
MODELLING OF VEHICULAR EXHAUST EMISSIONS FOR 
ASSESSING THE AIR QUALITY NEAR URBAN ROADS USING 

ARTIFICIAL NEURAL NETWORK 

by 

S.M. SHIVA NAGENDRA 

Civil Engineering Department 

Submitted 
in fulfillment of the requirements of the degree of Doctor of Philosophy 

to the 

Indian Institute of Technology, Delhi 
December, 2002 



Dedicated 
to 

My Parents 



WORK IS WORSHIP 

Basavanna, 12TH Century 

' -itT/F4TRETRT TIT tb-In cmitm I 

IRT #th-dtd Tit 	ti;11 -cicbl-Pi I I 

karmany eyvddhikaras te 
. ma phalesu kadacana 

ma karma - phala-hetur bhur 
ma te sango 'stv akarmani 

You have a right to perform your prescribed duty, 
but you are not entitled to the fruits of action. 

Never consider yourself the cause of the result of your activities, 
and never be attached to not doing your duty. 

BHAGAVAD-GITA (11-47) 



CERTIFICATE 

This is to certify that the thesis entitled "Modelling of Vehicular Exhaust Emissions 

for Assessing the Air Quality near Urban Roads using Artificial Neural Network" 

being submitted by Mr. Shiva Nagendra, S. M., has been prepared under my 

supervision in conformity with the rules and regulations of the Indian Institute of 

Technology, Delhi. I further certify that the thesis has attained a standard required for the 

award of a degree of Doctor of Philosophy of the institute. This work, or any part 

thereof, has not been submitted elsewhere for the award of any other degree or diploma. 

Associate Professor 
Department of Civil Engineering 
Indian Institute of Technology, Delhi 
New Delhi-110 016 
INDIA 



ACKNOWLEDGEMENTS 

It gives me immense pleasure to thank my revered teacher and research 

supervisor, Professor Mukesh Khare, Department of Civil Engineering, Indian Institute of 

Technology, Delhi for having introduce me to the world of air quality modelling research 

and for his expert guidance. His sympathetic hearing, bestowing innovative ideas, 

constant inspirations, keen interest in my research problem and timely discussion and 

advise to solve various problems encountered during the research work are highly 

appreciable. 

I also wish to thank Dr. Prasanth Gargva, Mr. Karunakaran, Mr. Dharmendra 

Gupta, Ms. Varalakshmi and Mr Thiru Murthy, Central Pollution Control Board, New 

Delhi for their invaluable help in collecting pollutant data. I would also like to extend my 

thanks to Mr. V. Singh and Mr. Singh, Indian Meteorological Department, New Delhi for 

their cooperation in collecting meteorological data. I am also grateful to Mr. N.L. Bhatia, 

Scientist, Central Road Research Institute, New Delhi for his invaluable help in collecting 

traffic data. 

I would like to thank Professor K.K. Chaudhry, Department of Applied 

Mechanics, Professor V.B. Deshpande and Dr. A.K. Mittal, Department of Civil 

Engineering for their invaluable comments and suggestions at various stages of this work. 

I would also like to extend my special appreciation to Dr. B.J. Alappat, Department of 

Civil Engineering for all his advises and help. 

I extend my thanks to Dr. Dharmappa, Department of Civil Engineering, 

University of Wollongong, Australia for his help in collecting useful literatures to my 

ii 



research work. I am also thankful to Dr. Kolehmainen, Department of Environmental 

Sciences, University of Kupio, Finland and Dr. Hoogenboom, University of Georgia, 

USA for fruitful discussion on artificial neural networks. 

I am deeply indebted to Professor V.Seshadri, Department of Applied Mechanics, 

Professor S. S. Murthy, Department of Electrical Engineering, Professor Rema Devi, 

Professor A.K. Jain, Dr. H.S. Gupta, Dr. A.K. Nema, Dr. M.M. Rao, and Mr. Raje Singh, 

Department Civil Engineering, Dr. M.R. Shenoy, Department of Physics, for their help 

and encouragement. 

I would like to express my thanks to the Head and staff members of Civil 

Engineering Department for all their help and cooperation. I am also thankful to the 

members of computer service center of this institute for their invaluable help. 

With token of gratefulness, I acknowledge my indebtedness to Professor 

T. P. Halappa Gowda, Head, Department of Environmental Engineering, S.J. College of 

Engineering, Mysore for his helpful discussion on mathematical models. His advises and 

help are highly appreciated. I would also thankful to Dr. K.S. Lokesh of the same 

Department and T.M. Prakesh, Department of Civil Engineering, P.E.S. College, 

Mandya, for their encouragement. 

Thanks are due to Dr. R.M.Mahalinge Gowda and Dr. Prateek Sharma for their 

invaluable help and fruitful discussion on specific issues of my study. Special thanks to 

my friends and research colleagues for their help, suggestions and encouragement. 

My whole hearted appreciation are to my parents, parents-in-law, brothers and 

brothers-in-law for their understanding, patience and cooperation. Their encouragement 

iii 



and care provided me with the necessary strength to withstand the pressure in difficult 

times during the tenure of my research. 

My heart-felt thanks are due to my wife, Roopa, for her encouragement and 

tolerance, who always stood by me and bore long period of separation to enable me to 

complete this work. 

S. M. S A NAGENDRA 

December, 2002 

iv 



ABSTRACT 

Movement of traffic on the urban roads along with other roughness elements 

surrounding an air quality control region (AQCR)4, add more complexities in vehicular 

exhaust dispersion modelling studies. The conventional modelling approach using 

deterministic Gaussian based models may not able to explain variations in meteorological 

and traffic parameters, and so affecting their prediction efficiency. Stochastic approach of 

vehicular exhaust emission (VEE) modelling may have some advantages in explaining 

non-linearity (randomness) in data i.e. extraction of predictable movements, trends and 

serial correlations present in the observed data. However, the variations in air quality data 

are so complex and non-linear in nature that it requires prior assumptions concerning 

their distribution. Artificial neural networks (ANNs) appear to be useful alternatives to 

deterministic and stochastic techniques to explain these gaps. 

ANN is capable of capturing highly non-linear phenomena than commonly used 

deterministic and stochastic modelling approaches. The study addresses the development 

of 1- and 8-hour average ANN based carbon monoxide (CO) and 24-hour average ANN 

based nitrogen dioxide (NO2) models using back-propagation training algorithm. These 

models have been formulated with ten meteorological and six traffic characteristic 

variables. The performance of 1-, 8- and 24-hour average ANN based VEE models have 

been evaluated on unseen test data. Degree of agreement (d) and other descriptive 

statistics have been used for model performance evaluation at two AQCRs. The forecast 

It may be defined as fixed boundaries / areas where local authorities have been entrusted with the 
responsibility for assessing and reviewing the local air quality in conformity with the national ambient 
air quality standards (NAAQS). 



performance of 1-hour average ANN based CO models with meteorological and traffic 

characteristic variables, as inputs, has been found to be satisfactory, explaining 78 % 

(d=0.78) predictions as error free at AQCR1 and 67 % (d=0.67) at AQCR2. The models 

with regular meteorological inputs only, indicate significant decrease in their 

performance at AQCR1. The forecast performance of 8-hour average ANN based CO 

models (with meteorological and traffic and only meteorological inputs, respectively) and 

24-hour average NO2 models, have also been found to be satisfactory. The ANN based 

VEE models could also identify and explain the complex dispersion phenomena 

generated as a result of 'traffic wake' (Rao et al., 1979, Sedefian et al., 1981) in the near-

field region of the roadways (< 3 m from the line source). The results show poor 

performance of ANN based CO models, when only meteorological data have been used 

as input to the model, without considering any traffic data. 

ANN based persistence factors (ANNPFs) have also been developed to forecast 

maximum 8-hour average CO concentration from predicted worst-case 1-hour average 

CO concentration data. The ANNPFs derived for 2 PM to 10 PM show best performance, 

having 'd' value of 0.71 at AQCR1 and 0.68 at AQCR2 for the critical period data (21st  

to 31st  December, 1999). The results are comparable with U.S. Environmental Protection 

Agency findings (EPA, 1978). 

The comparative evaluation of 1-hour average ANN based CO models with 

univariate stochastic and deterministic model predictions show poor performance of 

deterministic (d =0.43 for AQCR1 and d= 0.41 for AQCR2) and univariate stochastic 

(d =0.49 for AQCR1 and d= 0.43 for AQCR2) models. It indicates their inability to take 

into account the 'lag effect' during inversion conditions (Khare and Sharma, 1999). On 
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the contrary, the ANN based VEE models could successfully take into account the 

complex phenomena of lag effect' during after hours (after 10 PM) when meteorological 

conditions are stable and traffic is 'trickle'. With the result, it could explain 67 % of CO 

prediction as error free at AQCR1 (d= 0.67) and 69 % at AQCR2 (d= 0.69). It 

demonstrates that ANN based VEE models are viable when compared to deterministic 

and statistical modelling approach. 
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