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Abstract— Cities and town plays a vital role in promoting 

economic growth and prosperity in country. With growing 

population, vehicular air pollution is detected as an eminent 

problem in Rajkot city due to high growth of motorized 

vehicles. The increase in travel demand has resulted in rapid 

growth of number of motor vehicles, buses and other mode of 

transportation in the arterial and sub arterial road of Rajkot 

city. Environmental analysis of transportation system is an 

inclusive and demanding task. Traffic induced emissions 

pose a serious threat to air quality in many metropolitan cities. 

Vehicle emissions from mobile source rather than stationary 

source are major contributors to air pollution and decadence 

of air quality in city. The ambient air pollution attribute to 

road traffic depends on different factors such as quality of 

fuel used, engine technology, driving conditions, emission 

control device, and road condition. The road traffic emissions 

add a significant proportion of urban air pollutants. Along 

with increase in motorized vehicles in city amount of CO, 

CO2, SOX, NOX, and particular matter is also drastically 

increasing which cause unhealthy air to breathe in urban 

areas. The results of the study are discussed and contribution 

of each of the measures is evaluated. The results are carried 

out to quantify the emissions of interest for analyzation and 

traffic air pollution prediction model is developed according 

to that. 
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I. INTRODUCTION 

Air is a part of earth’s atmosphere, and one of its most 

important natural resources. Air is considered as eminent 

need for all human beings, animals and plants to sustain the 

life. Many years ago the horse drawn carriages was hailed as 

a clean technology for urban transportation. Eventually it was 

replaced by transportation means, namely motor vehicles. 

Since then, the growth in the number and use of motor 

vehicles has been considered the most conspicuous feature of 

the modern industrial economy, as well as one of the most 

influential forces on the natural and built environment. 

Transportation plays an important role in contribution to 

urban air pollution. As household cooking is switched to 

modern fuels (electricity, natural gas), lower quality 

industrial fuels like lignite, low grade coals and dirty heavy 

diesel are being replaced by cleaner coals or oils and natural 

gas, and industries are being moved out of cities, so the role 

of transportation in air pollution grows dramatically. One 

main difference is that stationary sources of air pollution are 

easy to spot and regulate, and they often cause annoyance to 

the polluter themselves, while mobile sources like vehicles 

are harder to spot and regulate, and are rarely a cause for 

direct annoyance to the polluters. Most of the Indian cities are 

also experiencing rapid urbanization and the majority of the 

country’s population is found living in cities. The rapid 

urbanization in India has also resulted in a tremendous 

increase in the number of motor vehicles. The vehicle fleets 

have even drastically increased in some cities in last one 

decade. The increased mobility, continuous growth in number 

of vehicles, and increase in the consequent congestion, 

vehicles are now becoming the main source of air pollution 

in urban India. The bad effects of vehicular exhausted gases 

are reflected in the form of various environmental problems. 

Main amongst all is the deterioration of urban air quality in 

India. 

II. OBJECTIVES OF STUDY 

 To analyze air pollutants at different intersection of 

Rajkot city. 

 To develop traffic air pollution prediction model. 

III. LITERATURE REVIEW 

A. Singh D., Shukla S. and Sharma M. (2014), “GIS based 

on Road Vehicular Emission Inventory” 

For traffic count and traffic composition of various land use 

at nine road intersection was done by video recording method 

from 9:00 am to 9:00 pm. For assessing engine type, vehicle 

age etc. By using ArcGIS tool, ArcMAP city boundary, road 

network, landmark and road length were located and divided 

city map into no. of cells. Daily vehicular km travelled for all 

categories of vehicles in each cell calculated on the basis of 

parking lot survey and road length in each cell. The emission 

from each cell extracted and map to the ArcGIS database and 

spatially resolved map for various pollutants were generated. 

As from the result 2 wheelers and 4 wheelers was the 

dominant the total traffic with an 83% share, and main source 

of NOx (46%) and SOx (77%). This inventory information 

can be used for short term and long term planning to minimize 

the emission from vehicle. 

B. Shrivastava R., Saxena N. and Gautam G. (2013) “Air 

Pollution due to Road Transportation in India: A Review on 

Assessment and Strategy” 

To determination of various air pollutants considering vehicle 

population growth in India from year to year and established 

direct relationship between numbers of vehicles and air 

pollution due to vehicles. Due to growing traffic and limited 

space of road have reduced peak hour speeds to 5-10 km/h in 

the central area of major cities. Modelling air pollution due to 

transportation was classified in this study in to two categories 

like macroscopic and microscopic. In macroscopic model 

travel speed variation with individual and categories of motor 

vehicle was not taking into account, and total traffic volume 

represented as compressible fluid, and in microscopic model 

represented as alternative way to the macroscopic model 

taken into account individual behaviour parameter like 
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vehicle speed, acceleration and categories of vehicles. , the 

emission due to traffic flow was evaluated by aggregating of 

specific vehicles emission at the individual level. These 

measures alone was not sufficient to desire reduction of air 

pollution, so required elements of any effective strategy for 

limiting vehicular emission like the behavioural change in 

transportation demand, use of alternative fuels and effective 

public transport system could ensure a substantial 

improvement in environmental condition was suggested.   

C. Gidde M. and Sonawane P. (2012)), “Assessment of 

Traffic Related Air pollution and Ambient Air Quality of 

Metropolitan City” 

To establish relation between the air quality and vehicular 

traffic in pune city during from January 2008 to December 

2011 based on vehicle count and air quality was analyzed by 

statistical and analytical method. In this study site selection 

based on traffic density and congestion and pollution status, 

two junctions were selected and comparison of this two 

junction based on air quality was investigated. Total present 

no. of vehicles obtained from total registered vehicle and 

based on this data obtained percentage of vehicles, not 

specific method was used for calculating of no. of vehicles on 

specific location. Based on this traffic data air quality was 

taken and analyzed. Statistical method was used for analyzing 

data and degree of correlation found out. It was observed 

from this study air quality concentration at one junction was 

more compared to other junction due to traffic congestion and 

more traffic signal, and also observed that at both junctions 

increased of NOx and SO2, but NOx concentration was 

beyond standard level and SO2 concentration within standard 

level due to more used of petrol vehicle (92%) than other fuel 

vehicles (8%). Improper combustion of diesel buses leads to 

release PM10 concentration of 53% emission compared to 

any other sources. Suitable remedial measures were 

suggested in this study. 

IV. DATA COLLECTION 

The level and speed of development of cities in India 

approach to the increased in vehicular growth which is lead 

to problem of the severity of air pollution in urban area. Cities 

reflect the today’s scenario of the vehicular air pollution and 

its level. As a wealth of the city and its citizens transport 

demand, emission, air quality, health and environmental 

deterioration. Study area is an eminent part of the project as 

it provides effectiveness to research area. Methodology for 

study depends on different parameters like Vehicle speed, 

vehicle types, types of fuel, road width, traffic composition, 

etc. This all data is collected by considering two way of 

survey includes counting number of different vehicles at 

particular spot/location by using Classified Volume Count 

and determining air pollutants using Ambient Air Monitoring 

Instrument. 

V. DATA ANALYSIS 

A. CVC Survey 

For the collection of traffic data classified volume count is 

carried out for the particular time period at different approach 

configuration containing traffic flow of varied composition. 

Traffic volume count is aggregated for five minute interval 

and speed measurement are carried out by spot speed survey. 

Vehicles are classified as two wheelers, three wheelers, LCV, 

HCV, car and buses. 

 
Fig. 1: Peak hr. Total No. of vehicles (morning 9:00AM to 

12:00PM) 

 
Fig. 2: Peak hr. Total No. of vehicles (evening 4:00PM to 

7:00PM) 

Delay survey is carried out manually at intersection 

and based on the Average Delay it gives the relationship 

between Average Control Delay of all four leg and volume of 

particular leg as under, 

B. Air Pollutant Survey 

Total Air pollutant Concentration in peak hour Sheet 

Location - KKV Circle 

Sr. No. Parameters Time National Ambient Air Quality Standard (PPM) Reading (hourly)(PPM) 

Morning 

1 
CO 

9:00 to 10:00 
4 5.04 

CO2 45 42 

2 
CO 

10:00 to 11:00 
4 11.21 

CO2 45 96 

3 
CO 

11:00 to 12:00 
4 9.85 

CO2 45 83 

Evening 

1 CO 4:00 to 5:00 4 6.66 
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CO2 45 45 

2 
CO 

5:00 to 6:00 
4 9.31 

CO2 45 97 

3 
CO 

6:00 to 7:00 
4 16.72 

CO2 45 123 

Table 1: Total air pollutant concentration at KKV

This all data is collected by considering two way of 

survey includes counting number of different vehicles at 

particular spot/location by using Classified Volume Count 

and determining air pollutants using Ambient Air Monitoring 

Instrument. Following are the 5 major road intersections (as 

per visual observation) where vehicular volume is maximum 

which results into high air pollution rate. 

1) Hospital Chowk 

2) Gondal Chowkdi 

3) K.K.V. Circle 

4) Mavdi Chowkdi 

5) Raiya Circle 

Total Air pollutant Concentration in peak hour Sheet 

Location - Raiya Circle 

Sr. No. Parameters Time National Ambient Air Quality Standard (PPM) Reading (hourly)(PPM) 

Morning 

1 
CO 

9:00 to 10:00 
4 3.38 

CO2 45 38 

2 
CO 

10:00 to 11:00 
4 6.86 

CO2 45 58 

3 
CO 

11:00 to 12:00 
4 4.02 

CO2 45 49 

Evening 

1 
CO 

4:00 to 5:00 
4 3.32 

CO2 45 35 

2 
CO 

5:00 to 6:00 
4 3.39 

CO2 45 43 

3 
CO 

6:00 to 7:00 
4 7.08 

CO2 45 60 

Table 2: Total air pollutant concentration at Raiya

Total Air pollutant Concentration in peak hour Sheet 

Location - Mavdi Circle 

Sr. No. Parameters Time National Ambient Air Quality Standard (PPM) Reading (hourly)(PPM) 

Morning 

1 
CO 

9:00 to 10:00 
4 7.44 

CO2 45 53 

2 
CO 

10:00 to 11:00 
4 9.69 

CO2 45 78 

3 
CO 

11:00 to 12:00 
4 9.64 

CO2 45 88 

Evening 

1 
CO 

4:00 to 5:00 
4 7.4 

CO2 45 52 

2 
CO 

5:00 to 6:00 
4 11.04 

CO2 45 93 

3 
CO 

6:00 to 7:00 
4 14.27 

CO2 45 107 

Table 3: Total air pollutant concentration at Mavdi

Ambient Air Monitoring is used to measure different 

pollutants such as CO and CO2 which is the major factor from 

vehicles. For measurement of these pollutants one of the 

following samplers are used. 

 
Fig. 3: Ambient Air Monitoring 
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Total Air pollutant Concentration in peak hour Sheet 

Location - Gondal Circle 

Sr. No. Parameters Time National Ambient Air Quality Standard (PPM) Reading (hourly)(PPM) 

Morning 

1 
CO 

9:00 to 10:00 
4 12.11 

CO2 45 96 

2 
CO 

10:00 to 11:00 
4 21.34 

CO2 45 132 

3 
CO 

11:00 to 12:00 
4 11.24 

CO2 45 84 

Evening 

1 
CO 

4:00 to 5:00 
4 10.26 

CO2 45 89 

2 
CO 

5:00 to 6:00 
4 17.34 

CO2 45 117 

3 
CO 

6:00 to 7:00 
4 28.89 

CO2 45 162 

Table 4: Total air pollutant concentration at Gondal 

Total Air pollutant Concentration in peak hour Sheet 

Location - Hospital Circle 

Sr. No. Parameters Time National Ambient Air Quality Standard (PPM) Reading (hourly)(PPM) 

Morning 

1 
CO 

9:00 to 10:00 
4 6.32 

CO2 45 62 

2 
CO 

10:00 to 11:00 
4 7.42 

CO2 45 68 

3 
CO 

11:00 to 12:00 
4 6.65 

CO2 45 75 

Evening 

1 
CO 

4:00 to 5:00 
4 8.2 

CO2 45 84 

2 
CO 

5:00 to 6:00 
4 9.88 

CO2 45 88 

3 
CO 

6:00 to 7:00 
4 14.22 

CO2 45 97 

Table 5: Total air pollutant concentration at Hospital 

VI. DEVELOPMENT OF MODEL 

The LINEST function calculates the statistics for a line by 

using the "least squares" method to calculate a straight line 

that best fits your data, Air pollutant prediction model 

because of analysis of volume of vehicles at intersection is 

developed by using the LINEST function in EXCEL. The 

LINEST function is calculate the statistics for a line by using 

“least square” method to calculate a straight line that best fit 

for data, and then returns in array that briefing the line. The 

combining LINEST with other function to calculate statistics 

for other type of model which are linear in other parameters, 

including logarithmic, polynomial, exponential, and power 

series, because these function return in an array of values. 

A. Model – 1 for CO (Linear) 

This model is developed for the intersections only. At the 

intersection model is developed on the basis of the data 

collected of total no. of vehicular composition of peak hour 

and vehicular air pollutant data of peak hour at five 

intersections., 

CO = 0.016 X1 + 0.018 X2 + 0.033 X3 + 0.141 X4 + 0.011 

X5 + 0.095 X6 – 82.807 

 R2 Value: 0.74 (Accepted)  

 Because range is lies between 0.5 to 0.90 

Where, 

Y = Delay per Vehicle  

X1 = 2W Composition in numbers  

X2 = 4W Composition in numbers 

X3 = 3W Composition in numbers 

X4 = LCV Composition in numbers 

X5 = HCV Composition in numbers 

X6 = BUS Composition in numbers 

1) Statistical Test for Model Validation 

a) Chi2 Test 

 Critical Value: 1.145 

 Observed Model Value: 202.037 (higher then critical)  

 Accepted 

b) F  Test 

 Critical Value: 1.860 

 Observed Model Value: 1.374 (lower then critical) 

 Not Accepted 

c) T  Test 

 Critical Value: 0.324 

 Observed Model Value: 1.185 (higher then critical)  

 Accepted 
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B. Model – 2 for CO2 (Linear) 

This model is developed for the intersections only. At the 

intersection model is developed on the basis of the data 

collected of total no. of vehicular composition of peak hour 

and vehicular air pollutant data of peak hour at five 

intersections., 

CO2 = 0.012 X1 + 0.055 X2 - 0.034 X3 + 0.111 X4 + 0.12 

X5 + 0.134 X6 + 69.183 

 R2 Value: 0.59 (Accepted) 

 Because range is lies between 0.5 to 0.90 

Where, 

Y = Delay per Vehicle  

X1 = 2W Composition in numbers  

X2 = 4W Composition in numbers 

X3 = 3W Composition in numbers 

X4 = LCV Composition in numbers 

X5 = HCV Composition in numbers 

X6 = BUS Composition in numbers 

1) Statistical Test for Model Validation 

a) Chi2 Test 

 Critical Value: 1.145 

 Observed Model Value: 241.572 (higher then critical) 

 Accepted 

b) T  Test 

 Critical Value: 0.48 

 Observed Model Value: 0.067 (lower then critical) 

 Not Accepted 

c) F  Test 

 Critical Value: 1.860 

 Observed Model Value: 1.922 (higher then critical)  

 Accepted 

C. Assumption for Model 

 Vehicle composition is considered in numbers 

 This model is applicable only if having five intersections 

in between study stretch. 

 Air pollutant value must be in ppm. 

 All five intersections are traffic controlled intersections. 

D. Summary of Model Validation 

Developed model is suited for current location & give the 

acceptable model output & difference between observed 

pollution data & model output pollutant data is quite lower 

and acceptable.  

VII. CONCLUSION  

Following are the important conclusion that is the drawn from 

this study.  

 The models are developed by using excel software; all 

models are validated by using statistical test. 

 Development of regression model based on vehicular 

composition is capable to calculate the air pollutant 

concentration along the intersection for better 

understanding the various effects of air pollution. 

 Model developed for intersection based on air pollutant 

liner regression with six independent variables. 

 In model of CO2 higher positive value of coefficient for 

car, bus, 2W, LCV and HCV indicate that these all 

parameters will affect the exhaust of CO2 more as 

compared to other parameters. 

 In model of CO higher positive value of coefficient for 

car, bus, 2W, 3W, LCV and HCV indicate that these four 

parameters will affect the exhaust of CO more. 

 The average air pollutant values of CO and CO2 at all 

intersection are found and it is higher than the acceptable 

limits. 

 The selected study area intersections are suffering from 

very high amount of air pollution. So it is necessary to 

take some mitigation measures. 
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