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1. Abstract 

With the progressions in the transportation sector, new modes of conveyance are being 

discovered for the mobility of people. India is one of the fastest developing nations in the world 

and the makeup of the vehicle fleets, air pollution management system, road designs and 

driving behaviours in Indian cities are different in comparison to all other regions of the world, 

hence the results from studies done outside cannot be directly implemented in Indian cities. 

People can choose from a variety of transportation modes for the same distance and route. 

These modes can be broadly classified as public modes, private motorized modes, para-

transportation modes and active modes. The choice of any mode depends on many factors like 

meteorological factors including weather and seasons, socioeconomic factors like household 

income, number and type of vehicles owned, gender, and the nature of the occupation etc., and 

finally trip profile characteristics like the number of trips, trip length, purpose and cost. The 

pollution and poor air quality caused by the pollutants generated by these motor sources have 

a significant detrimental effect on the health of people of all ages in the community. Breathing 

in poor quality air can cause a variety of symptoms from short-term to long-term complications. 

Some of the chemicals that contribute absolutely to bad air quality include NOx, SOx, VOCs 

and particulate matters like PM10 and PM2.5. Each pollutant has its adverse effects but due to 

having a high deposition rate the particulate matter gets easily deposited in the respiratory tract 

with smaller particles getting accumulated in the inner part of the lungs, while other chemicals 

may get out of the body exhaling. For this reason, only particulate matter is considered in this 

study. The multinomial regression method can be used to predict the probability of different 

mode choices based on multiple independent variables (meteorological factors, socioeconomic 

factors, trip characteristics) which can be either categorical or continuous. For this study, a 

questionnaire-based survey was performed to find out the stated preferences for the mode 

choice. People were also inquired about their preferred mode choice at higher pollution levels. 

The findings of this study can be used by numerous organisations at the local and national 

levels to implement policies that can increase the share of public transportation, decrease the 

number of private vehicles on the road, and help reduce air pollution even more significantly. 

This will enable the area to develop more sustainably. 

Keywords: Air pollution, Air quality, NOx, SOx, VOCs, Particulate matters, PM10 and PM2.5. 
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2. Introduction 

Air pollution is the presence of non-natural or harmful substances which alters the proportion 

of various gases in the atmosphere. These pollutants can be in any form like gases (e.g. CO, 

NH3, SO2, NOx, CH4, CFC’s), The diameter of pollutants allows for the division of biological 

molecules or particulate materials [1]. These might contain organic or inorganic materials. In 

India, Central Pollution Control Board (CPCB) gave a value to an industrial areas, residential 

areas, rural and other areas and ecologically sensitive areas which are notified in National 

Ambient Air Quality Standards providing upper limit for 12 air pollutants [2]. All these 

pollutants cause harmful effects on a human being to such an extent that they canlead to death, 

which causes many diseases and allergies [3]. These symptoms may be classified as long-term 

or short-term symptoms. Old people and children are highly susceptible to the harmful effect 

of these pollutants [4]. Epidemiological and toxicological studies have shown that the air 

pollution primarily affects functioning of heart and lungs leading to adverse complications by 

entering through the respiratory tract and accumulating in lung cells. Prolonged exposure to 

these pollutants results in lung cancer and chronic obstructive pulmonary disease (COPD) [5]. 

A decline in cognitive ability is also seen along with neuro-degenerative diseases like dementia. 

While for short term effects problems related to eyes, nose and throat are most common [3]. 

These may compile if exposed for long duration leading to bronchitis, pneumonia, asthma, and 

allergic reactions. A number of air pollutants, including smog, particulate matter, ozone, 

nitrogen dioxide, and sulphur dioxide, may irritate the ears, nose, and/or throat[6]. Many 

immediate consequences of air pollution on human skin may aggravate conditions including 

atopic dermatitis, skin cancer, psoriasis, and acne[7]. Not only living beings, it can cause 

damage to non-living agents like materials of structures or monuments and it also greatly 

affects the environment [6].  

In new developing world various steps are made towards faster as well as greener 

transportability. The world is seeing a shift from motorised to non-motorized mode, but bad air 

quality can be a difficulty in this direction [7]. Developing countries like India and China are 

also now focusing on improving their air quality as most of the cities with maximum air 

pollution lie in these South-East Asian and East Asian regions [8]. People these days can choose 

from a variety of transportation modes for the same distance and route. These modes can be 

broadly classified as public modes, private motorised modes, para-transportation modes and 

active modes [9]. The choice of any model depends on many factors like meteorological factors 

including weather and seasons, and socioeconomic factors like household income [10]. Higher 

income group people generally prefer a more private mode of travel as it is faster, while lower-

income groups are captive to public transit and active transit because of their low cost of 

operations. The number and type of vehicles owned were also affected in the same manner. 

Gender and occupation affect the type of vehicle owned by the person [11]. Finally, and 

importantly, trip profile characteristics like the number of trips, trip length, purpose and cost 

affect the mode choice directly or indirectly [12]. Among these modes of transportation, 

generally public-owned mass transit systems produce less pollution as compared to private 

vehicles in per-capita terms [13]. Pollutants emitted from these vehicular sources combine with 
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fog and dew particles especially at dawn times to form smog and lead to poor air quality.  Even 

the good health impacts of the active mode of transportation can be overshadowed by the 

negative effects of bad air quality being breathed by the commuter on the polluted road segment 

[14]. The emitted particulate matter gets easily deposited in the respiratory tract with smaller 

particles getting deposited in the inner part of the lungs, while other chemicals may get out of 

the body while exhaling. For this reason, only particulate matter is considered in this study. 

PM2.5 is a part of PM10 [15]. Thus, being smaller in size PM2.5 has the highest ill effect on the 

health of people. These values of PM2.5 are measured by various fixed monitoring stations 

located at various areas in the study area. The pollution concentration which is obtained from 

here can be labelled as good, satisfactory, poor, very poor and severe [16]. 

This mode choice analysis is done to predict the mode which a person will choose and the 

choices available being discrete choices, mode choice can be classified as categorical variables 

[1]. Thus, a multinomial logit model fits the best for discrete choice modelling. For this study, 

a questionnaire-based survey was performed to find out the stated preferences for the mode 

choice for different levels of perceived pollution and to find to which mode a person will switch 

if the pollution level is increased [17]. The questionnaire survey was collected outside various 

interchange metro stations in the city of Delhi in India. The number of samples was based on 

the relative population of that area [10]. A survey was divided broadly into three parts, first 

targeted to understand people’s understanding of air quality and problems caused by air 

pollution [18]. The second targets the socio-economic characteristics of the person while the 

third to get information based on the trip profile of the person. A descriptive analysis is done 

separately on the three parts followed by the development of a logit model with walking being 

considered as a base choice i.e. probability of any mode choice is found in comparison to 

walking [12]. From the descriptive analysis, it can be found out which variables affect the mode 

choice and what is the correlation of various variables. 

3. Methodology  

Study region 

Air Pollution has already become a major concern in our country, affecting health, habits, 

ecology and tourism. The topography of Delhi significantly influences how pollution affects 

the city. Delhi is separated into five segments for this research. (east Delhi, west Delhi, north 

Delhi, south Delhi, centre Delhi). The life expectancy of people living in Delhi has dropped as 

AQI have exceeded severe levels. Although having the 12th highest population, Delhi is one 

of the world's top 21 most populated urban agglomerations and the 10th most populous 

metropolitan region. 

According to some studies on Delhi’s pollution, it has been proved that Delhiites have 8% 

higher risk of further chest pain while they are exposed to hazardous level of PM2.5 last year. 

The pollution level was more than 4 times trend that set off Public Health Emergency by UN's 

World Health Organization (WHO). 
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In Delhi, there has been rapid population growth of residents and vehicles, leading to 

compounded levels of air pollution over the last 30 years. The main idea behind this study is 

to investigate how the people will react to change in air quality in terms of their mode of choice. 

As the private motorised modes of transportation produce more vehicular emissions per capita, 

it becomes necessary to understand the increase or decrease in number of private vehicles if 

the air quality deteriorates. As discussed in the literature review logistic regression model can 

be used to study discrete variables choices like mode choice. For this study a questionnaire was 

made based on the possible variables as suggested by literature review. For this firstly 

information about air pollution perception was collected followed by trip characteristics and 

their socio- economic information. A road-side interview survey was performed and obtained 

data was analysed using SPSS. 

Designing Survey Sample 

The sample size is an important consideration in any empirical research that aims to infer 

information about a population from a sample. Even though a bigger sample size would require 

more time and effort without improving accuracy, larger samples are frequently more accurate 

when predicting unknown parameters. Because of this, the ideal sample size for the given 

study's objectives sits somewhere in the middle. The following statistical formula may be found 

in the majority of statistical textbooks: 

𝑛 =
(𝑍𝛼

2
)2 ∗ 𝜋 ∗ (1 − 𝜋)

𝐸2 +
(𝑍𝛼

2
)2 ∗ 𝜋 ∗ (1 − 𝜋)

𝑁

 

n: is the sample size 

Z: the statistics tables' normal distribution factor 

α: is the 1-confidence level 

π: response distribution factor 

E: acceptable margin of error 

N: size of population 

 

Questionnaire 

 

Questionnaires are among the main sources for the primary data collection. Questionnaires 

can be used to collect both qualitative data as well as quantitative data. Based on the literature 

review all the possible data required for the survey was reviewed and a questionnaire was 

constructed consisting of all the data required for the study. Most important factor about this 

questionnaire is the division of the questionnaire into three parts: first is air pollution 

perception information, second is socio-economic information and third is trip profile. In 

these three-section interviewers ask questions which may be directly or indirectly affecting 

the factors which may help a person in deciding the mode of choice for their commute. 
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Model Development 

 

The multinomial logit model presupposes that each independent variable has a single value for 

each occurrence and that data are case-specific. The multinomial logit model also assumes that 

the dependent variable cannot always be accurately predicted from the independent variables. 

The appeal that a person associates with a certain travel determines the utility of a particular 

method of transportation. The person will pick the technique that appeals to them the most 

given several considerations including the cost and duration of the journey, their gender, their 

age, etc. Utility maximisation is the term used to describe this idea. A mathematical equation 

may be used to explain a mode m's utility function. 

  Uni =  þni1xni1 + þ2xni2 + ⋯ + þkxnik 

Where: 

Uni : is the mode m for person i's net utility function. 

xni1, . . . xnik : are k different mode m qualities for person i. 

þ1, … þk : are k numbers of coefficients that must be inferred from the survey data, or weights 

that are assigned to each characteristic. 

The random utility model, which considers utility as a random variable with two clearly 

separable components: a measured conditioning component and an error component, may be 

used to explain the decision behaviour. Therefore, 

Uni = Vni + Eni 

Where: 

Vni  : is the systematically observed part of the mode m's utility for person I. 

Eni : is the unobserved error component of utility of mode m for individual I as a result of the 

influence of unobserved variables. 

The likelihood of a person I choosing a mode n out of the total M possible modes is provided in 

Equation, which briefly summarises the framework. 

 

𝑃𝑖𝑛 =
𝑒𝑉𝑖𝑛

∑𝑀𝑚=1 𝑒𝑉𝑖𝑚
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Where: 

Vin : is the mode n's useful function for person i. 

Vim: The utility function of any mode m among the available options for an individual I is known 

as vim. 

PIN: is the likelihood that person I will choose mode n. 

M : is the total number of trip options for person I in the choice set. 

Although these equations are often approximated using the greatest likelihood technique, the 

multinomial logit model makes use of mathematical frameworks. 

The values of the parameters for which the observed sample is most likely to have happened are 

estimated using the maximum likelihood technique. The collection of parameters that are "most 

likely" to have led to the decisions shown in the data are determined using the maximum likelihood 

technique. 

Data Analysis and Calibration of The Model 

After submitting the questionnaire, all of the completed data were entered into a computer programme 

(SPSS) and used in a multinomial logistic method that estimates probabilities using a logistic function, in 

this case the cumulative logistic distribution, to determine the relationship between the categorical dependent 

variable and one or more independent variables. 

In order to create the mode choice model, data were analysed and calibrated using logistic regression rather 

than conventional multiple regression, as the assumptions needed for conventional regression are not 

satisfied, taking into account each of the chosen transportation modes as well as all potential factors that 

could have an impact on this mathematical model. 

Data Analysis 

The data analysis is done in 2 parts. First, the descriptive statistics is done to understand the 

nature of the variables followed by correlation analysis as Multiple logistic regression requires 

the variables to be non collinear. Hence if two variables show collinearity only of them is used 

in the model development. Using these two methods data is filtered and then a model is 

developed based on the filtered observation data. 
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Descriptive statistics 

According to the descriptive data, more than 80% of people are aware that one way to gauge 

the quality of the air we breathe is by using the AQI. As most individuals learn about AQI 

information via mobile apps, it is also clear from the response data that mobile applications 

were crucial in raising awareness about air quality. Although they don’t check it on a regular 

basis and mostly people check it once or twice a week. As the pilot survey was conducted in 

the month of December most of the responses for people’s opinion on currentAQI came out to 

be in the poor category while the main survey conducted in late winters and early springs 

showed people’s response shifting towards moderate category. Although a bias was observed 

as 87% people were not married with most of them being in the age category of 19-25 years 

being students. Most of the people use public transportation with 60% people. While this study 

reveals that 10% of the population using active transportation takes on the highest number of 

ill-effects of air pollution. It is seen people will switch to private modes as the pollution 

increases. Most of the trips by these people are from home to work/office. 

4. Results   

Due to the fact that eliminating the influence of any variable does not increase the degrees of 

freedom, the final reduced model is comparable to the full model. Travel cost was found to be 

most statistically significant for the final model. Also the McFadden pseudo-R2 value was 

obtained to be 0.38. Also the Nagelkerke pseudo-R2 value was nearing 0.7 which shows the 

model to be good. From the model fitting statistics we can conclude the significance of 

likelihood ratio test is very less than 0.05, thus we can conclude that the model showed a good 

result for detecting preferred modes of travelling for people based on the environmental 

conditions. Although socio-economic parameters also become important while using this 

model, one should keep in mind the distance of travel and cost for the same plays major roles 

along with environmental factors. 

Table 2 : Model fitting 

 Model fitting 

criteria  

Likelihood   Ratio         Tests 

Model -2 Log 

Likelihood 

Chi-Square df sig. 

Intercept Only Final 996.687 

616.260 

380.427 256 .000 

Model fitting information 

We must first evaluate if the model improved our ability for outcome prediction before we 

examine the implications of each explanatory variable in the model. To do this, we contrast a 

model with no explanatory factors (the baseline or "Intercept Only" model) with a model that 
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includes all explanatory variables (the "Final" model), which at the time of writing only 

includes gender. To determine whether the final model considerably improved the data fit, 

when comparing it to the baseline model. 

The deviation has limited usefulness on an intuitive level since it depends on the sample size, 

the quantity of parameters in the model, the degree of fit, and other variables. If the model 

represents the data better than the baseline model, the deviation (-2LL), which can be tested 

against the chi-square distribution to generate a p value, should be much lower. 

R2 equivalents for logistic regression 

Another way to judge the effectiveness of a regression model is to determine how strong the 

relationship is between the explanatory variable or variables and the outcome variable. In a 

linear regression study, the R2 statistic served as a representation of this. Logistic regression 

also allows for the calculation of R2, or rather a variant of it. There are several versions, which 

might be confusing. This is due to the fact that the various versions employ pseudo-R2 statistics 

to estimate rather than accurately measure the amount of variance explained. Bear in mind that 

possibilities are at play here. Despite this, it can occasionally be helpful to evaluate them in 

order to determine the actual worth of your model. 

The two versions that are most frequently used are R2 by Hosmer & Lemeshow and R2 by 

Nagelkerke. These words relate to the proportion of the variance in the result that the model 

can explain. These values vary from "0" to "1," similar to R2 in multiple regression, with a 

value of "1" signifying that the model fully accounts for the variance in the outcome and "0" 

signifying that it does not. Be careful since they are decided differently and may provide 

contradictory results! We'll go over our examples in the pages that follow and explain how to 

comprehend these data, which are available with SPSs. 
Table 3 : Pseudo - R squares 

Cox and Snell 

 

Nagelkerke 

 

McFadden 

.652 

 

.696 

 

.382 

5. Conclusion  

In the developed model a high goodness of fit was seen. Although all the variables from pilot 

survey were not used in the final model development as few variables were dropped from the 

questionnaire in the final survey based on obtained results.  High range of pseudo R2 suggests 

few redundancies are present in the data thus a more extensive filter needs to be applied in the 

results obtained from the final survey. Only 27% of those surveyed are familiar with and 

comprehend the AQI. The categories of "moderate" and "poor" air quality were seen as 

troublesome by more than 60% of the respondents. Accordingly, 68% of commuters stay away 
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from areas with extremely bad or severe air quality. For primary and secondary travels, the 

percentage of the most exposed user group—walking, bicycling, using motorised two-

wheelers, and using auto-rickshaws—is around 38% and 35%, respectively.  Additionally, it 

was discovered that when air quality is bad or really bad, more people are prone to utilise closed 

modes of transportation. The study shows that commuters are unable to make choices that 

would lessen their exposure while travelling since there is no information on air pollution 

exposure available. This research suggests that government decision-makers develop or put 

into place a real-time information system that can help commuters change their minds. 

Limitations 

This paper presents a mode choice analysis using surveys. The major issue with that is people 

are not ready to share their point of view. also, only the broad categorisation of the mode of 

transportation is stated in the questionnaire, which can be further specified like bus metro 

motorbikes and cars. The data was collected on random days whereas it can be collected 

differently for weekdays and weekends during some of the most polluted days of the year. 

Multinomial logistic regression is a powerful tool for modelling categorical data. However, 

there are some limitations to its use. Particularly susceptible to minute changes in the data is 

the multinomial logit model. This could produce unreliable outcomes. Moreover, huge data 

sets do not lend themselves well to the multinomial logit model. 

Another limitation is that the model cannot be used to predict the probability of a particular 

event occurring; also the multinomial logit model cannot identify the order of the explanatory 

variable. 

Future work 

According to our research, the quality of the transportation system has both direct and indirect 

effects on how many cars people buy and use (through outcome expectations and attitudes). 

Therefore, actions that enhance the transit system's effectiveness in terms of speed and 

dependability, accessibility, and trip quality might potentially make it more alluring than 

driving. The crucial caveat is that, regardless of how effective and handy the transportation 

system is, once a car is owned, the owner's driving habit is not changed by it. There is no doubt 

that both short- and long-term human behaviour are strongly impacted by air pollution. 

Travelers are, naturally, the most exposed demographic. This may interfere with transportation 

regulations intended to make the system more cost-effective and ecologically friendly. The 

items listed below can be looked into further. 

1. The study used data and took into consideration how perceptions alter with the conditions. 

A perception survey should be conducted throughout the year to gather information. 

2. Although stated preferences are taken into account in this study, a preference survey should 

also be conducted to determine the preferred method of transportation when air pollution levels 

are high. 
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