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Abstract: This study aims to analyze travel behavior pattern, and identify the nature of relationships among 
socio-economic demographics (SEDs) and travel demand management (TDM) measures. A questionnaire 
survey was conducted in Lahore, Pakistan and 631 samples were collected. Initially, cross analysis of vehicle 
ownership and modal share was conducted to classify the sample into four segments, i.e., car oriented, 
motorcycle oriented, public transport roiented, and non-motorized modes oriented. The results of cross 
analysis indicated that the use of cars increased with an increase in education level, and decreased with size 
of the households. People having private vehicles prefer to use those, instead of availing public transport. 
However, most of the private vehicle users have favorable evaluation of public transport improvement 
strategy. Perceptions for TDM measures vary among the four segments of mode users. Optimal ranking of 
TDM measures places advance traffic information and public transport improvement at the top, and parking 
charges and fuel tax at the bottom. Ordinal regression analysis was conducted by applying Logit model, and 
relationships were determined among various SED variables and TDM measures. Modeling results revealed 
that income, education, gender, and current travel mode are significant determinants of commuter’s attitudes 
towards the selected TDM measures. Among all factors, respondent’s education level was observed to be the 
most influencing factor. However, different SED factors affect the consideration of TDM measures differently. 
The results of this study can help the transport planners and policy makers in arriving at appropriate TDM 
measures for specific segment of the travel market. 
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1. INTRODUCTION 

1.1 Background

The rapid increase in car ownership and its usage 
has resulted congestion related problems in 
developing cities. Other factors that contribute in 
resulting traffic congestion are people’s disorder 
driving behaviour, limited supply of infrastructure, 
inefficient use of existing facilities and absence of 

traffic enforcements. The trend of using private 
vehicle tends to shape the cities as auto dependent. 
Travel demand of passengers has increased 
rapidly and leading to complexity of handling 
the situation effectively. The imbalance between 
demand and supply has resulted road congestion, 
thus condensing the urban mobility. It is unfair to 
build more road infrastructure just to facilitate car 
users and neglecting the mobility of poor people 
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such as non-motorized and public transport mode 
users. In developing countries, the main focus is on 
supply side measures to meet the increased demand 
of travel. However, lack of space and technical 
abilities, lacking in financial and institutional 
resources, and environment sustainability related 
problems have forced to look for demand side 
solutions with supply side solutions. In this context, 
Travel demand management (TDM) measures are 
considered as effective tools in influencing the 
travel behaviour and have impact on reduction in 
travel time and cost, and convenience of travel 
options [1]. It is vital to promote such policies that 
should reduce the advantage of car use and increase 
benefits of public transport usage [2]. TDM 
strategies are mainly classified into two categories 
such as push or disincentive measures aiming to 
reduce the advantages of car use (e.g. increase in 
fuel and road taxes), and pull or incentive measures 
where alternative travel choices are provided (e.g. 
improved public transport, van pooling, HOVs lanes) 
[3]. Another classification of policies includes hard 
measures such as road pricing, parking charges, 
new public transport service and soft measures 
such as workplace travel plans, personalized travel 
planning, public transport marketing and travel 
awareness campaigns [4]. 

 Now-a-days, managing travel demand has 
widened the need of optimizing the performance 
of transportation system for commuting and 
non-commuting trips and for recurring and non-
recurring congestion events [5]. TDM strategies 
that promote cheaper travel choices will be effective 
for a major portion of residents in developing 
countries [6]. TDM measures such as education and 
awareness campaigns, promotion of online or tele-
working, support for ridesharing, public transport 
improvement and implementation of land use 
policies can reduce the vehicle trip. Introduction of 
parking restraints, and support for pedestrians and 
cyclists can also be effective in altering the travel 
pattern [7]. Imposing vehicle ownership taxes and 
other vehicle related taxes like road tax and parking 
charges may discourage both car ownership and 
usage [8]. The acceptability of a TDM measure 
is important to evaluate that whether a specific 
strategy will effectively change travel behaviour 
of commuters or not [9]. In different studies, push 

measures like road pricing and parking charges 
perceived low acceptance from public compared to 
pull measures like public transport improvement [10-
11). However, commuters normally perceive pull 
measures to be more suitable, even push measures 
often estimated to influence car use decrease largely 
[3, 12]. Moreover, the acceptability of a measure is 
important if its objective has to achieve [9, 13].

1.2 Scope and Objectives of Study

Lahore is the second largest city of Pakistan with 
population of almost 8.65 million and area about 
1792 Km2 [14]. The population has nearly doubled 
in last 20 years which represents 3% growth rate 
per annum [14]. It is believed that Lahore city has 
immense potential of mass transit development 
considering the number of trips generated due 
to high density development in the inner zone. 
Population density varies from 450 persons per 
hectare in the inner zone to 100 persons per hectare 
in the outer zone [14]. The 80% of population is 
almost living within a radius of 7-8 km from the 
city centre [14]. The rapidly growing population 
and traffic demand has resulted chronic traffic 
congestion on road network despite significant 
development. Number of vehicles is increasing at an 
alarming rate i.e. 17 % per annum and major reasons 
of increase are the absence of an efficient public 
transport and government banking leasing policy 
for car ownership [14]. Other main factors in rapid 
increase of car ownership and usage are changing 
lifestyles, status symbol and low ownership and 
usage cost of automobile. Heavy traffic congestion 
on roads and the suffering of inhabitants from 
vehicle emissions demand alternative sustainable 
strategies to solve these problems. Vehicular 
traffic also threatens the pedestrian safety in busy 
urban areas [15]. The transportation policies are 
mostly developed just considering the benefits of 
automobile users, which impose greater external 
cost to most of the population. The fuel prices are 
increasing day by day and it is essential to focus 
on energy efficient transport. All these situations 
demand the consideration and implementation of 
demand side measures to solve congestion oriented 
problems, and ensure sustainability of the city. 

It is believed that for successful implementation of 
demand management strategies, it is essential to 
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evaluate acceptability of specific policy measures. 
People’s behaviour can be a key issue in the success 
of any policy measure. In this context, stated 
preference approach can apply to evaluate the 
anticipated acceptability of TDM strategies before 
implementation [11]. Many studies in developed 
countries explore the influence of socio-economic 
demographics, situational factors and freedom in 
travel on acceptability of various TDM measures 
[2-3, 16-18]. In developing countries, only few 
studies provide the evidence of impact of socio-
economic factors on acceptance and effectiveness 
of TDM measures [11, 19-20]. However, it is 
very important to explore significant factors in 
the acceptability of policy measures in specific 
region. Therefore, this study aims to analyze the 
commuter’s travel behaviour pattern, and their 
attitudes towards selected TDM measures. Initially, 
sample has been segmented into four classes based 
on vehicle ownership and modal share of this study, 
and a comparison was made among four segments 
for socio-economic features, and perceptions to 
TDM measures. Ordinal Logit models have been 
developed to analyze influence of socio-economic 
characteristics on perceptions to each TDM measure. 
This paper has been organized in the following 
manner. Section 2 describes the questionnaire 
design and survey methods. Distribution of socio-
economic characteristics of respondents is presented 
in section 3. Commuters’ opinions to TDM strategies 
and results of ordinal logit modelling are discussed 
in section 4. Last section describes the conclusions 
and policy implications of this study. 

2. DATA COLLECTION METHODS

2.1 Questionnaire Design

The findings of this study are based on results of 
a questionnaire survey. Seeking the objectives a 
questionnaire was designed consisting of two parts. 
Personal and travel information were asked in 
part one of questionnaire i.e. gender, age, income, 
education, occupation, vehicle ownership, trip 
frequency with different modes and for different trip 
purposes, possesses driving license or not, drive car 
and motorcycle or not. Travel pattern with different 
modes and for different trip purposes were asked 

using the following scale; never, a few times a year, 
a few times a month, 1-2 days a week, 3-4 days a 
week, and 5-7 days a week. In part 2 eight TDM 
strategies were selected seeking the feasibility of 
implementation in Lahore city, and presented in 
Table 3 with average response of respondents. The 
respondents were asked to give their opinion on 
each measure based on whether they support to a 
specific measure for reduction of traffic congestion 
or not. Carbon tax on gasoline only was included 
in case of fuel taxes considering the social impacts 
of tax on other fuels e.g. diesel, because increase 
in tax on diesel may result increase in prices of 
living goods. People’s willingness was also asked 
to pay road taxes for the improvements of traffic 
conditions, and support the increase in parking 
charges at office sites. The measures of willingness 
to do online or tele-work and participate in 
organization and institution based transport services 
were selected considering the current scenario and 
their future potential. Currently, some organizations 
and institutions are providing transport for their 
employees, and also provide home-based work for 
skilled workers. The inclusion of these measures 
would help in evaluating their future potential. The 
respondent’s willingness was asked for participation 
in traffic education and awareness programs, and 
use of public transport in case of better mode e.g. 
bus lanes or rapid rail mass transit. The respondent’s 
opinion was asked on provision of advance traffic 
information in order to alleviate traffic congestion. 
This questionnaire was designed to target current car 
users, and potential car users (current non car users). 
The rapid increase in car and motorcycle ownership 
as well as their usage in last ten years is the main 
reason of including opinions of potential car users. 
It was assumed that the attitudes of potential car 
users also needed to evaluate in advance towards 
TDM measures. In this study 4-point Likert scale 
was used to measure people’s response on stated 
questions of TDM measures. It was hypothesized 
that 4-point ordinal scale is appropriate considering 
a questionnaire survey in developing country and 
reliability of data in grasping the actual preferences. 
Therefore, 4-point scale was selected by seeking 
trade-off between simplicity of respondents in 
survey and data reliability. 
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2.2 Survey and Sampling 

This questionnaire survey was conducted in Lahore 
during September 2011 with the help of university 
graduate students. The students were trained and 
instructed for the objectives of survey. Main target 
groups were students, employees of different 
private and government organizations and people 
related to commercial and business sector. The 
other main objective of this survey was to target 
daily commuters, and get mix of different mode 
users. Thirteen locations were selected in Lahore 
metropolitan area seeking the objectives of survey 

Fig. 1. Locations of the survey in Lahore, Pakistan (Source: Google map).

as presented in figure 1. The designed questionnaire 
initially was tested for concreteness and clarity 
through a pilot survey. Self-completion (by 
respondents) and interview approaches (interviews 
of respondents with the help of students) were used 
in survey deeming the literacy level of respondents. 
It was assured to conduct survey by interview from 
those respondents whose literacy level is low. The 
respondents were selected randomly at selected 
locations and total 1,000 questionnaires were used. 
The selected respondents were instructed about 
the contents of questionnaire and filling procedure 
to ensure the respondent understanding of 
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questionnaire items, and the reliability of collected 
data. Only 668 filled questionnaires were obtained 
which represented 66.8% return rate. Almost 300 
samples were not returned by respondents even 
after three weeks as most of the questionnaires 
were distributed at various locations, and some 
questionnaire forms were wasted during the survey. 
Later on 37 samples were discarded from collected 
668 due to incomplete information and double 
answers on some questions. Therefore, results of 
only 631 samples were used in analysis and ordinal 
modelling.

3. RESULTS AND DISCUSSION

3.1 Distribution of Socio-Economic  
 Characteristics

3.1.1 Overall Distribution

The share of female respondents is only 23.3 % 
percent of sample, which is quite less compared to 
total share of population. This is, because female do 
not drive motorcycle and bicycle, and do not work 
in commercial sectors (business, shops, etc.). The 
distribution of sample shows that 64.6% respondents 
have bachelor education or above, which is higher 
than the actual literacy rate in Lahore. It is due 
to presence of car and potential car users in large 
number in sample as they belong to medium to high 
household income category, and thus education level 
increases with the increase of household income. 
Sample represents a good mix of different mode 
users as well as occupations. The share of different 
modes in modal share follow as car (25.5%), 
motorcycle (35.5%), public transport [bus, wagon, 
Qingqi] (16.8%), auto-rickshaw/taxi (7.1%), office/
school transport (5.9%), and walk/bicycle (9.2%). 
The share of students in sample is (23.6%), civil 
employees (20.8%), private employees (29%), 
entrepreneurs (15.7%), and others (11%). Collected 
samples nearly represent daily travelers in Lahore 
as 83.5% of respondents have trip frequency 5-7 
days a week and 10.6% 3-4 days a week.  Almost 
33.3% respondents have car and 35.5% motorcycle 
driving license respectively. The respondents were 
also asked whether they drive car and motorcycle 
or not. Sample shows that 39.8% of respondents 
drive car and 52.5% motorcycle. It means that 
some people drive car and motorcycle even without 

driving license. The respondents who drive vehicle 
asked for how they learned driving. Survey results 
show that 35.9% are self-trained, 52.7% learned 
driving from friends or family members and only 
11.4% learned from a driving school. Almost 76.3 
% respondents were aged between 21-40 years. 
Average monthly household and personal income 
of respondents lies in 21,000-30,000 PKR and 
10,000-15,000 PKR respectively. 

3.1.2 Cross Distribution of Vehicle Ownership 
and Modal Share

A cross-analysis was conducted between modal 
share and vehicle ownership of this study. Initially, 
sample was segmented for vehicle ownership into 
four classes i.e. no vehicle, only motorcycle, car 
and motorcycle, and only car. The results of cross 
analysis as shown in Table 1 depict that those 
respondents who have car and motorcycle prefer to 
use private vehicle instead of other modes. From 
this analysis, four segments were identified based 
on mode dependency and captivity of choice. These 
segments include car oriented including auto-
rickshaw and taxi users (204), motorcycle oriented 
(224), public transport oriented including office or 
school transport users (145) and non-motorized 
group or green travelers (58). 

3.1.3 Cross Analysis of Personal Information 
with Four Segments of Mode Users 

The results of cross-analysis for socio-economic 
characteristics among identified four segments as 
presented in Table 2 show that male are dominant 
in motorcycle oriented group and female in car 
and public transport oriented group. This is, 
because female do not drive motorcycle and just 
travel as passenger, and in case of car, they can 
drive and travel as a passenger. It can be argued 
that the travel behavior of female is dependent 
on male in motorcycle oriented group. The use 
of car increases with the increase of age, and 
motorcycle is dominant mode for age group of 21-
30 years. The use of public transport decreases with 
increase of age. These results reveal that income 
increases as people approaches to higher age, and 
this results increase in auto ownership and usage. 
The dominance of motorcycle in age group of 
21-30 years indicates that graduate students, and 
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fresh graduates and workers initially depend on 
motorcycle, and then with the increase of income 
approach towards car ownership and usage. The 
use of car is higher in small and motorcycle in large 
household. It is very realistic because household 
size decreases and car ownership increases with 
the increase of household income. The use of car 
again increases with the increase of education, 
whereas use of public transport decreases. This is, 
because education level in Lahore increases with 
the increase of household income which supports 
the findings of increase in car use with increase of 
education. Motorcycle group is dominant in middle 
income category. There is no significant variation 
among four groups for work or study trip. However, 
car and motorcycle oriented people travel more for 
shopping and recreational trips compared to public 
transport and non-motorized mode groups because 
later groups belong to low income category. This 
implies that these groups are very captive in mode 
choice and have low tendency for shopping and 
recreational trips. This may be due to expensive and 
inefficient public transport in the city.

3.2 Distribution of Respondents’ Socio-
economic Characteristics

3.2.1 Average Rating of TDM Measures

A comparison was also conducted among four 
segments for average response to selected TDM 
measures. Advance traffic information measure has 
favorable evaluation from all groups. All groups 
have almost same intentions for participation in 
traffic education and awareness programs. Auto 
users have more favorable evaluation of tele-work 
strategy than non-auto users. It means these groups 
have more potential for such work because their 
education level is high and can easily get benefit 
of such opportunities. Public transport and car 
users have high positive evaluation of office or 
institution based transport service. It means that 
there is potential of providing office based transport 
service for employees and workers by targeting 
these specific people although the samples in non-
motorized group are less. Car and motorcycle users 
have more willingness to use better mode of public 
transport such as bus lane or rail mass transit. Non-
auto groups have less willingness because some of 
them may think that travel cost of these new modes 

would be high and it is difficult for them to avail this 
better opportunity. However, the potential of auto 
users can be utilized with the provision of state of 
the art public transport in order to make significant 
promotion from auto to public transport. Motorcycle 
users have low willingness for increase of parking 
charges for reduction of traffic congestion whereas 
car and public transport users have high willingness 
for increase of parking charges. Public transport and 
NMM users have low willingness to pay road taxes 
and carbon tax on gasoline. This is obvious because 
these groups belong to low income category, 
and they consider inflation and social impacts in 
evaluation of fiscal measures. All strategies have 
been ranked based on overall average response and 
average response of four segments and an optimal 
ranking has been proposed as presented in Table 4. 
The ranking places pull measures at the top (highly 
favorable measures) and push measures at the 
bottom (less favorable measures). 

3.2.2 Ordinal Regression Analysis

Ordinal logit models were developed to examine 
the influence of respondent’s socio-economic 
characteristics on their response to selected TDM 
measures. Appropriate observed variables of 
personal and trip information were coded as 1, 0 
for modeling purpose. Education, personal income 
gender, and existing travel mode were used as 
independent variables. Personal income is used 
as independent variable instead of household 
income because vehicle ownership and education 
are highly correlated with the household income. 
Similarly, regression parameters were estimated 
for male instead of female because share of female 
workers and female headed household is quite less 
in Lahore and they travel less compared to male. 
It has been supposed that implementation of any 
strategy is likely to have more influence on travel 
attitudes of male than female as they travel more. 
Therefore, response of male respondents is more 
critical and need to evaluate primarily. It was also 
assumed that estimation of regression parameters 
is important for different mode users in order to 
make some important implications for each group 
regarding different measures although rating has 
been proposed from average response. Regression 
analysis will also help statistically in evaluating 
the attitudes of current car users and potential car 
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Table 1. Distribution of modal share (frequent travel mode) across vehicle ownership. 

Vehicle 
ownership 

Car AR/ taxi MC Office/school 
transport 

Public bus Public 
Wagon 

Qingqi Walk/ 
Bicycle 

No vehicle  

Only MC 

Car and MC 

Only car 

0.0 

0.82 

42.49 

72.82 

6.59 

8.20 

4.15 

10.68 

2.20 

57.79 

39.90 

3.88 

7.69 

5.33 

7.77 

2.91 

29.67 

8.20 

1.04 

0.97 

14.29 

4.92 

0.00 

2.91 

13.19 

5.33 

0.52 

2.91 

26.37 

9.43 

4.15 

2.91 
 

Note: AR: auto-rickshaw, MC: motorcycle, the above indexes are in %.   
 
 
Table 2. Cross distribution of socio-economic features with four segments. 

Socio-demographics Car oriented 
(%) 

Motorcycle 
oriented (%) 

Public transport 
oriented (%) 

Non-motorized 
oriented (%) 

Gender 
             Male  
             Female 
Age 
             ≤ 20 years 
            21-30 
            31-40 
            > 40 years 
Household members 
            ≤ 5 
            > 5 
Education 
          Below bachelor 
          Bachelor & above 
Personal Income  
          Low income 
          Middle income 
          High income 
Household income 
          Low income 
          Middle income 
          High income 
Work/study trip 
          5-7 days a week 
          3-4 days a week 
          1-2 days a week 
          A few times a month 
Shopping trip 
          Weekly 
          A few times a month 
Recreational trip 
         Weekly 
         A few times a month 

 
27.7 
47.6 

 
33.0 
27.6 
42.9 
37.3 

 
39.3 
25.5 

 
18.4 
40.0 

 
24.3 
21.9 
62.4 

 
12.6 
18.1 
51.7 

 
32.1 
31.1 
31.4 
37.5 

 
49.7 
26.1 

 
43.4 
29.3 

 
40.7 
18.4 

 
22.0 
43.4 
27.0 
27.1 

 
29.4 
41.5 

 
38.1 
24.1 

 
27.7 
48.6 
26.2 

 
29.9 
44.9 
30.9 

 
35.6 
41.9 
37.1 
34.4 

 
27.5 
38.4 

 
32.4 
36.4 

 
21.9 
26.5 

 
36.3 
20.0 
26.2 
13.6 

 
24.3 
21.7 

 
33.2 
17.4 

 
34.0 
22.7 
6.0 

 
37.8 
27.8 
12.8 

 
21.8 
24.3 
22.9 
18.4 

 
15.6 
25.6 

 
17.6 
24.4 

 
9.7 
7.5 

 
8.8 
9.0 
4.0 

22.0 
 

7.0 
11.3 

 
10.3 
8.6 

 
14.0 
6.9 
5.4 

 
19.7 
9.3 
4.5 

 
10.3 
2.7 
8.6 
9.4 

 
7.2 
9.9 

 
6.6 
9.9 
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users (e.g. current motorcycle and public transport 
users) towards TDM measures. Moreover, multi-
collinearity was checked among independent 
variable, values of variance inflation factor (VIF) 
found on lower side i.e. less than 3.0. In the field 
of statistics, it is believed that the multi-collinearity 
among independent variables does not exist if VIF 
values are less than 5 or even 10 [21-22]. The detail 
of explanatory variables and modeling results is 
given in Table 5. Parameters for traffic education and 
awareness measure were not presented here because 
model estimation did not find any significant model 
and parameter values. The estimated values of ρ2 are 
found to be on lower sides which show low reliability 
of models. However, some important implications 
can be made from significant explanatory variables 
for each policy measure. 

3.2.2.1 Advance traffic information: Modeling 
results for this measure show that gender, education, 
and personal income have significant impact 
on commuter’s perceptions to advance traffic 
information. The male respondents have positive 
attitudes towards this measure because they travel 
more and provision of advance traffic information 
would help in making their trips efficient. Increase 
in education and personal income result positive 
attitudes towards this measure. It means people 
who have high education feel that this measure 
would be appropriate to alleviate traffic congestion. 
It would be easy for such class of people to get 
latest information using different sources such 
as mobile phone, internet, and variable message 
signs. However, affordability of sources to get 
information, and readability of text information 
are key issues associated with low income and low 
educated people. 

3.2.2.2 Tele-work: The respondent’s education 
is the only significant explanatory variable in the 
model of tele-work strategy. The respondents with 
higher education have positive attitudes towards 
acceptance of this measure. This is, because highly 
educated people have more awareness about such 
works, and potential to do compare to low educated 
people. This potential can be utilized for reduction 
of private vehicle trips, because one main reason 
of using private vehicle is the part-time work or 
side business. If skilled and highly educated people 
can get such part time opportunity through online 

working programs then it would help in reducing 
the use of private vehicle. Car and public transport 
users have negative attitudes towards this strategy 
whereas motorcycle users have positive propensity. 
It means middle income people with higher 
education should be the target group of this policy 
because motorcycle users mainly belong to middle 
income category such as fresh graduates and age 
group of 21-30 years. Moreover, trend of doing 
part-time work is more in middle income group, 
and provision of this policy would help them in 
reducing the travel of private vehicle.  

3.2.2.3 Office based transports service: The 
respondent’s education, income and variable of 
public transport users are significant determinants 
of people’s attitudes towards office based transport 
policy. Education and income have positive 
association with respondent’s participation in 
transport service from organizations or institutions. 
Public transport users also have positive attitudes 
towards this service because they belong to low to 
middle income category and this service will be 
cheaper as compare to public transport. The male 
respondents, car and motorcycle dependent people 
have negative attitudes towards transport service 
which indicates high auto dependency. Inflexibility, 
lengthy route and fix schedule are the main reasons 
of not using this service.

3.2.2.4 Public transport improvement: The gender 
is the only significant variable in the model of public 
transport improvement. It shows that male have 
more potential of using improved public transport 
than female because in some families female are not 
allowed to travel on public transport especially in 
high income group. In some cases female can travel 
on public transport but only with male members. 
Higher education level decreases the potential of 
public transport usage because education level 
and car ownership increases with the increase of 
household income. Therefore, highly educated 
people do not prefer to travel on public transport 
because they may think that it does not reflect their 
status and respect in the society. However, current 
car and motorcycle users have positive attitudes 
towards bus lane or rapid rail mass transit system. It 
can be argued that some people may use improved 
public transport for daily commuting, as it is reliable 
from private transport. However, travelling with 
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Table 3. Average rating of TDM measures from different groups. 

TDM Measures Car  MC  PT NMM OA 

Advance traffic information would be very helpful to relieve 
traffic congestion 3.43 3.40 3.31 3.38 3.36 

I have intention to participate in traffic education and awareness 
programs 2.94 2.96 3.01 2.95 2.96 

I have intentions to do online or tele-working if there will be an 
opportunity 2.84 2.79 2.65 2.71 2.75 

I have intention to participate in office based transport  service 
from organization/institutions 2.70 2.47 2.64 2.55 2.59 

I would use public transport if there is better mode like rapid rail 
mass transit or bus lanes 3.23 3.30 3.13 2.90 3.20 

I support to increase parking charges in order to reduce traffic 
congestion in the city 2.38 2.20 2.31 2.27 2.29 

I support to put more carbon tax on gasoline in order to protect 
environment 2.68 2.57 2.40 2.45 2.52 

I would pay more road taxes in order to improve traffic conditions 
in the city 2.83 2.74 2.56 2.57 2.71 
 
Note: MC: motorcycle, PT: public transport, NMM: Non-motorized modes, OA: overall  

 
 

Table 4. Ranking of TDM measures. 

TDM Measures Overall Car Motorcycle Public 
transport 

Non 
motorized 

Optimal 
ranking 

Advance traffic information 1st 1st 1st 1st 1st 1st 

Public transport improvement 2nd 2nd 2nd 2nd 3rd 2nd 
Education & awareness programs 3rd 3rd 3rd 3rd 2nd 3rd 

Tele-work 4th 4th 4th 4th 4th 4th 

Road tax  5th 5th 5th 6th 5th 5th 

Office based transport service 6th 6th 7th 5th 6th 6th 

Carbon tax on gasoline 7th 7th 6th 7th 7th 7th 
Parking charges 8th 8th 8th 8th 8th 8th 
  
  
female family members may prefer to use private 
vehicle because of privacy and other situational 
factors e.g. shopping, emergency, travelling at 
night, and service quality factors of public transport 
e.g. no direct access to some destination, fixed and 
limited schedule, etc. Positive relation of current 
public transport users with this strategy implies that 
improved service would help in keeping existing 
users. 

3.2.2.5 Parking charges: The gender and education 
are only significant explanatory variables for this 
measure. The male respondents have negative 
attitudes towards increase in parking charges, 

whereas higher education results positive attitudes 
towards this policy. It means high income people 
have more potential for acceptance of this policy 
such as car users, and there is potential of increase 
in parking charges on car use as mostly car users 
belong to high income category. This would help 
in collecting revenues which can be used for the 
improvement of road infrastructure especially 
public transport system although it may not have 
significant influence on travel behavior of car users. 
Motorcycle and public transport users have negative 
attitudes towards acceptance of increase in parking 
charges. This is due to low income of these groups 
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compared to car users because increase in parking 
charges would put extra burden on their income. 

3.2.2.6 Carbon tax on gasoline: The modeling 
results reveal that education is the only significant 
variable and it has positive relationship with this 
strategy. It means people having high education have 
more value of environment, and aware well about 
the negative consequences of fuel consumption. 
Therefore, they have more willingness to pay 
carbon tax on gasoline for reduction of air pollution. 
Similarly, high income people and current car users 
have positive perceptions towards increase in 
carbon tax on gasoline. However, low and middle 
income people have low willingness to pay carbon 
tax on gasoline as public transport and motorcycle 

users. This is due to social impacts of increase in 
taxes on gasoline because such increase always 
cause inflation and put additional burden on low and 
middle income people. It is suggested that social 
impacts must be considered in increasing taxes 
on gasoline, and differential type fuel pricing can 
be adopted in order to reduce these impacts. The 
imposition of this tax would also help in reducing 
air pollution.

3.2.2.7 Road tax: In this model, only variables of 
education and public transport users are significant. 
Highly educated people have positive attitudes 
towards increase in road tax for improvement of 
traffic conditions in the city. It means that highly 
educated people have more awareness about traffic 

Table 5. Results of ordinal logit modeling. 

Explanatory 
variable 

TDM Measures 
Advance traffic 

information Tele-work Office based 
transport Public transport improvement 

PV t-value PV t-value PV t-value PV t-value 
Gender .603 -2.346 .043 .632 -.159 .977 .393 -1.985 
Education .499 -2.738 .417 -2.633 .298 -2.071 -.082 -.058 
Personal income .002 -1.676 .068 -1.027 .301 -2.01 .132 -1.429 
Car users -.021 -1.504 -.197 -.467 -.032 .865 .304 -1.008 
Motorcycle 
users -.293 .847 .369 .526 -.315 1.871 .539 1.321 

Public transport 
users .079 -1.299 -.075 -.307 .092 -1.968 .154 -.602 

L(0) -425.42 -520.87 -518.65 -445.10 
L( ) -410.57 -511.04 -511.83 -436.33 

2 0.035 0.018 0.013 0.019 

 
Variable 

                                                  TDM Measures 

Parking charges Carbon tax on 
gasoline Road tax Explanatory variables 

PV t-value PV t-value PV t-value 

Gender: 1 for female otherwise 0, 
education: 1 for education below 
bachelor otherwise 0, personal 
income: 1 if less than 20,000 
otherwise 0, car users: 0 if use car 
otherwise1, motorcycle users: 0 if 
use motorcycle other wise1, 
public transport users: 0 if use 
public transport otherwise 0 

Gender -.284 2.554 -.066 .904 -.038 .041 
Education .380 -2.587 .281 -1.971 .412 -2.858 
Personal income .095 -.687 .125 -.931 .219 -1.782 
Car users -.120 -1.120 .078 -.446 .211 -1.065 
Motorcycle 
users -.246 1.079 -.144 -.296 -.128 .652 

Public transport 
users -.350 -1.042 -.200 -1.180 -.295 -2.027 

L(0) -499.83 -521.06 -514.71 
L( ) -490.21 -504.81 -504.78 

2 0.020 0.031 0.021 
 

Note: PV: Parameter value; 2= 1-{L ( )/ L (0)} 
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situation in Lahore as they travel more. Car users also 
have positive attitudes towards willingness to pay 
road tax where as motorcycle and public transport 
users have negative attitudes. This is, because car 
users mainly belong to high income category, and 
public transport and motorcycle users belong to low 
to middle income class respectively. It implies that 
car oriented class is willing to pay taxes in order to 
have better road infrastructure, and use congestion 
free roads. Therefore, this potential can be utilized 
for collection of revenue for the improvement of 
traffic conditions in city by targeting this specific 
group. Collected revenues can also be used for the 
improvement of public transport system in order 
to keep existing users and to attract auto users for 
proper modal shift.  

4. CONCLUSIONS AND IMPLICATIONS

This paper focuses on evaluation of travel pattern, 
and relationship among respondent’s socio-
economic characteristics and attitudes towards 
selected TDM measures. Initially, cross analysis 
among vehicle ownership and modal share identifies 
four segments i.e. car oriented, motorcycle oriented, 
public transport oriented and non-motorized 
mode oriented. A comparison was made among 
four segments for SEDs and perception to TDM 
measures. The cross analysis depict that public 
transport and non-motorized modes are modes of 
low income people, and motorcycle is dominant 
mode in middle income group. Public transport and 
non-motorized modes are modes of poor people, and 
these people have low tendency for shopping and 
recreational trips. This analysis further identifies 
two types of travel behavior i.e. auto-dependent 
behavior of people who have private vehicle, 
and captive behavior of people who do not have 
private vehicle. The perceptions to TDM strategies 
among four segments also vary. The acceptance 
level for fiscal measures is lower compared to 
other measures. However, acceptance level can be 
enhanced by highlighting the benefits to the public 
associated with implementation of each measure 
through social marketing and awareness programs. 

 The results of ordinal modeling reveal that 
education is the highly significant explanatory 
variable in determining the people’s attitude towards 
most of the policy measures. Higher education 

tends to enhance people’s awareness about the 
traffic conditions, and consequences of their own 
behavior. In return, this results higher acceptance 
of different strategies. Gender, income and existing 
travel mode are also significant determinants of 
specific policy measures. These variables related 
differently (positively or negatively) with different 
TDM measures. Survey and modeling results reveal 
that there is potential for promotion of tele-work 
and office based transport policies in Lahore for 
specific segment of travel market. Improvements in 
public transport would help in making promotion 
from private vehicle to public transport as auto 
users have positive attitudes towards this strategy. In 
addition, imposition of fiscal measures such as fuel 
and road taxes on car use would help in restricting 
the potential car users on their existing mode, and 
collection of revenues from car users that can be 
used to improve the road infrastructure and public 
transportation. Optimal ranking was proposed based 
on average response from all groups of respondents. 
The provision of advance traffic information is 
ranked as first, public transport second, traffic 
education and awareness programs third, tele-work 
forth, willingness to pay road tax fifth, organization 
based transport  service  sixth, carbon tax on gasoline 
seventh and increase in parking charges eighth. 
This ranking implies that incentive or pull measures 
need to initiate first which should be followed 
by push or disincentives measures. In addition, 
theoretically it can be suggested that integration 
among pull and push measures is much important 
in implementation because any strategy alone 
cannot be effective in changing the travel behavior 
[2, 23–24] although combination of measures are 
not considered in this study. For example, public 
transport improvement should be integrated with 
parking control measures such as imposition of 
parking charges in commercial as well as in public 
transport service area. Imposition of car usage 
related taxes (fuel taxes, road taxes) could also help 
in reducing transport sector externalities. Similarly, 
education and awareness programs need to initiate 
in conjunction with strict implementation of traffic 
rules. This study recommends determining the 
desire service quality of each segment especially 
auto users, and suggests the improvement in public 
transport accordingly. The assurance of good quality 
public transport would help to keep existing users, 
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and attract auto users. 

 Fig. 2 explains the process of consideration of 
TDM measures for implementation in Lahore city as 
well as similar cities of other developing countries. 
It is suggested that advance traffic information, 
education and awareness programs need to introduce 
in combination because traffic information system 
or media can also be used to educate the people 
about transportation problems and their effective 
solutions. These measures should be followed by 
trip reduction measures such as public transport 
improvement, tele-work opportunities and office 
based transport service. Finally, fiscal restrictions 
should be imposed on car use i.e. parking charges, 
fuel tax on gasoline and other car usage taxes in 
order to enhance the effectiveness of trip reduction 
measures. This study would provide a clear 
understanding of travel behavior pattern of people 
having different socio-economic characteristics to 
transport planners and policy makers for making 
appropriate set of TDM policies in order to change 
travel behavior, and reduce auto-dependency. 
However, proper attention is required in selection 
combinations of different measures. Future studies 
need to focus on evaluation of packages of TDM 
measure as combined measures are more effective 
in changing travel behavior. In addition, attitudinal 
and behavioral aspects of travellers also need to 
consider in evaluating the packages of measures.  
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