
i 
 

Potential of Park and Ride Scheme at BRT Peshawar 

 

 

Talha Haroon Khan 

(00000206202) 

 

A thesis submitted in partial fulfillment of the 

The requirements for the degree of 

Master of Science 

In 

Transportation Engineering 

 

 

Department of Transportation Engineering 

National Institute of Transportation (NIT) 

School of Civil & Environmental Engineering (SCEE) 

National University of Sciences and Technology (NUST) 

Islamabad, Pakistan 

(2020) 

 



ii 
 

THESIS ACCEPTANCE CERTIFICATE  

 

Certified that final copy of MS thesis written by Mr. TALHA HAROON KHAN 

(Registration No.00000206202) of (NIT-SCEE), has been vetted by undersigned, 

found complete in all respects as per NUST Statutes / Regulations, is free of 

plagiarism, errors, and mistakes and is accepted as partial fulfillment for award of 

MS degree. It is further certified that necessary amendments as pointed out by GEC 

members of the scholar have also been incorporated in the said thesis. 

 

 

              Signature: ___________________________ 

              Name of Supervisor: Dr. Sameer-Ud-Din 

                                                              Date: _______________________________ 

 

 

                                                              Signature (HOD): ____________________ 

              Date: _______________________________ 

 

 

                                                              Signature (Dean/Principal):_____________ 

         Date: _______________________________ 

 

 

 

 

 

 



iii 
 

Potential of Park and Ride Scheme at BRT Peshawar 

 

 

 

By 

Talha Haroon Khan 

(00000206202) 

A Thesis 

Of 

Master of Science 

Submitted to 

 

 

Department of Transportation Engineering 

National Institute of Transportation (NIT) 

School of Civil & Environmental Engineering (SCEE) 

National University of Sciences and Technology (NUST) 

Islamabad, Pakistan 

 

 



iv 
 

 

 

 

 

 

 

 

DEDICATED 

TO 

PARENTS, SIBLINGS, 

TEACHERS AND FRIENDS  



v 
 

ACKNOWLEDGMENTS 

In the name of Almighty ALLAH, the most Merciful, the Beneficent. All praise is 

only for ALLAH who is our Creator and always planned the best for us. I am grateful 

to Almighty ALLAH for His countless blessings and mercy bestowed upon me 

through the difficulties of life and I seek His guidance, and pray to Him for blessings 

and ease throughout this life and the life to come. 

I am in debt of gratitude to my research supervisor Dr. Sameer ud Din for his 

guidance, motivation and constant encouragement throughout this journey. I 

sincerely appreciate the valuable time and personal support accorded by him. I am 

also extremely grateful to Engr. Malik Saqib Mahmood for his guidance throughout 

this period. Similarly, I am also obliged to Dr. Jawed Iqbal and Engr. Nasir Ali for 

their guidance through the research phase. 

I am very grateful to all the concerned authorities for providing me data regarding 

this research. At the end, I would like to pay my earnest and honest gratitude to my 

family, especially my brother for his unconditional support, encouragement and 

patience. 

 

 

 

Talha Haroon Khan 

 

 

 

 

 

 

 

 

 



vi 
 

 

TABLE OF CONTENTS 
ACKNOWLEDGMENTS ................................................................................ v 

LIST OF ABBREVIATIONS .......................................................................... ix 

LIST OF TABLES ........................................................................................... x 

LIST OF FIGURES ......................................................................................... x 

ABSTRACT .................................................................................................... xi 

CHAPTER 1 ..................................................................................................... 1 

1 INTRODUCTION ..................................................................................... 1 

1.1 Background ................................................................................................ 1 

1.2 Problem Statement ..................................................................................... 2 

1.3 Research Objectives ................................................................................... 2 

1.4 Organization of thesis ................................................................................. 3 

CHAPTER 2 ..................................................................................................... 4 

2 LITERATURE REVIEW .......................................................................... 4 

2.1 General ....................................................................................................... 4 

2.2 Existing Transport System ......................................................................... 5 

2.3 Remedies to Mitigate Congestion .............................................................. 9 

2.4 Mode Choice Modeling ............................................................................ 10 

2.5 Factors Affecting Mode Choice ............................................................... 14 

2.6 Modal Shift in Similar Schemes ............................................................... 15 



vii 
 

2.7 Parking Studies ......................................................................................... 16 

2.8 Regression Analysis ................................................................................. 20 

CHAPTER 3 ................................................................................................... 22 

3 METHODOLOGY .................................................................................. 22 

3.1 Data Collection ......................................................................................... 22 

3.2 Sample Details .......................................................................................... 23 

3.3 Model Development ................................................................................. 27 

3.3.1 Modal Shift Analysis ........................................................................ 27 

3.3.2 Parking Analysis ............................................................................... 28 

3.3.3 Parking Analysis of Motorcycles ...................................................... 29 

3.4 Model Validation ...................................................................................... 30 

CHAPTER 4 ................................................................................................... 31 

4 RESULTS AND DISCUSSION ............................................................... 31 

4.1 Results of Model Development ................................................................ 31 

4.2 Parking Estimation ................................................................................... 32 

4.3 Discussion ................................................................................................ 34 

CHAPTER 5 ................................................................................................... 36 

5 APPLICATIONS AND CONCLUSIONS ............................................... 36 

5.1 Applications of Developed Models .......................................................... 36 

5.2 Conclusions .............................................................................................. 37 



viii 
 

5.3 Recommendations .................................................................................... 37 

REFERENCES: ............................................................................................. 38 

APPENDIX 1 ................................................................................................. 42 

Questionnaire Survey Form ................................................................................ 42 

BRT Route Map .................................................................................................. 44 

Bus Station Code ................................................................................................. 45 

APPENDIX 2 ................................................................................................. 46 

Questions asked in the defense ............................................................................ 46 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ix 
 

List of Abbreviations  
 

BRT -      Bus Rapid Transit 

SP    -    Stated Preference 

RTA -     Road Traffic Accidents 

RP    -     Revealed Preference 

MMP-  Mott Mac Donald Pakistan 

PC    -  Passenger Cars 

MC   -  Motorcyclists 

OVTT-  Out of Vehicle Travel Time 

PKR   -  Pakistani Rupee 

 

 

 

 

 

 

 

 

 

 

 

 



x 
 

List of Tables 

Table 1:  Equations Developed from Models ......................................................... 31 

Table 2:  Results from Developed Models ............................................................. 32 

Table 3:  Parking Estimation ................................................................................... 33 

 

 

 

List of Figures 
Figure 1:   Age Distribution .................................................................................... 23 

Figure 2:   Gender Distribution ............................................................................... 24 

Figure 3:   Ridership on BRT on the basis of purpose ............................................ 24 

Figure 4:   Willingness of OVTT ............................................................................ 25 

Figure 5:   Parking Demand of commuters willing to park vehicles ...................... 25 

Figure 6:   Parking Charges obtaine from survey ................................................... 26 

Figure 7:   Subsidies people are expecting for parking the vehicles ....................... 26 

 

 

 

 

 

 

 

 

 

 



xi 
 

Abstract 
 

Bus Rapid Transit (BRT) is considered as a vital component of a transportation 

system as it offers a lower investment cost, flexible implementation and a more 

advanced urban system. Along with BRT, Park and Ride scheme offers an efficient 

solution to modern-day traffic complications with a proficient urban infrastructure 

and a robust economy. This study evaluated the potential of modal shift from private 

vehicles to BRT in Peshawar as it provided an increased level of service to the 

commuters. Similarly, the potential of park and ride scheme at BRT Peshawar was 

assessed for the provision of parking lots at particular stations. Multinomial 

regression was used to assess the data obtained by the Stated Preference (SP) survey. 

The three main areas that were considered regarding public transport users were 

socioeconomic, trip and parking characteristics. It was observed that travel time, out 

of vehicle travel time and travel cost along with some socioeconomic factors 

including age, education, and income level affect the mode choice and parking usage. 

The study revealed that still most of the people will prefer private vehicles for 

commuting purposes. It also revealed that middle-class people are more likely to 

utilize the facility. The modal shift and parking usage can be augmented by providing 

subsidies, improving the level of service and implementation of policies that restrain 

car usage. 
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CHAPTER 1 
 

1 INTRODUCTION 
 

1.1 Background 
 

               Transportation is inextricably linked with economic development, social 

progress and the qualitative life of an urban system.[1] For improving these parameters, 

the road infrastructure of a city always needs to be planned for the betterment of all 

aspects of a system.[2] One of the major components of the urban transportation system 

is passengers that have increased throughout the world over the past few decades due to 

an increase in the population, urban migration and an increase in economic activities. 

This has increased the ridership in the cities but the current system is incapable of holding 

the increased volumes of passengers.[3] The existing transport system has caused 

unnecessary delays, salvage costs, high energy consumption and more specifically has 

augmented RTA’s due to its poor condition.[4] 

           In Pakistan, the traffic system modifications are desperately needed to make daily 

travel easier and faster. The former system has lost the capability to handle the emerging 

traffic mass. Peshawar, the capital of Khyber Pakhtunkhwa, comprising of about 1275 

km2 and a population of 2,133,000 is experiencing the same grim situation of growing 

traffic. With increasing economic activities and uncontrollable population growth, 

efficient mobility in the city has become problematic. The traffic system in the city is 

highly heterogeneous consisting of a wide variety of traffic e.g. private vehicles, taxis, 

rickshaws, buses, wagons, motorcycles and cycles. People usually preferred buses and 

wagons as a cheaper mean of commuting but urbanization in the near past has shifted the 

mode towards private vehicles. Further due to an increase in wealth profile, cars and 

motorcycles have become affordable and passengers are preferring private over public 

vehicles for increased mobility, safety, time-saving and comfort purposes.[5] Moreover, 

people are also reluctant to travel via public transport due to status issues.[6] Regarding 

public transport, buses and wagons are operating at a speed of 11km/hr which is far below 

than 25km/hr (standard operating speed for public transport).[7] The reason for this 

reduction of speed is the difficulty of large vehicles to maneuver through congested 
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traffic. Whereas taxis were charging double fares and people were not preferring this 

mode as well.[8] Thus, all these issues have caused a high passenger car and motorcycle 

share. For this high volume of traffic, there are no parking facilities which have promoted 

curb-side parking and hence led to the congestion.[9] The existing highly congested 

traffic has deteriorated air quality, increased noise and vibrations and emission of 

maximum toxic gases.[10] This is an alarming situation for the city’s public transport. 

       Therefore, an improved system with a dedicated bus lane and special parking lots 

was inevitable to save the time and money of the citizens. Hence, Bus Rapid Transit 

(BRT) systems have gained worldwide popularity as a cost-effective alternative and best 

solution to address all the aforementioned issues.[2,11,12] It will reduce the accidents, 

congestion, fuel consumption and emission of toxic gases in the city.[13,14] 

1.2 Problem Statement 
 

              Peshawar was experiencing severe traffic congestions and travel delays in the 

near past due to increase in private car ownership. The increasing demand of vehicles 

caused needless interruptions to overall traffic system. Moreover, due to scasrcity of 

parking lots in the hubs, commuters had to manuever through heavy traffic to reach to 

their destination. Studying of travel behavior and modal preference of commuters is 

essential for understanding the timings and various modes used for travel which in turn 

help in the understanding of type and number of vehicles in a traffic stream. Similarly, 

perceiving the traveler’s choice for parking helps in estimating parking demand in the 

conurbation. 

1.3 Research Objectives 
 

This study aims to find the probable modal shift of private vehicles (cars and 

motorcycles) users to BRT and the potential of Park and Ride Scheme at BRT. The 

study is based on the stated preference (SP) approach used for surveying on the 

particular stations. The modal split models were developed to predict the choices of 

passenger car users and motorcycle users to use BRT. The parking spaces have been 

estimated for the commuters intending to utilize Park and Ride facility. 

 This study aimed at achieving the following objectives: 
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 To find the modal shift of passengers from private vehicles (car and motorcycles) 

to BRT. 

 To identify the parking spaces for Park and Ride Scheme at stations at BRT 

Peshawar. 

 

1.4 Organization of thesis 
 

This thesis is composed of five chapters and the detail of each chapter is discussed below. 

Chapter 1: Includes the background of the study, research objectives and problem 

statement. 

Chapter 2:  Iticonscripted ithe ireview iof iprevious istudies iregarding imodal ishift iand 

iparking ianalysis. It includes literature review on different approaches applicabe to 

estimate the modal shift and parking demand nationally and internationally. 

Chapter 3: This chapter explains the methodology adopted and each step of the 

methodology is explained in this chapter. The analysis is also explained in this chapter. 

Chapter 4:  It includes the results and discussion on the developed models.  

Chapter 5: It includes the applications of developed models and conclusion with future 

recommendations to increase ridership on BRT. 
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CHAPTER 2 

2 LITERATURE REVIEW 
 

2.1 General 

 
               This chapter contains the literature review and the associated theory behind the 

mode choice modeling of student commuters which have been carried out in various 

countries. The details of the survey conducted and the questions asked of the respondents, 

the methodology used, and type of model developed and a summary of the results of past 

literature are also discussed.  

One iof ithe imajor icomponents iof ithe iurban itransportation isystem iis ipassengers ithat ihave 

iincreased ithroughout ithe iworld iover ithe ipast ifew idecades idue ito an iincrease iin ithe 

ipopulation, iurban imigration iand an iincrease iin ieconomic iactivities. This ihas iincreased 

ithe iridership iin ithe icities ibut ithe icurrent isystem iis iincapable iof iholding ithe iincreased 

ivolumes iof ipassengers. Largely dense cities desperately need improved and expanded 

public transport service and not personal vehicles. This requires both an increase in 

quantity as well as the quality of bus transport services and effective application of 

demand management as well as supply-side management measures. One iway iof 

iachieving ithis igoal iis ithe iprovision iof ireserved ibus ilanes ion imajor iurban iroads. The 

provision of exclusive road space, thus, will enhance the level of service of buses and this 

may also result in a shift of some of the personal vehicle users to buses. It was found that 

the factors which influence ithe iintentions iof ithe isingle-occupant icommuters ito iswitch ito 

ibuses iand icarpools iand isuggested ioperating ipolicies iconsistent iwith ithe iintent ito 

iencourage ithe iuse iof ihigh-occupancy ivehicles. They ifound ithat iin ibuses, iconvenience iis 

ithe imost iimportant ivariable iassociated ito ishift. They ialso ifound ithat iperceptions iof 

icarpool icomfort ido inot iappear ito ibe iimportant, irather, perceptions of carpool schedule 

flexibility, icost, isafety iand ia ishort iwait iin itraffic iwere ifound ito ibe ithe iprime ifactors 

iassociated iwith ithe ipotential ishift ito icarpool. 

Another istudy iidentified idifferent ipolicy iactions ito ireduce icar iuse ifor idifferent itypes iof 

itrips iand ithe iactions ithat iare irequired ito imeet ithe itravel ineeds ithat ithe icar icurrently 

ifulfills. The ievidence ion iwhy ipeople iused itheir icars ifor ia iset iof ireal ishort itrips iis 

iconsidered iin iterms iof iseveral idimensions iincluding iage, igender, iand itrip ipurpose. This iis 
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ifollowed iby ia idiscussion iof ithe ialternative imodes ito ithe icar ithat idrivers isay ithat ithey 

imight iadopt iand ithe ifactors ithat iwould imake ithem iconsider iswitching ito ithese 

ialternatives. [3] 

2.2 Existing Transport System 
 

                  The iexisting itransport isystem ihas icaused iunnecessary idelays, isalvage icosts, 

ihigh ienergy iconsumption iand imore ispecifically ihas iaugmented iRTA’s idue ito iits ipoor 

icondition. Road-based passenger mobility has increased tremendously over the years. 

The rapid increase in motorized mobility during the last two decades or so is primarily 

due to an increase in urban population as a result of both internal growth and migration 

from rural areas and small towns. In ithe iabsence iof ian iadequate iand iefficient ibus itransit 

isystem, ithe ipotential ibus iusers icurrently iuse iprivate itransport imodes imainly imotorized 

itwo-wheelers iand, ito isome iextent, icars. iAlso, isome iof ithem iresort ito iusing ianother ipara-

transit imode icalled iauto-rickshaws.iThus, ia ilarge inumber iof iprivate iand ipara-transit 

ivehicles ihave ientered ithe imarket ito imeet itravel idemand. iAs ithe iavailable iroad ispace iis 

ilimited, ithe iproliferation iof ithese ivehicles iresults iin isevere icongestion, iinordinate idelay, 

ihigh-energy iconsumption, iand iintense ipollution iof ithe ienvironment. 

The ivehicles ioccupy ilateral iposition ion ithe iroad, idepending ion ithe iavailability iof iroad 

ispace, iat ia igiven iinstant iof itime iwithout iany ilane idiscipline iand iit iis inearly iimpossible ito 

iimpose ilane idiscipline iunder isuch iconditions. iUnder ithe isaid iheterogeneous itraffic iflow 

iconditions, ithe ibuses, ibeing irelatively ilarger ivehicles, ifind iit idifficult ito imaneuver 

ithrough ithe imixed itraffic iand iare isubject ito ifrequent iacceleration iand ideceleration 

ileading ito ilower ispeed iand idiscomfort ito iboth ithe idriver iand ipassengers. 

This also results in enormous delays and uncertainty to bus passengers and consequently, 

the level of service of buses gets reduced iconsiderably imaking ithe ibus, ia iless iattractive 

imode iof itransport. iMost iof ithe icities idesperately ineed iimproved iand iexpanded ipublic 

itransport iservice iand inot ipersonal ivehicles. iThis irequires iboth ian iincrease iin iquantity ias 

iwell ias ithe iquality iof ibus itransport iservice iand ieffective iapplication iof idemand ias iwell ias 

isupply-side imanagement imeasures. iThis igoal ican ibe iattained iby iencouraging ibus 

itransport iby iassigning ipriority ito iit. i 

One iof ithe icommon ibus ipreferential itreatments iis ithe iprovision iof ireserved ibus ilanes ion 

imajor iurban iroads ito ifacilitate ifaster imovement iof ibuses, iwhich iwill imake ithe imode imore 



6 
 

iattractive. iThe iprovision iof iexclusive iroad ispace, ithus, iwill ienhance ithe ilevel iof iservice 

iof ibuses iand ithis imay ialso iresult iin ithe ishift iof isome iof ithe ipersonal ivehicle iusers ito 

ibuses.iThis ipaper iis iconcerned iwith ithe istudy iof ithe ipossible ishift iof icar iusers ito ithe ibus 

ibecause iof ithe iincreased ilevel iof iservice iof ithe ibus, iafter ithe iprovision iof iexclusive ibus 

ilanes. [4] 

 i i i i i i i i i iIn iPakistan, ithe itraffic isystem imodifications iare idesperately ineeded ito imake idaily 

itravel ieasier iand ifaster. iThe iformer isystem ihas ilost ithe icapability ito ihandle ithe iemerging 

itraffic imass. Peshawar, the capital of Khyber Pakhtunkhwa, comprising of about 1275 

km2 and a population of 2,133,000 iis iexperiencing ithe isame igrim isituation iof igrowing 

itraffic. iWith iincreasing ieconomic iactivities iand iuncontrollable ipopulation igrowth, 

iefficient imobility iin ithe icity ihas ibecome iproblematic. iThe itraffic isystem iin ithe icity iis 

ihighly iheterogeneous iconsisting iof ia iwide ivariety iof itraffic ie.g. iprivate ivehicles, itaxis, 

irickshaws, ibuses, iwagons, imotorcycles iand icycles. iPeople iusually ipreferred ibuses iand 

iwagons ias ia icheaper imean iof icommuting ibut iurbanization iin ithe inear ipast ihas ishifted ithe 

imode itowards iprivate ivehicles. iFurther idue ito ian iincrease iin wealth profile, cars and 

motorcycles have become affordable and passengers are preferring private over public 

vehicles for increased mobility, safety, time-saving and comfort purposes.The rapidly 

increased demand for public transport is an inevitable issue confronted by the local public 

of the city nowadays. Developed countries have an organized system and modes of local 

transport for the public that are kept in mind over which concrete steps are taken to study 

various modes of transport.i[1] Major icauses iof itraffic icongestion iin iPeshawar iare 

iroadside iencroachments, iinappropriate icar iparking idue ito ithe iunavailability iof iparking 

ilots iand increase in private cars in about a decade.There are about 28,000 rickshaws in 

the city ithat iare ia imajor ifactor iof ienvironmental ipollution iin ithe iregion. 

Improvements in public transport are probable if a dedicated lane is planned for the 

mobility of public transport like BRT. This will provide comfort to the passengers as well 

as will release the onus on the roads for other private vehicles. Hence ithe imain igoal ito ibe 

iachieved iis ithe icost-effective imode iof itransport iand iorigin ito idestination itime 

ioptimization iof ipublic itransport iin iPeshawar. i[5] iMoreover, ipeople iare ialso ireluctant ito 

itravel ivia ipublic itransport idue ito istatus iissues. iMany icase istudies ihave ishown ithat iBRT 

ican ibe ia icost-effective iway ito iprovide ia ihigh-performance itransport iservice. 



7 
 

Besides, BRT is recommended to realize the low carbon society target for Asian 

developing cities since BRT would shift private vehicle users to a transport sector that 

emits lower CO2. Many iprevious istudies ihave iproposed iintegrated istrategies iwith iBRT 

isystems ito icope iwith iurban isprawl iin ideveloping iAsian icities. Due ito ithe ipoor iservice iof 

iexisting ipublic itransport iand icheap imotorcycle iuse, imany ideveloping iAsian icities ihave ia 

ivery ihigh iprivate ivehicle ishare, iespecially ifor imotorcycles. [13] Thus, iit iis ivery 

ichallenging ito iencourage ia imodal ishift ifrom imotorcycle ito iBRT. Previously, isome 

istudies iproposed ipolicies iand iplanning iof ibus isystems iin imotorcycle idominated 

icommunities. 

It iis inot ieasy ito iachieve ithe ihigh imodal ishift ito iBRT iin ideveloping icountries iwhere ian 

iincrease iin iwealth iprofile iis imaking iprivate ivehicles ia imore iaffordable imeans iof 

itransport, ias iwell ias iconferring ielements iof istatus icausing ia ihigh ipassenger icar i(PC) iand 

imotorcycle i(MC) ishare. Some ipassenger icar iusers ifrom ihigh-income ifamilies iprefer itheir 

iexisting imode ibecause iof icomfort, iprivacy, iand istatus iconsiderations. The iplanning iof 

iBRT iis iintended ito iincrease ithe iattractiveness iof ibus itransport iand iaffect imodal ishift ifrom 

iprivate ivehicles. 

Previously, ithe irelative ipassenger iattractiveness iof iBRT isystems icompared ito iother 

itransit imodes iby iusing ia itrip iattribute iapproach iwas iexamined. The study examined how 

passengers valued trip attributes for on-street bus, BRT, and light rail and heavy rail 

systems in passenger behavior researches iconducted iin imany icountries. The ilower icosts 

ifor iBRT isystems icompared ito irail imay ibe iused ito iclaim icost-effectiveness iadvantages ifor 

iBRT. [6] 

Regarding public transport, buses and wagons are operating at a speed of 11km/hr which 

is far below than 25km/hr (standard operating speed for public transport). The reason for 

this reduction of speed is the difficulty of large vehicles to maneuver through congested 

traffic. Whereas taxis were charging double fares and people were not preferring this 

mode as well.An efficient and cost-effective public transport system is essential for the 

daily mobility of people. 

BRT system is recognized as amongst the most effective solutions in providing high-

quality transit services on a cost-effective basis to urban areas both in the developed and 

developing world. BRT is a high-quality, customer-orientated transit that delivers fast, 

comfortable and cost-effective urban mobility. BRT system at a corridor may be achieved 
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by considering improvements to the existing infrastructure, vehicles and by proper 

scheduling. The improvements can be made in existing infrastructure, vehicles, riding 

quality, increasing the capacity and proper scheduling. [7] 

There iare i4 itypes iof ivehicles ioperating as ipublic itransport ivehicles iin iPeshawar. The 

ibiggest icapacity iis iMinibus, iwhich ialso ihas itwo isub-types: Mazda minibus and Bedford 

buses. Both sub-types have a similar size of approximately 8 meters long with a capacity 

of 41 passengers inside the bus. iThe isecond ivehicle itype iis ithe iFord iwagon, iwith ia 

icapacity iof i15 ipassengers.In iaddition ito ithe iabove, the Suzuki vans start to gain some 

public transport market shares, with at least 14 routes plying on Peshawar road. Small 

people carrier called Qing qi – named after the Pak-Chinese based motorcycle brand iused 

ias ithe ivehicle, iare ialso ioperating iin iPeshawar iand irelatively ipopular ifor ishort-distance 

itrips. [8] 

Thus, iall ithese iissues ihave icaused ia ihigh ipassenger icar iand imotorcycle ishare. iFor ithis 

ihigh ivolume iof itraffic, ithere iare ino iparking ifacilities iwhich ihave ipromoted icurb-side 

iparking iand ihence iled ito ithe congestion. This unprecedented growth has led to urban 

sprawl, dependency on motorized transport, and increased parking space demands 

throughout the city limits. Parking on the roads and sidewalks has resulted in a reduction 

in traffic capacity, traffic speed variation, accidents and disruption in the smooth flow of 

traffic. 

Though ithe igovernment ihas iadopted imeasures iin ithe ipast ito istreamline iroadside iparking 

iactivities, ithese iefforts ihave iproved icounter-productive. With the rapid increase in private 

transport modes, the menace of curbside parking has clung to several metropolitan cities 

across the world. To seriously cope with this situation, many cities have employed several 

techniques and strategies to manage curbside parking using geometry, timing, pricing, 

technology, and enforcement. [9] The existing highly icongested itraffic ihas ideteriorated 

iair iquality, iincreased inoise iand ivibrations iand iemission iof imaximum toxic gases which 

was an alarming situation for the city’s public transport. 

                Therefore, an improved system with a dedicated bus lane and special parking 

lots was iinevitable ito isave ithe itime iand imoney iof ithe icitizens. iHence, Bus Rapid Transit 

(BRT) isystems ihave igained iworldwide ipopularity ias ia icost-effective ialternative iand ibest 

isolution ito iaddress iall ithe iaforementioned iissues.[2, i11, i12] iIt iwill ireduce ithe iaccidents, 

icongestion, ifuel iconsumption iand iemission iof itoxic igases iin ithe icity. iFurther, iit iwill ihelp 
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iin iimproving ithe ienvironmental iconditions iof ithe iroad. iThe iplanning iof iBRT iis iintended 

ito iincrease ithe iattractiveness iof ibus itransport iand iaffect imodal ishift ifrom iprivate 

ivehicles. 

2.3 Remedies to Mitigate Congestion 

                         Since long, it has been a concern iof ievery igovernment ito iget ipeople 

ishifted ifrom ipersonal ivehicles ito ipublic itransport. The out of date transport systems are a 

threat to the economies and environments of the societies. Currently, people are not 

willing to shift from their private vehicles towards public transport because the existing 

public transport systems are deprived of the basic desires people are expecting. After a 

iseries iof istudies, iit ihas ibeen idetermined ithat iBus iRapid iTransit iis ithe ibest iprobable 

isolution ito ithe iprevailing itraffic iconditions. iBus iRapid iTransit iis iworldly iadopted ias ia 

ifruitful imeasure ifor iurbanized iareas ito iprovide ipeople iwith ian iefficient iand isafe imode iof 

itransportation. i 

 i i i i i i i iIn iprevious istudies, iit ihas ibeen iobserved ithat ithe imodal ishift ifrom ipersonal ivehicles 

ito iBRT ioccurs ias iBRT igains icomparatively imore iadvantages ithan iprivate ivehicles. iThis 

iadvantage imay ibe iin ithe iform iof icost, icapacity, iflexibility, isafety, icomfort, iand 

ireliability. iThe iimprovement iof ithese ifactors iis ikey ito iattract imore icommuters iout iof itheir 

ivehicles. iA imodal ishift ioccurs iwhen ione imode igains ia icomparative iadvantage iin ia itravel 

imarket iover ianother. iThe icomparative iadvantage ican itake ivarious iforms, isuch ias icosts, 

icapacity, itime, iflexibility, ior ireliability. iDepending ion ithe ikind iof ipassengers itraveling 

iand itheir icircumstances i(socio-economic icharacteristics, ipurpose iof itrip, ietc.), ithe 

irelative iimportance iof ieach iof ithese ifactors ivary.  

It iis inecessary ito iimprove ithe iperformances iof ia itraffic inetwork iwhich ican ibe ione iof ithe 

ibasic itasks iof itransport iplanning. iThe idevelopment iof inew iservices isuch ias iPark i& iRide 

isystems, iindividualized ipublic itransport iservices ias iwell ias ithe icreation iof itransport iplans 

i(car-pool, icar-share) ican isignificantly ireduce ithe inumber iof iindividual ivehicles ientering 

ithe iurban iarea, ithus ireducing icongestion ilevels iand iimproving itraffic iflow 

iperformances.iOne iof ithe ipossible isolutions iis ito idevelop iintegrated itransport istrategies 

iand icreate iconditions ineeded ifor ithe inew iservices ito ibe ideployed i(Park & Ride systems, 

carpool/car-share plans, individual public transport services, congestion charging policy, 

demand-responsive services, etc.) The main goal of these strategies is to influence traffic 

behavior to achieve a modal shift towards cleaner and energy-efficient modes (public 



10 
 

transport, cycling traffic, walking, etc.).To ido ithis, icertain idata icollection iprocess ion ithe 

icurrent istate iof itraffic isystem imust ibe iundertaken. [10, 13, i14] 

2.4 Mode Choice Modeling 

The ifactors, iwhich iinfluence ithe iintentions iof ithe isingle-occupant icommuters ito iswitch ito 

ibuses iand icarpools iand isuggested ioperating ipolicies iconsistent iwith ithe iintent ito 

iencourage ithe iuse iof ihigh-occupancy ivehicles. iThey ifound ithat iin ibuses, iconvenience iis 

ithe imost iimportant ivariable iassociated iwith ithe ishift iintention. iThey ialso ifound ithat 

iperceptions iof icarpool icomfort ido inot iappear ito ibe iimportant, irather, iperceptions iof 

icarpool ischedule iflexibility, icost, isafety, iand ia ishort iwait iin itraffic iwere ifound ito ibe ithe 

iprime ifactors iassociated iwith ipotential ishift ito icarpool.iOn ithe ibasis iof ithese imodal 

icharacteristics iand ithe idifferent iservice istrategies ioffered, ipeoples’ iperception iand itheir 

iprobability iof iselecting ithe iproposed isystem iare ipredicted. iThe iresults ishow ia iwide irange 

iof ipeoples’ iperception iand itheir iprobability iof ichoosing ithe ibetter iservice.iBinary iLogit 

imodels iwere ideveloped iinvolving icar iand ibus iand icar iand itrain. iThe imost iimportant 

ivariables, ifound ilikely ito iencourage ithe iuse iof ipublic itransport, iwere ias ifollows: reduced 

travel time, walking distance to public transport stations, and subsidized fare.  

A study revealed the citizens’ perceptions of the bus condition, as a determining factor 

for their ichoice iof ibus itransportation, iand ideveloped ia ibinary iLogit imodel ito ianalyze 

itraveler ichoice behavior. The result of this study shows that citizens’ perceptions of the 

three chosen bus-transit condition aspects (fare, convenience, and frequency) have a 

significant influence on public-transport-mode choice. Discrete choice models are 

developed to identify the role that socioeconomic and demographic characteristics of 

households have on the propensity to the use of car and public transport. 

A paper iidentified idifferent ipolicy iactions ito ireduce icar iuse ifor idifferent itypes iof itrips iand 

ithe iactions ithat iare irequired ito imeet ithe itravel ineeds ithat ithe icar icurrently ifulfils. iThen, 

ithe ievidence ion iwhy ipeople iused itheir icars ifor ia iset iof ireal. iThe ianalysis iof iresults ifrom 

ithe isurveys ishows ithat, i“improving ipublic itransport” iis ithe ispecific iaction, iwhich idrivers 

isay, iis imost ilikely ito iattract ithem iout iof itheir icars. [4] Moreover, the mode choice also 

depends upon the socio-economic characteristics of the commuters and the purpose of 

the trip. The ishift ifrom ipersonal ivehicles iis iassociated iwith isystem iperformance, ipersonal 

iperceptions, iand ilocal icircumstances. iTraffic icongestion iis ione iof ithe imost icontentious 
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iurban iissues ifacing ipolicymakers itoday, iand ithe iassociated icosts ican ibe ihigh. It iis iin ithis 

icontext ithat ibus ipriority imeasures ihave ibecome ione iof ithe imajor iinstruments iused iby 

ipolicymakers ito iaffect imodal ishift. It iis iseen ito iinclude ibus iservices ithat iare, at a 

minimum, faster than traditional “local bus” services and that, at a maximum, include 

grade-separated bus operations. 

It iwas ialso iassessed ithat icustomer isatisfaction iwith iquality iimprovements iin ipublic 

itransport. iA itrip iattribute iapproach iwas iadopted ito icompare ithe ipassenger iattractions iof 

iBRT irelative ito iother ipublic itransport imodes iand ifinds ithat irail iholds ian iadvantage iover 

inormal ion-street ibus iservices ibut ithat, iin igeneral, ino isuch iadvantage iexists iover iBRT. 

They investigated iservice iattributes irelated ito ibus ipriority. Comfort iand itravel itime 

iattributes iwere iseen iamongst ithe imost iimportant iby iexisting iusers iof ithe iservice. iIn ithe 

icontext iof iexperimentation iconnecting iconsumer iattitudes ito ibehaviour, iand ioutlined 

irecent itransportation-related iattitudinal idata iapplications.iHowever, inone iof ithese istudies 

iinvestigates iattitudes iof icatchment iarea irespondents ito ibus ipriority iattributes. i[15] 

Access itime iand ioperational iconditions iof ipublic itransport ihave ialso iaffected ithe imode 

ichoice. iIncrease iin ithe inumber iof ipersonal ivehicles icreates iproblems isuch ias itraffic 

icongestion, iincrease iin inumber iof iaccidents, iparking iproblems iand ienvironmental 

ipollution.iObviously, iit iis inot ipossible ito iincrease ithe iroadway ifacilities isuch ias 

icarriageway iwidth iin iproportion ito ithe iincreases iin itraffic iin ithe icity. i[1] iThe igrowing 

ipopulation, iland idevelopment, icongestion, iand ithe iassociated ipollution ihas iconvinced 

ipeople ito ishift itowards ipublic itransport iand ihence iBRT. iSimilarly, ischedule iflexibility 

iand icycle itime iof ibuses ihave iconvinced ipeople ion ithe iselection iof ipublic itransport i(BRT) 

ifor itravel ipurposes. 

Therefore, iBRT imay i(or imay inot) iinvolve ithe iuse iof iexclusive irights-of-way, imay i(or 

imay inot) iinvolve ithe iuse iof itransit isignal ipriority, iand imay i(or imay inot) ibenefit ifrom ithe 

iuse iof iautomated ivehicle iidentification i(AVI) iand/or ilocation itechnologies. iRegardless 

iof ithe imix iof ifeatures ipresent, iBRT iprojects iare idesigned ito ioperate imuch ifaster iand imore 

ireliably ithan iconventional ibus itransit isystems i. iIn ia imajority iof iinstances iwhere ipolitical 

inecessity iwarrants ihigh-capacity itransit iconsideration i(i.e., ilight ior iheavy irail), iexclusive 

iright-of-way imay ibe iunattainable i(at ileast iwithin iany igiven iproject’s iavailable 

ibudget).The iuse iof icomputer itechnology ito iincrease ithe isophistication iof itraffic icontrol 

idevices, iimprove ifleet imanagement, iand iprovide ireal-time ipassenger iinformation ihas 
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idramatically ibroadened ithe ipotential ifor optimizing bus operations, reducing operating 

costs, and adding value to the travel time spent “ridesharing” in transit vehicles. Bus 

service usually competes for commuters and other customers at a significant operating 

disadvantage when compared to the automobile. Stopping ifrequently iand ihaving ito 

imaneuver iin iand iout iof ithe imainstream itraffic iflow i(which iis iusually ioccupied iby idrivers 

iwith ilittle iincentive ito ilet ithem iin), itraditional iintra iurban ibus iservices iare iperceived iby 

ithe ipublic ias ibeing itoo i“slow iand iunreliable” ifor itraveling iconsideration. 

On ithe iother ihand, iBRT iprojects ican igenerally ibe icompleted iin iphases ias ifunding iand 

iopportunity ipermit; ibecause iof iservice iflexibility, ieven ithe icore isegment ican ibe ileft ifor 

ilast. This iincremental idevelopment iprovides ian iopportunity ito ishow iprogress imuch 

iearlier ithan iwith imost irail iprojects. iGrade iseparation iand icrossing iprotection ifrom istreet 

itraffic iare iusually iprovided iin ieither iinstance. iOne iof ithe ibiggest ilimitations iof irail 

iservice iversus ibus iservice iis ithe ihigh icost iof idistributing ipassengers ito itheir iultimate 

idestinations. 

In iaddition, ithe icost iof imaintenance ifor ilightly iused ibranch ilines iis ionly imarginally iless 

ithan ithat ifor iheavily iused imainlines, ia ifact inot ilost ion icommuter ior ifreight irailroad 

imanagement. iRail itransit ioperators irely ion ifeeder ibus iservices ito iprovide ithis 

idistribution, ibut itime iand ifinancial itransfer ipenalties idampen ithe iattractiveness iof ithe 

imultiple-seat iride iand ifoster ithe iproliferation iof ipark-and-ride lots. BRT operations can 

overcome some transfer problems by operating branch service on local streets directly to 

the mainline. In general, idensely ideveloped ilinear icorridors iwith ireadily iavailable 

iexclusive irights-of-way iare ibetter isuited ifor irail irapid itransit ithan iBRT. 

In ipractice, iit iwould iappear ithat ithe ieffectiveness iof iBRT iapplications iusing iadvanced 

isignal iin imixed itraffic iexceeds ithe ipotential ieffectiveness ifor ilight irail itransit i(LRT) 

ioperating iin ithe isame ienvironment. iIn ithese icorridors, ioperating iin imixed itraffic imay ibe 

iinevitable, iand imixed-traffic ioperation iis iwithin ithe idomain iof iBRT. iAdvances iin 

iautomatic ivehicle ilocation i(AVL) iand itraffic isignal itechnology ioffer iopportunities ito 

ireduce itraffic ioverflowing iinto iresidential iareas ifrom ithe imajor iarterial iroads. 

To better compete with auto vehicles for mode share, transit services should adhere to 

scheduled performance parameters—whether by headways or by time point—and not run 

ahead of schedule. In the absence of exclusive rights-of-way, transit operators are isubject 
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ito ithe isame istreet itraffic iconditions ias iauto idrivers.iWhile iauto idrivers ioften ihave ithe 

iability ito iadjust ito idelays icaused iby inonrecurring ievents i(e.g., itraffic iaccidents, ifire 

ireroutes, ietc.) ithrough iroute ideviation, itransit ioperators iare irarely iafforded ithat 

iopportunity.iThe iimplementation iof ibus isignal ipriority ioffers ian iopportunity ifor itransit 

ioperators ito imaintain iboth icompetitive ioperating ispeeds iand ion-time iperformance. 

However, signal priority alone does not guarantee on-time performance and schedule 

adherence. To implement these features, transit signal priority needs to be provided on a 

more selective basis and only activated when the transit vehicle is operating behind 

schedule. iAnother ikey ielement ito isuccessfully iimplementing iBRT iis imarketing. iThe 

ipurpose iof imarketing iis ito idistinguish iBRT ifrom iconventional ibus iservice. iThe 

imarketing ifor iand ibranding iof iBRT iappears ito iinfluence ihow ithe ipublic, ithe ipress, iand 

ielected iofficials iwill irespond ito ithe iservice iand ifuture iflexibility iin iestablishing iprice 

ipoints. iIn iaddition, isize iand iappearance iapparently idoes imatter ifor iBRT. i 

Beyond ithe ifact ithat ithe iBRT iprogram iis iexpected ito iprovide ia ifaster, imore ihighly 

ireliable itrip ithan iconventional ibus iservice, ithere iare ipractical ioperational iand ipolitical 

ireasons ito iemphasize iBRT’s igreater icomfort iand iadvanced ifeatures iwith ithe ipublic. iThe 

idifficulty iencountered iin iconveying ithese iservice iaspects ilargely ireflects ithe iminimal 

iphysical idifferentiation ibetween iservice itypes iwhen ioperating iin imixed itraffic. iThe 

ipublic itransit iindustry ihas ibeen icollaborating iwith ithe iFTA iin ian ieffort ito idefine iBRT 

icharacteristics. i 

BRT ivehicles ican ioperate ipractically iin iany itraffic ienvironment, ibut ithe iprovision iof 

ilimited ior iexclusive iuse ican igive iBRT iits ispeed, ireliability, iand iidentity. iBRT irunning 

iways ican ibe ioperated ialmost ianywhere: ion iabandoned irail ilines, iwithin ia ihighway 

imedian, ior ion icity istreets. BRT isystems itypically ioffer ifast iand iefficient ifare icollection 

isystems ito ispeed iboarding iand iincrease iconvenience. iBRT isystems igenerally irely ion 

iadvanced idigital itechnologies ito iimprove icustomer iconvenience, ispeed, ireliability, iand 

isafety.iClearly, ithe iarray iof ifeatures iidentified iabove ineed inot ibe iunique ito iBRT. 

iHowever, ibecause ithey iare inot iyet iwidely iavailable iin iconventional ibus iservices, ithe 

iintroduction iof iseveral ielements ican isignificantly iset iapart iBRT ifrom iother ioperations iin 

ia itransit isystem i.[16] 
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2.5 Factors Affecting Mode Choice 

It iwas ifound ithat iin ideveloping icountries iapart ifrom itravel itime iand itravel icost, iage, 

igender, ieducation, icar iownership, ihousehold isize, iincome ilevel iand idistance ifrom ihome 

ito ipublic itransport ialso iinfluence ithe iindividual's imode ichoice. iHowever, ithe ireduction iof 

iout iof ivehicle itravel itime i(OVTT) iincreases ithe imodal ishare iof ipublic itransport.[17] iThe 

ipeople iat ithe iwalking idistance ifrom ithe ifacility imostly ipreferred ithis imode ithan ito iuse 

itheir iprivate ivehicles.[10] iPeople iusually ipreferred ito iaccess ithe iterminal istation ithan ito 

itransfer istations. iMoreover, iimproving ithe iquality iof ithe ienvironment iaround istations 

iencourages iand iattracts imore ipassengers. i 

Both idescriptive ianalysis iand iregression ianalysis ion ithe icommuter isurvey iare iconducted 

ito ireveal ithe iassociation. iDescriptive ianalysis iindicates ithat ithe iwalk iaccess idistance iin 

ithe imorning ipeak iis ilonger ithan ithat iin ithe iafternoon ipeak. iYoung icommuters iwalk 

ifarther ito iaccess ito istations ithan ichildren iand iolder ipeople. iThe iwalk iaccess idistance 

idecreases iwith iincreasing ihousehold iincome. Regression analysis, in particular, on the 

association between walk access distance and station context suggests that commuters 

walk farther to reach a terminal station but walk a shorter distance to arrive at a transfer 

station than to a typical station.[18] iThe ifeeder iservices iprovided ialong ithe iBRT iroute 

ihave iprovided ia ipick iand idrop ioption ifor ithe iusers iand ithe iwalking idistance iwas ireduced 

iwhich ihas increased the daily ridership of buses. Transport trip generation models are 

considered with an aim to improve the accuracy of transport generated trips. iInformation 

isystems iare ireviewed, iand i“smart igrowth” icriteria ithat icould iaffect ithe iaccuracy iof itrip 

igeneration imodels iare ialso identified.[19]  

           Currently, iin iAsian ideveloping icountries, icars iand imotorcycles ishare iare 

imaximum idue ito iits iconvenience. iTherefore, ian iimproved ipublic itransport isystem iwith 

iexclusive iand ipriority ilanes ineeds ito ibe ideveloped ion ihigh-density icorridors ior ion ithe 

iroutes iwhere ithe iexisting isystem iis iserving ipoorly. iIn isummary, ithe iproportions iof imodal 

ishift ifrom iprivate ivehicle iusers ito iBRT ihave ia ivery iwide irange idepending ion ivarious 

ifactors. iIt iwas isuggested ithat ithe iBRT isystem ishould ibe ideveloped ion ihigh idensity 

icorridors, ior ion icorridors ithat iare ipoorly iserved iby iexisting ibuses. iThis isystem iwould ibe 

ia ihigh iquality ibus isystem iwith irapid itransit ibased ioperation i(exclusive iand ipriority ilane 

iwith ihigh ifrequency iand ireliability). iEven iif ithis iinfrastructure iand iservice iis ideveloped, 

iit iis istill iuncertain ito iachieve ia ihigh imodal ishift ito iBRT, iparticularly iin ia iprivate ivehicle 

idominated icommunity.[6] Similarly, access ifor ibicyclists, imotorcyclists iand icar iusers' 
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ialong iwith itheir iparking ispaces ineeds ito ibe iconsidered. iMotorcyclists iand ibicyclists 

ipreferred ipublic itransport iwhere ithere iwas ia isubsidized fare. [20] It was observed that 

frequent stop and go public transport service needs to be revised to mitigate congestion 

issues in the city. The public transport should be non-signalized or automated vehicle 

identification should be used to make it a non-stop service.[16]  

 

2.6 Modal Shift in Similar Schemes 
 

                   Different policy actions iare irequired ito ireduce icar iusage ii.e. itaxes ifor ientering 

ithe icities ior ihubs iand iarrangements ito iincrease ioperational icosts iof iprivate ivehicles 

iinside ithe icity. Similarly, increasing the procurement amount of vehicles increases bus 

ridership. In high density commercial areas of the city where vacant land is non-existent, 

the practice of constructing multi storey parking plazas has been a norm. Unlike already 

discussed practices, small and large-scale parking lots are common in various planned 

commercial areas in Lahore. iThese iparking ilots iare iusually ioff-street, iopen iparking iareas, 

iwhich inot ionly iprovide iparking ispaces, ibut ialso iinclude iother irelated ifeatures ilike 

ilandscaping, iparking iislands, iand ivehicle icirculation ispaces i(aisle iand iaccess ilanes).[9] i 

In ithe isame iway, isome iother imeasures ihave ialso ibeen itaken ito irestrict ithe iusage iof 

ipersonal ivehicles iand iforce ipeople ito itravel ivia ipublic itransport ii.e. iBRT. iIt iincludes ithe 

itaxes ifor ientering ithe icity, iincreased ifare ifor iparking iat iparking ispaces iand iheavy ifines 

ifor iparking iat inon-authorized ispaces. iThe istation icenter ico-ordinates, idimensions, iaccess 

itype ias iwell ias ithe iexpected ipeak ihour ibus ifrequency idata iper istation iis iimportant. Off-

corridor ibus istops iare irequired ioutside ithe iBRT icorridor isegments, iso ithat ithe iBRT ibuses 

ican ipick iup ipassengers.[21] 

 

One iof ithe iprobable isolutions iis ito idevelop iintegrated ipolicies iand igenerate 

icircumstances ifor ithe inew iservices ito ibe ideployed i(Park iand iRide, icongestion icharging 

ipolicy iand idemand-responsive iservices, ietc.). iThe imain iobjective iof ithese ipolicies iis ito 

icreate ian iimpact ion itraffic ibehavior ito iattain ia imodal ishift itowards imore isophisticated 

iand ienergy-efficient imodes ie.g. iBRT, icycling, iand iwalking, ietc.[10] iThe ibest iapproach ito 

imodal isplit iis ito ipose iit ias ia iconsumer ichoice iand iutilize ilogit imodels ito iexplain iit.[1] 

Additionally, public transport accessibility, employment ratio, and walking distances 

affect the calculations of a transportation model.[19] It has been suggested that personal 
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vehicle users should be addressed in such studies to find the modal shift from private cars 

and motorcycles towards BRT.[15] A study conducted in Jakarta, Indonesia found that 

the modal shift towards BRT from personal vehicles in its first month of operation was 

20%.[22] The shift from private cars to BRT in Los Angeles was 18%.[23] The shift 

towards BRT from private cars in Beijing was 12.4%.[24] 

 

2.7 Parking Studies 
 

                With the growing private car ownership, ia imajor iconcern ifor iauthorities iis ithe 

iprovision iof iparking ilots iin ithe icity ihubs ito idecrease ion-street iparking iand itraffic ivolume 

ion ithe iroads. Decision makers are confused regarding the locations of parking because of 

the non-availability of space inside the hubs. Since parking is a basic need for 

transportation infrastructure but in the current promptly emerging urban traffic, ithe 

ienvironment iis igetting iworse iwith ithe inon-provision iof iparking ispaces. iCar iowners ipark 

itheir ivehicles ion ithe iroadside idue ito ithe iabsence iof iparking ilots iwhich icauses itraffic 

iblockage. iThis idisordered iparking icauses iinconvenience ito ithe idaily itravelers iand 

iinfluences ithe  living standards of residents.  

According to location, there are on-road and off-street parking lots. iIn ion-road iparking 

ilots, ivehicles iare iparked iwithin ithe ired ilines iof iroads. iOn-road ican ibe ifurther idivided iinto 

iroad iand iroad-side iparking ilots. iOff-street iparking ilots irefer ito ispecial iparking ilots, 

iparking igarage ior iparking ibuilding ioutside ithe ired iline. Off-street parking lots can also be 

divided into outdoor parking lots and indoor parking lots. According to service targets, 

there are public, accessorial and private parking lots. iAccording ito itypes iof iconstruction, 

ithere iare iparking istructure, iover-ground iparking ilots iand iunder-ground iparking 

ilots.According ito imanaging ipatterns, ithere iare ifree, ilimited itime i(free) iand icharging 

iparking ilots. 

Layout of parking lots and parking modes should be chosen based on direct economic 

benefits, social benefits, indirect economic benefits, environmental effect and 

sustainability etc. Comprehensive benefit should be primarily concerned. The layout of 

parking lots should meet parking needs. Select location and arrange layout properly. 

Serving radius should be within 300m from the service centre. [25] 

It iis ivital ito iminimize itraffic icongestions, iaccidents iand ipollution ithrough iproper iparking 

imanagement. iPark iand iride ischeme iis ian iefficient iservice ithat imay iaddress ithe 



17 
 

iaforementioned iissues iand iattract imore iriders iwho imay inot ihave iotherwise iopted ifor 

ipublic itransport. iIt iwill iprovide iparking ispaces iwhich iwill ireduce ithe iparking ineeds iin ithe 

icity icenter. i iThe iattractiveness iand ieffectiveness iof ithe ipark iand iride irest ion ithe ilocation 

iof iparking, iservice iquality, iparking icharges, iand ion-site ifacilities. iAs ithe inumber iof 

ivehicles iincrease, ithe ineed ifor iparking ifacilities ialso iincreases. iIt iis icrucial ito iminimize 

itraffic icongestions, iaccidents, ipollution iand iunwanted ifuel iuse ithrough iparking 

imanagement iand ipolicies. i 

Park iand iride iis ia ischeme iwhere ithe iprovision iof iparking ispaces iat ia isite, iwith isome 

idistance iand iaccess ito ipublic itransport ito iachieve ithe idestination; ia ilarge ioffsite iparking 

ispace iwith ia ishuttle-bus iserving ithe iworkplace. 

As ihighlighted ithe ipark iand iride ihas itwo imain ipurposes iwhich iare ifirst, ito ishift ithe imodal 

isplit itowards ipublic itransport iand isecond, ito ireduce ithe ineeds ifor iparking ispaces iin itown 

icentre. Thus, itrips ito ipark iand iride iwere iconsidered ias icontributor ito ithe iincreasing iof icar 

iuse. iLater, iit iwas iargued ithat ipark iand iride icould iinduce ia inet iincrease irather ithan 

iachieving ireductions iin itraffic. It was highlighted that high frequency and low load were 

factors that park and ride buses caused in a net increase in the distance travelled in car 

equilibrium ierms. 

Additionally, it was mentioned that the attractiveness and effectiveness of park and ride 

depend mainly on the locations and parking charges of facility, service quality and fares 

of public transits, road congestion, road tolls and parking charges at the city centre. The 

location of park and ride particularly in close proximity to residential areas, may serve 

users to use variety of modes (automobiles, motorcycles and pedestrian) as they transfer 

to transit or carpools. 

It iwas idiscussed ithat ithe isites ifor ipark iand iride ishould ibe idesigned ito iattract ithe imotorist 

iwith ipleasant isurroundings iand ion-site ifacilities isuch ias iwaiting iareas. iIt was ifurther 

iexplained ithat ithe isites imust ibe iintegrated iwith iother itransport imodes; iwith ihigh iquality 

ibuses ioperate iat ihigh ifrequency, igenerally ibetween i8 iand i15 iminutes iduring ipeak iperiods 

iand ionly ione ior itwo istops iare iusually imade ito iminimize ijourney itime.  

Therefore, ithere iexists iopportunities ifor ishared iparking ias isome iparking ilots iand ion-street 

iparking ispaces iwere iless ifull ithan iothers iwithin ia isite.iFurther, ihigh ipercentage iof ilong 

iterm iparkers iindicates ithat ithere iis idemand ito iuse ithe ifacility iparticularly iamong ithe iwork 

itrip imakers iof ithe isuburban ipopulation. 

Lastly, iparking iis ian iessential ipart iof ithe ioverall itransportation iand iland idevelopment 

isystem. iIt ialso ia imeans ito ihelp irealize iother icommunity idevelopment iobjectives isuch ias 



18 
 

iland iuse iefficiency, igood iurban idesign iand ieconomic ivitality. iAn ioversupply iof iparking 

iis icostly ifor ibusiness, ivisually iunattractive, iand imay inegatively iimpact iurban idesign iand 

istreetscape. iConversely, ian iundersupply iof ispaces imay icompromise iaccess iand 

icirculation, iand icreate ispill iover iproblems ifor iadjacent iuses. iIt iis, itherefore, iimportant ito 

iensure ibalance ibetween ioversupply iand iundersupply iwhen iplanning ifor iparking. iThus, 

iparking iutilization istudy iis ivital ito iproduce ia isuccinct ianalysis iof iexisting iparking 

idynamics ithat ican ibe iemployed iover itime ito isupport iand iinform idecision-makers iabout 

ithe idevelopment iof iparking.[26] 

 i i i i i i i i i iIn ia iprivate ivehicle idominated isociety, iwhere ipeople iare inot iwilling ito ishift itowards 

ipublic itransport, ia imultimodal itransport isystem ineeds ito ibe idevised iwhere ithere iis ia 

iusage iof iboth iprivate ivehicles iand ipublic itransport. iA ipark iand iride ischeme ican ifulfill ithis 

irequirement ito ipark icars iand itravel ivia ipublic itransport ifor ithe iremaining ijourney. 

iSimilarly, ifor ireducing ilong iterm icongestion, isolely irelying ion ipublic itransport iwill ibe 

iineffective irather ipark iand iride ischemes ican ibe ia isolution ito ithis. iIt ihas ibeen iobserved 

ithat ifor iencouraging iparking iat ithe ipark iand iride istation, ithe ifare ishould ibe iminimal ior 

ieven ipreferably ifree. iSocioeconomic related icharacteristics i(and isociodemographic) 

ihave ibeen iviewed ias ione iof ithe iimportant ideterminants iof iurban itravel ipatterns.iIt iwas 

ihighlighted ithat ithe iextent iof irelationship ibetween isocioeconomic iand itravel ibehaviour 

ipatterns.iIt ifocused ion iboth irevealed ipreference ias iwell ias istated ipreference isurvey ivia 

istratified icluster isampling. The istudy irevealed ithat ithe imean imonthly ihousehold iincome 

iof ithe inon-park iand iride iusers iexceeded ithat iof ithe ipark iand iride iusers’ imean iincome iby 

iabout itwenty ipercent i(20%).  

In iterms iof isocioeconomic iparameters, the study focused on gender, age as well as 

employment category. In terms of parking-related characteristics, it was stressed that if 

park and ride were to be encouraged, ithen ithe ipricing iof ithe istation icar iparks ishould ibe 

ilow. iThey ihowever icautioned ithat iit iwould iinevitably ibe iaffected iby ilocal icompetition 

iand itraffic imanagement. It was pointed out that there is ample experience to suggest that 

parking at the interchange should be either very cheap or even preferably free so as to 

encourage ipark iand iride iusage.[27] 

 Likewise, iit ihas ibeen ifound ithat ithe ireduction iin icar iuse ican ibe iachieved iif ilimited 

iparking ispaces iare iavailable.iAs ithe inumber iof ivehicles iincreases, ithe ineed ifor iparking 

ifacilities ialso iincreases. iIt iis icrucial ito iminimize itraffic icongestions, iaccidents, ipollution 

iand iunwanted ifuel iuse ithrough ieffective iparking imanagement iand ipolicies. Park and ride 

is a scheme where the provision of parking spaces are allocated at a site, with some 
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distance and access to public transport to reach users’ desired destination; ia ilarge ioff-site 

iparking ispace iwith ia ishuttle-bus iserving ithe iworkplace. iWith iefficient iplanning iof 

iservice inetworks ithat iattracts iriders iwho imay inot ihave iotherwise iused itransit, ipark iand 

iride iis iconsidered ias ian iideal ielement iof iurban imass itransportation isystems. 

Similarly iit iwas ihighlighted ithat ithe ipark iand iride ischeme ihas itwo imain ipurposes iwhich 

iare ifirst, ito ishift ithe imodal isplit itowards ipublic itransport iand isecond, ito ireduce ithe ineeds 

ifor iparking ispaces iin itown icentres. iPark iand iride ischeme iwill igrant ian iaccess ito ithe itown 

icentres iwith irelatively ilittle ienvironmental idamages ifrom itraffic.  

Furthermore, ithe idissimilarities ibetween ion-street iand ioff-street iutilization irates iin ithe 

iurban isites itend ito idepend, iin ipart, ion ithe irelative iconvenience iof ithe ion-street iparking. 

Some iother icommon iproblems iidentified iat imost iof ithe ilots iwere ilack iof isecurity ipatrols, 

iand isome ishowed iclear isigns iof ivandalism, ino isidewalk iaccess, ilack iof ibus ishelters iand 

isignage ion itransit iand iridesharing iservices iwere iminimal.[28] 

Parking idemand iis ialso iaffected iby ivehicle iownership, itrip irate, iparking iduration, ifuel 

iprice, iand iroad ipricing. iParking idemand irefers ito ithe iamount iof iparking ithat iwould ibe 

iused iat ia iparticular itime, iplace iand iprice. iIt iis ia icritical ifactor iin ievaluating iparking 

iproblems iand isolutions. iParking idemand iis iaffected iby ivehicle iownership, iamong iall 

iother ibehavioural ifactors isuch ias itrip irates, imode isplit, iparking iduration iand itype iof itrip, 

iand ifactors iof iother itravel imodes isuch ias ithe iquality iof ialternative itravel, ifuel iand iroad 

ipricing. [29] iUsually, imore iparking imeans imore iautos iand ihence iless itransit. iBut ithat iis 

ithe icase iwhen iparking iis iprovided iat ithe idestination.  

Conversely, iif ithe iparking iis inear ito ithe iorigin iof icommuting itrips iand ithe ipreferred imode 

ito iaccess iBRT istation iis ithe iautomobile, ian iincrease iin ithe itransit iridership ican ibe 

iexpected. iMany iinstitutions iprovide isubsidized ior ifree iparking ias ia icomplement ito itheir 

iservices.iThe iissues istudied ihere iextend ibeyond imass itransit. iIf ipeople iare iwilling ito 

ichange itheir ibehavior iin iresponse ito iparking iavailability iin ia itransit icontext, iit istands ito 

ireason ithat ipeople iwill ialso ichange iin itheir ibehavior iin iresponse ito iparking iavailability iin 

iother icontexts. 

iHowever, iin icases iwhere iparking ican ionly ibe iused iby ioriginating itransit ipassengers iit iis 

icomplementary irather ithan icompeting.[30] iThese iparking ifacilities iwill iattract ivarying 

iamounts iof inew itraffic iand iwill iconsequently ichange ithe itraffic idistribution iand 

icirculation ipatterns iin ithe istudy iarea, idepending ion itheir ilocations iand isurplus 

icapacities.[20]. i 
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Similarly, ialong iwith ithe ipark iand iride ifor icars, iCycle iPark iand iride ican iattract ipassengers 

ias iwell. iDirect iforecasting imodels iinvolve iadjusting ia imultiple iregression imodel iwhere 

ithe idependent ivariable iis istation iridership iand ithe iindependent ivariables iare ithe 

icharacteristics iof ithe istations. iA icritical iassumption ifor iusing idirect iforecasting imodels ito 

iassess ithe ifactors idriving iridership iat ithe istation ilevel iis ihow ito idefine ithe icatchment iarea 

iof ia istation. iA istation’s icatchment iarea iis iusually idetermined iby ithe i‘‘maximum’’ iwalk 

idistance ior ithe iarea iwithin iwhich ia imajority iof iusers iarrive iby ifoot. [31] 

 

2.8 Regression Analysis 
                      

                 In ithe ipast iridership iwas iestimated iusing icross-classification iand itrip irate 

ianalysis ibut inowadays, imultiple iregression imodels iare iwidely iused ifor iestimating imodal 

ishift, iridership, iand iparking idemands. iThey iare itime-saving, isimple ito iuse iand ieasy ito 

iinterpret. iThe iregression ianalysis ihas ian iadvantage iover ipast imethods ithat iit iaddresses 

ithe iparticular istation iunder iobservation iwhile ipast imethods iwere iapplied iover ilarge 

itransport izones. Regression models better estimate the impacts of the station environment 

on travel demand. The four-step model was fed with costly mobility surveys while 

regression models require ridership data from a single station. iThe ihistory iof itransport 

imodeling ihas ibeen idominated iby ithe ifour-step imodel. iThe ifour-step imodel iis ia ifamily iof 

iinterrelated imodels i(generation, idistribution, iassignment iand imode ichoice) ithat iare 

icostly ito iimplement iand imaintain. iThe iinitial ipurpose iof ithe ifour-step imodel iin ithe i1950s 

iwas itraffic iforecasting, imainly ion ia iregional iscale. iThus, iit iis inot isurprising ithat ithe ifour-

step imodel iis iless ieffective ifor iforecasting ithe ijourneys iusing ipublic transport ion imore 

idetailed iscales. Direct imodels based on multiple regression analysis are a 

complementary approach to estimating ridership as a function of station environment and 

transit service features. iSuch imodels iare ia irelatively irapid iand iless iexpensive ialternative 

ito ithe ifour-step imodel. i 

In iaddition, ithey ibetter icapture ithe iinfluences iof ithe istation ienvironment ion itravel 

idemand. iThe ielasticities ireveal ithe irepercussions iof iurban iplanning ion iridership, isuch ias 

inew iurban idevelopment iand idensification, iwhich iare iparticularly irelevant iin iTransit-

Oriented iDevelopments i(TOD). iThe icombination iof ilow icost iand isimplicity ialso imakes 

ithem ian iappropriate itool ifor ismall itowns, ior ithose iwith ilimited ifinancial iresources, iwhich 

irequire ia iquick iand iaccurate iassessment iof ithe iridership iforecast ito iplan iinvestments iin 
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itransport iinfrastructure. iIn ithis irespect, iit ishould ibe ipointed iout ithat ithe ifour-step imodel 

iis ifed iby icostly imobility isurveys, iwhereas ithe idirect iforecasting imodel iis ifed iby isimple 

istation iridership idata. Thus, ithe istrength iof ithe irelationship ibetween ithe imodel ivariables 

iwill inot ibe ithe isame ithroughout ithe istudy iarea.  

Traditional statistical models may show specification problems when the presence of 

spatial autocorrelation in the data is not considered. A major consequence of this is the 

risk of inefficient coefficients estimates to represent the magnitude of the relation 

between ithe ivariables, imaking istatistical isignificance itests ion ithem iquestionable. iThus, 

ispecific itests ion ithe iresiduals iare irequired ibefore iany iregression ianalysis iresults iare 

iinterpreted ito istatistically idemonstrate itheir ispatial irandomness. iWhen ispatial 

iautocorrelation iis ipresent, ithe iuse iof ia itechnique ispecifically idesigned ifor idealing iwith 

ithis itype iof iproblem. iAs ia iresult, iestimations ican ibe ifit ito ieach iobservation ior ilocation iby 

iapplying ithe iappropriate iequation.[32] 

Regression ianalysis iwas ialso iused ito iinterpret ithe icommuter's ibehavior iin ithe iselection iof 

istation ito ibe iapproached ifor ithe itrip iand iit iwas irevealed ithat iyoung icommuters iwalk 

ifarther ito iaccess ia irapid irail itransit istation. i[18] i 

Travel itime iand itravel icost iwere iconsidered ias ithe imain ivariables ito idevelop iutility 

ifunctions using binarly logit model. iBased ion ithese imodal icharacteristics iand ithe 

idifferent iservice istrategies ioffered, ipeople iperception iand itheir iprobability iof iselecting 

ithe iproposed isystem iis ipredicted. iThe iresults ishow ia iwide irange iof ipeople’s iperception 

iand itheir iprobability iof ichoosing ithe ibetter iservice. iThe ifactors iwere iidentified ithat 

iprevent ipersonal itransport iusers ifrom iutilizing ipublic itransport iso ithat irational ipolices 

icould ibe iformulated ito iencourage igreater iutilization iof ipublic transport. Binary logit 

models were developed involving car and bus, car and train. The most important 

variables, found likely to encourage the use of public transport, were reduced travel time, 

walking distance to public transport stations and subsidized fare. At ipresent, ithere iis ino 

iresearch iavailable iin ibehavioral istudy iof iswitching iintention iof ipersonal ivehicle iusers ito 

ibuses iunder itraffic iconditions iprevailing iin ideveloping icountries. i[3] 

 i i i i i i i iTo iconclude, iparking iis ian iessential ipart iof ithe ioverall itransportation iand iland 

idevelopment isystem. Since iBRT ican ibe ian iefficient isolution ito imodern-day itraffic 

icomplications ibut iwith ithe iprovision iof iproper iparking ispaces, ithe isystem ican ibe 

iupgraded iat iits utmost level. It will be an advantage to ithe idevelopers ifor iland-use 

iefficiency, iurban idesigning, iand ia irobust ieconomy. Balanced parking ensures boosted 

business activities, good aesthetics, and a proficient urban infrastructure. 
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CHAPTER 3 

3 METHODOLOGY 

 

3.1 Data Collection 

 

             The survey was conducted at 16 stations out of 31 stations. These stations were 

chosen based on their locations which cover a wider population catchment comprising 

mainly various types of residential areas expected to propel users to use BRT.[28] These 

stations are located in a suburban area and only the suburban area is provided with 

parking facilities at the BRT stations. These stations have a provision of adequate parking 

space, which cater to the parking demand and the parking area is not linked to other land 

use categories.[33]  

          The data was collected using the revealed preference approach (RP) and stated 

preference approach (SP). RP part questioned the current travel behavior and its 

perspectives while the SP part was regarding the future system and their expectations. 

Passengers were interviewed individually and the questionnaire form was filled. The 

survey comprised a total of 31 questions which enclosed three major information 

regarding the passenger: personal details or socioeconomic characteristics, travel 

characteristics and parking characteristics.  

The individual's age, gender, education, income level, and vehicle ownership were 

enquired in personal details. In travel characteristics, the individual’s origin, destination, 

travel time, travel cost and whether they are ready to shift towards BRT were enquired. 

In parking characteristics, passenger’s opinion was taken regarding the parking location, 

facilities they are expecting, will they park their vehicles or not, an estimated amount of 

parking fare and the walking distance they are willing to cover from parking to BRT 

station.  

The survey was conducted at both peaks (morning and evening) and off-peak hours. 

Similarly, data was collected on working days and weekends as well. A total of 498 

passengers responded to the survey. Since the concern was the shift of the private vehicle 

owners (passenger cars (PC) and motorcyclists (MC)) to the BRT, therefore, only vehicle 
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owners were selected and the remaining responses were obliterated. Out of the total 

respondents, 433 were vehicle owners. 

Mostly, travellers were reluctant to provide information and the whole procedure was 

handled quite carefully. The surveyors were deployed at concerned stations at various 

times of day and days in a week. Students were mostly willing to fill the forms whereas 

people who had jobs were not ready to provide information. The people from all walks 

of life and from all age groups were interviewed. Travellers aged 20-40 comprised of 

about 66% of the whole data. 21% were from 40-50 and 9% from 50 to 60. Above 60 and 

below 20 both were 2%.  

Regarding the gender, males were rather easier to survey as compared to females. 

Females were mostly students and a little bit were out for shopping. Working group in 

females was quite less. Younger people were willing to travel to stations more than older 

ones and people of lower middle class were willing to walk more than upper classes. 

3.2 Sample Details 

 

 

Figure 1:   Age Distribution 
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32%
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Age Distribution
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Figure 2:   Gender Distribution 

Each commuter was asked about his trip purpose and his behavior towards BRT for the 

same trips. Similarly, their willingness for out of vehicle travel time was also 

interrogated. Following pie charts illustrate it:

 

Figure 3:   Ridership on BRT on the basis of purpose 
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25 
 

 

 

Figure 4:   Willingness of OVTT 

 

 

Figure 5:   Parking Demand of commuters willing to park vehicles 
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Figure 6:   Parking Charges obtaine from survey 

 

Figure 7:   Subsidies people are expecting for parking the vehicles 

The average education level of respondents was grade 13. The average income of car 

owners per month was PKR. 37253 whereas for motorcyclists it was a bit lower i.e. PKR. 

28967. 
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3.3 Model Development 

3.3.1 Modal Shift Analysis 

 

                  The model is based on utility theory which assumes that commuters opt for 

the mode which maximizes their utility. The multinomial logit model has been used in 

this study for estimating the modal shift from private vehicles to BRT. The equation for 

the model can be given as: 

                                                         P𝐵𝑅𝑇 =
𝑒∆𝑈

(1+𝑒∆𝑈)
 

Converting this equation into: 

                                           ∆U = ln(
1−𝑃𝐵𝑅𝑇

𝑃𝐵𝑅𝑇
) 

Where,  

               ∆U = change in the utility from the existing system towards BRT.  

               PBRT = probability of BRT (percent of the people opting for BRT) 

Using the above equation, utility at each station was estimated whereas PBRT was obtained 

from the survey. For estimating the modal shift, change in travel time and travel cost of 

trips at each station were used. Travel time of BRT was estimated using the speed at 

which the buses will run i.e. 40km/hr. Similarly, travel cost was calculated using the fares 

given by the consultants Mott Mac Donald Pakistan (MMP). Travel costs varied 

according to the distance. For travelling less than 10 km it would be Rs. 25. From 10 to 

15 km it would be Rs. 35. Similarly, above 15 km it would be Rs. 50.  Travel time and 

travel costs of the current system were obtained from the SP survey. 

 

Change in travel time was used i.e.  

                             ∆ Time= (Travel Time current system) – (Travel Time BRT).  

Similarly, change in cost was used i.e.  

                             ∆ Cost= (Travel Cost current system) – (Travel Cost BRT). 

Along with these two variables, three more variables age, education, and income level of 
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individuals at the relevant stations were used to estimate the modal shift. These were 

taken as average as per survey findings. 

Now regression analysis was performed in excel by setting ∆U as dependent variable and 

∆T, ∆C, age, education, and income level as independent variables. ∆U 

Obtaining the values of regression coefficients from regression analysis and putting in:   

∆U = βo + β1 (∆T) + β2 (∆C) + β3 (age) + β4 (education) + β5 (income level) 

Now obtaining ∆U from the above equation and putting in: 

                                                       P𝐵𝑅𝑇 =
𝑒∆U

(1+𝑒∆U)
 

The probable shift from personal vehicles (PC and MC) to BRT was obtained.  

3.3.2 Parking Analysis 

 

                 Now the utilities for a shift with the availability of parking spaces at concerned 

stations were estimated. For this analysis, those commuters who were vehicle owners and 

not willing to travel via BRT were also excluded. It comprised 43 respondents and the 

remaining 390 were used for parking analysis. Similarly, parking time and parking fare 

were also added in the BRT travel time and fare respectively in this analysis. Parking fare 

was taken as average from parking fares (willing to pay) responded by respondents in the 

survey. Another variable OVTT was also introduced in this analysis i.e. the distance 

people were willing to walk from parking to BRT station. Obtaining utilities from the 

following equation: 

∆U𝑝𝑎𝑟𝑘𝑖𝑛𝑔 = ln(
1 − 𝑃BRT(parking)

𝑃BRT(parking)
) 

The utilities obtained from the above equation for the respective stations were put as 

dependent variable and ∆T, ∆C, age, education, income level, and walking distance as 

independent variables in excel for regression analysis. Obtaining the values of regression 

coefficients from regression analysis and putting in:   

∆U = βo + β1 (∆T) + β2 (∆C) + β3 (age) + β4 (education) + β5 (income level) +  

            β6 (walking distance) 
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Now obtaining ∆U from the above equation and putting in: 

P𝐵𝑅𝑇(𝑝𝑎𝑟𝑘𝑖𝑛𝑔) =
𝑒∆U(parking)

(1 + 𝑒∆U(parking))
 

The average of commuters who were willing to park their vehicles was obtained out of 

the commuters who were willing to shift from private vehicles to BRT. Since the above-

made analysis was for both cars and motorcycles. Motorcycles users (MC) were analyzed 

separately to obtain an exact parking estimate for motorcycles. 

3.3.3 Parking Analysis of Motorcycles 

 

                      In this analysis, those commuters were assessed who were motorcycle 

owners and willing to shift their mode of travel. The procedure was the same with just 

the exclusion of car users. It changed the variables accordingly and change in utilities for 

the parking of motorcycles was calculated using: 

∆U𝑏𝑖𝑘𝑒𝑠 𝑝𝑎𝑟𝑘𝑖𝑛𝑔 = ln(
1 − 𝑃BRT(bikes parking)

𝑃BRT(bikes parking)
) 

 

Regression analysis was performed with ∆U as the dependent variable and ∆T, ∆C, age, 

education, income level, and walking distance as independent variables. Obtaining the 

values of regression coefficients from regression analysis and putting in:   

∆U = βo + β1 (∆T) + β2 (∆C) + β3 (age) + β4 (education) + β5 (income level) +  

            β6 (walking distance) 

Now obtaining ∆U from the above equation and putting in: 

P𝐵𝑅𝑇(𝑏𝑖𝑘𝑒𝑠 𝑝𝑎𝑟𝑘𝑖𝑛𝑔) =
𝑒∆U(bikes parking)

(1 + 𝑒∆U(bikes parking))
 

From this, we determined the percentage of motorcyclists willing to park their 

motorcycles.  

 



30 
 

3.4 Model Validation 

 

                    The validation was done by comparing the results with the study made by 

MMP. Since they have designed three park and ride stations on the BRT with two at both 

ends and one in the middle of the route adjoining the city hub i.e. Dabgari Garden. The 

same station was selected for the validation purpose in this study where 128 parking 

spaces were obtained for cars while they (consultant) obtained 126 parking lots. 

The R-square values for modal shift analysis, parking analysis of private vehicles (cars 

and motorcycles) and parking analysis of motorcycles are .82, .83, and .82 respectively. 

R-square values for a transportation model analysis is acceptable above .8.[34] Another 

study suggests that the R-square value of .70 is acceptable in the transportation model 

with five to six variables.[35] 

 Another test is the p-value and t-stat which shows the dependence of the dependent 

variable on independent variables. An absolute value of 1.96 or greater of t-stat and 0.05 

or less of p-value implies that all presented co-efficient in the model are significant at a 

95% confidence level. In the first two models, all variables are fulfilling the criteria 

except ∆T. Similarly, in the last model ∆C was not fulfilling the criteria. The previous 

studies in this regard suggest that a single variable not satisfying the criteria is acceptable 

and it doesn’t affect the model’s confidence level.[36] 
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CHAPTER 4 

4 RESULTS AND DISCUSSION 

 

4.1 Results of Model Development 

 

The model for estimating modal shift and parking demand was formulated in MS Excel. 

With setting ∆U as dependent variable and ∆T, ∆C, age, education, and income level as 

independent variables and performing regression analysis resulted in the formulation of 

following equations: 

Table 1:  Equations Developed from Models 

Users Multinomial Logit Models R-

square 

Modal 

Shift (PC 

and MC) 

∆UBRT= 1.66 + 0.008(∆T) + 0.015 (∆C) - 0.055 (age) – 0.116 

(education) + 1.022E-05 (income level) 

0.82 

Parking 

(PC and 

MC) 

∆U parking = 3.465 + 0.013(∆T) +0.0045(∆C) – 0.078(age) – 0.172 

(education) + 1.06E-05(income level) - 0.048 (walking distance)  

0.83 

Parking 

(MC) 

∆U bike parking = 0.65 + 0.033(∆T)+0.006(∆C) – 0.027(age) –0 .036 

(education) –  1.28E-05(income level) - 0.037 (walking distance) 

0.82 

 

Now by putting the values of variables obtained from the survey were put in these 

equations to obtain the results. A 13 percent shift was observed from private vehicles to 

BRT. It reveals that a major portion is still not willing to come out of their private 

vehicles. From these 13 percent commuters, 14 percent are willing to park their vehicles 

at BRT parking lots with a parking fare of PKR. 20. This parking percentage can be 

improved by providing subsidy on parking the vehicle. Subsidy can be in terms of 

remitting the parking charges which menas free parkings. Under such circumstances, the 

parking paercentage can be increased 1 percent i.e. 15 percent. Out of this 15 percent, 76 
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percent are car users and remaining are motorcycles users. It concluded that 24% out of 

15% of parking users were motorcyclists. 

Most of the commuters which were not willing to park their vehicles were because of 

inconvenience, safety and security reasons. Hence, addressing these issues may increase 

parking percentage. 

The results from the above equations are as follows: 

Table 2:  Results from Developed Models 

Stations PBRT PBRT Parking PBRT motorcycle parking 

Haji camp 0.13 0.16 0.25 

Gulbahar 0.14 0.16 0.23 

Firdous 0.13 0.15 0.21 

Shuba Bazar 0.12 0.13 0.23 

Dabgari Garden 0.12 0.14 0.25 

Saddar 0.13 0.16 0.23 

Aman Chowk 0.12 0.15 0.24 

Tehkal 0.14 0.17 0.25 

Abdara Road 0.12 0.15 0.24 

Town 0.13 0.16 0.22 

Peshawar University 0.13 0.14 0.25 

Board 0.13 0.14 0.25 

Phase 3 0.14 0.16 0.26 

Tatara Park 0.13 0.15 0.24 

PDA Hayatabad 0.12 0.15 0.23 

Karkhano 0.12 0.14 0.20 

 

4.2 Parking Estimation 

 

            For computing the parking spaces that are required to be built at the corresponding 

station, the ridership data was obtained from the report prepared by the consultants for 

design purposes. The product of ridership and percentage of people who (will shift from 

private vehicles to BRT and) will park their vehicles as well, was calculated to obtain 

overall parking demand. Now, the parking demand for cars was obtained by multiplying 
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overall parking demand (15%) with cars percentage i.e. 76% while the remaining 24% 

were motorcycles parking. To cope with land availability issues, multi-storied parking 

can be considered a solution. It was observed that five motorcycles can be parked at one 

parking space of passenger car, therefore, for construction purposes, 24% is divided by 5 

and then added with parking spaces for passenger cars. The calculations are presented in 

the following table: 

Table 3:  Parking Estimation 

Stations 

P BRT 

parking 

Demand as 

per model for 

PC and MC 

Demand as 

per model 

for PC 

Demand as 

per model 

for MC 

Parking 

Spaces 

required to be 

built 

Haji camp 0.16 454 342 112 364 

Gulbahar 0.16 268 207 61 219 

Firdous 0.15 215 171 44 180 

Shuba Bazar 0.13 83 64 19 68 

Dabgari Garden 0.14 170 128 42 136 

Saddar 0.16 291 224 67 237 

Aman Chowk 0.15 231 177 54 188 

Tehkal 0.17 195 147 48 157 

Abdara Road 0.15 173 131 42 139 

Town 0.16 262 204 58 216 

Peshawar University 0.14 331 248 83 265 

Board 0.14 291 217 74 232 

Phase 3 0.16 186 138 48 148 

Tatara Park 0.15 75 57 18 61 

PDA Hayatabad 0.15 58 45 13 48 

Karkhano 0.14 236 189 47 198 
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4.3 Discussion 

 

1. It is evident from the model that for the modal shift, the co-efficient of change in 

travel time and travel costs are positive. The preference of travelers will increase 

with decreasing travel time. Similarly, with decreasing BRT fare, the preference 

is increasing which shows passengers are expecting a rapid and good quality 

service with a reasonable ticket price. 

2. Regarding the parking analysis of cars and motorcycles, the preference for 

parking increases with reducing parking time. The co-efficient of change in the 

cost of overall parking is positive indicating that decreasing parking fare increases 

the preference. Likewise, the preference increases for motorcycles by decreasing 

the cost of parking. The subsidy for parking the vehicles was considered in the 

analysis and it was observed that with the subsidy, only 1 percent increase in the 

ridership can be achieved.  

3. The sign of co-efficient of age for modal shift and parking analysis both is 

negative which means with increasing age, the BRT and parking preferences are 

decreasing. Since younger commuters have no private vehicles so they want to 

shift towards an efficient public transport system rather than that out of date 

system. While older passengers mostly prefer their private vehicles to get rid of 

waiting, access and egress times in public transport systems. 

4. The sign of co-efficient of education indicates that an educated person is less 

likely to prefer BRT and parking because of status issues. 

5. The sign of co-efficient of income level for modal shift indicates that with 

increasing income level, the preference of BRT is increasing. Mostly, lower-class 

people are motorcycle owners and prefer it instead of BRT to save their time. On 

the other hand, the middle class prefers BRT until their income level is less than 

PKR.80000 per month. It is because of the affordability issues since running 

private vehicles is expensive as compared to BRT. Achieving a certain income 

level, they feel easier and comfortable with private vehicles as it is affordable for 

them.                                              

As far as the parking is concerned, with an increasing economic level overall 

parking preference increases because they can afford and want to park their 

vehicles somewhere. While it decreases for motorcycles parking as they usually 
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don't prefer parking to avoid the parking fee.  Given the BRT fare and parking 

charges, the motorcyclists are reluctant to park their vehicles.  

6. The preference for overall parking and motorcycles parking decreases with an 

increasing walking distance. People usually don't prefer to walk to stations for 

more than 7 to 8 minutes. 
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CHAPTER 5 

5 APPLICATIONS AND CONCLUSIONS 

 

5.1 Applications of Developed Models 

                      

                The developed models can be used to determine the modal shift for 

different scenarios regarding travel time and travel cost of BRT. The shift can be 

transformed by reducing the travel time of BRT by reducing egress and access time, 

increasing the frequency of buses and bus priority measures. Up-gradation and 

facilitation of BRT at par with the private vehicles will attract more middle class. The 

provision of subsidy can attract lower class commuters as that more feasible and 

economical to them. The provision of different parking facilities for different age 

groups and gender may magnetize more people to BRT. Further, special provisions 

for disabled and older commuters to reduce their waiting times can attract more users. 

Moreover, decreasing the utility of private vehicles by increasing travel costs, direct 

road pricing, the increased fare for parking at authorized parking spaces and heavy 

fines at un-authorized spaces can increase the shift. Similarly, increasing the 

purchasing cost of vehicles, tax on entering the city and congestion tax, reducing 

speed limits may also enhance modal shift. Also, the provision of parking lots near to 

stations for reducing out of vehicle travel time and feeder service for reducing door 

to door travel time can be an efficient method to increase modal shift. Parking 

promotional initiatives e.g. free Sunday parking, subsidy on BRT parking and 

awareness programs may boost the shift. Besides these, information technology and 

employment of different applications to provide real-time information about parking 

availability and automatic ticketing system for decreasing time wastage may bring 

dramatic changes in the modal shift from private to BRT vehicles. Finally, the 

provision of extra facilities e.g. canteen, rest area, mechanic shop, security, proper 

staff, and special places for women may enhance the modal shift. 
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5.2 Conclusions 

 

This paper examined the potential of the shift from private vehicles to BRT and the 

potential of parking for commuters. Stated Preference Approach was used to survey 

passenger car and motorcycle users. The Multinomial Logit Model was used to find 

the probable shift from private vehicles to BRT and the parking spaces required at 

selected stations. The results obtained were compared with the results of MMP for 

validation. Travel time and cost were the two variables that displayed the interest of 

the middle class and the unwillingness of the lower and upper class for BRT. The 

travel time can be reduced by improving egress, access services, increasing service 

frequency and advanced parking system with an automatic ticketing system. 

Moreover, the modal shift can be transformed into BRT by taking initiatives such as 

increasing car purchasing cost, direct road pricing, and ushering facilities for aged 

and disabled people. Similarly, multi-storeyed parking can be considered to cope with 

the shortage of land space. These provisions would alleviate the congestion issues in 

the city by reducing car volume on the roads. To conclude, the BRT system should 

provide a decrease in travel time, the reasonable fare for low and medium-income 

people, well-designed park and ride stations, feeder services and effective policies to 

restraint vehicle usage with proper awareness programs. 

 

5.3 Recommendations 

This study can be expanded more by considering more independent variables for 

analysis like vehicle ownership, type of vehicle owned, gender, population density, 

land use, household size, driving license and comfort index. The study can further be 

used for studies in the planning of city. Similarly, studies regarding the traffic 

management can be conducted by considering these findings. It can be found whether 

from this percentage of shift, the prevailing conditions of traffic will change or remain 

same. Whether the current congestion will be alleviated? This needs another complete 

study to be conducted for future planning.  
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Appendix 1 

Questionnaire Survey Form 
 

Personal Details: 

 Name: __________________________                     Age:  ___________________ 

 

Gender:      __________________                        Education: __________________ 

 

Occupation/ Job: _______________                    Family Size: _________________ 

 

School going kids:    _______________        Means of Travel: _________________ 

1. Do you own a car/ motorcycle/ cycle? (If yes) 

How many? 

      Cars (1, 2, 3)                  Bike (1, 2, 3)                Cycle (1, 2, 3) 

Travel Characteristics: 

2. What is your preferred mode of transport: 

             >for work                          > for shopping                 >for recreation 

 

 Public Transport                Public Transport               Public Transport 

 

 Taxi / Rickshaw                Taxi / Rickshaw                Taxi / Rickshaw 

 

 Self- owned vehicle          Self- owned vehicle          Self- owned vehicle 

                            

3. For your yesterday’s trips: 

 

No. Start Time Purpose Duration Origin  Destination Mode Cost 

1.        

2.        

3.        

4.        

5.        
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Parking characteristics:  

   

4. Would you prefer BRT for going to: 

Work                       Shopping                  Education                Others     

 

5. Do you want the parking lots to be built along BRT route?   (Yes / No) 

 

6. Are you willing to park your vehicle in these parking lots? 

______________________   (If not) 

Security                    Safety                    Inconvenience                   Others  

7. Are you willing to park your vehicle in these parking lots on a subsidized fare?  

     Rs. 50-100         Rs. 100-200           Rs. 200-500 (per day) 

8. How much can you pay for parking per hour? (In Rs.) 

     Rs.15-25            Rs. 26-40               Rs. 41-60              Rs. 61-100   

9. Would you like to park your vehicle with your parking fee included in BRT 

monthly fare?    (Yes / No) 

 

10. Would you like to park your vehicle on a subsidy in BRT fares? (Per ride)(Yes / 

No) 

                 Rs. 5-10             Rs. 10-15               Rs. 15-20              Rs. 20-25 

11. How much maximum distance can you cover by foot from parking to BRT 

station? 

                    2 minutes                   5 minutes                10 minutes 

12. Would you like to suggest a parking lot to be provided at any specific station at 

BRT? 

_________________________ 

13. What other facilities you want at parking? 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 
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BRT Route Map 
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Bus Station Code 
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Appendix 2 

Questions asked in the defense 
 

1. How have you validated your findings? 

Refer to page 45 and 46. 

2. How have you estimated parking spaces? 

Refer to page 48 and 49. 

3. What is the relationship of a single variable with modal shift and parking 

willingness? 

Refer to page 49 and 50. 

4. How have you identified the parking zones? 

Refer to page 37. 

5. What was the travel time and travel cost of BRT considered? 

      Refer to page 42. 


