the present study, methods 3 and 1 are found to be most useful for environmental impact assess-
ment of automobile exhaust.

6. CONCLUSIONS

The four different methods of emission estimation of vehicular traffic in Delhi has been dis-
cussed. A comparative study of these methods by means of dispersion model (IITLS) has been
made at two places, namely I.T.O and C.P. These places are most busy traffic intersections in
Delhi. The NO2 predictions due to different methods of emission estimation namely methods 1, 2
and 3, employed here are highly consistent with actual values. Therefore these methods may be
recommended for emission estimation of automobiles. However, no great difference was found
among these first three methods. As each method was derived by the limited basic data, it is
important to notice the limitation of each method. In view of data requirement of these three
methods, method 3 may have the more practical application in urban cities of India.
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