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ABSTRACT

Urbanization is a worldwide phenomenon that has led to increased mobility demands. As urban
areas continue to expand, there is an increasing need for sustainable, efficient, and user-centric
transportation solutions. Intermediate public transit (IPT) plays a pivotal role in the mobility
framework of developing countries. Indian cities, portrayed by rapid urbanization and growing
population, often face unique challenges in providing efficient, affordable, and accessible
transit solutions for their citizens. IPT, which encompasses a range of semi-formal and informal
modes such as shared minibuses, autorickshaws, and ride-hailing services emerges as a vital
component of urban mobility. Its flexibility, affordability, and accessibility make it a lifeline
for millions of residents who rely on it for their daily commutes. Thus, it helps fill the gap
between the limited availability of formal public transit and the increasing transportation
demands of the population

Indian census data on ‘travel to work’ for the year 2011, reveal that 4.31% of the total work
trips are done by IPT, this share is comparatively more than work trips by private cars (3.9%)
thus, underscoring the significance of paratransit system in India (Office of the Registrar
General and Census Commissioner India., 2011). However, it is important to note that there is
no census or official data available on the modal share of IPT in small and medium-sized cities;
therefore, this research addresses a critical gap by focusing on IPT usage in a small city context.
It has become a vital component of the urban transportation system particularly in small and
medium-sized cities, where conventional public transportation is not adequate and suitable to
cater to the mobility demands of the travellers. This thesis presents an empirical assessment of
the existing role of IPT in Indian cities. The existing literature does not showcase the role and

importance of IPT in small cities that are devoid of the formal public transit system. With



Wardha as a case-study city, which is an emerging Tier-3 city in state of Maharashtra, India,
this thesis makes a significant contribution to the academic literature as it focuses on the needs
and perspectives of IPT users in small-sized cities.

The research carried in this thesis is based on a questionnaire survey data collected from the
case-study city. The travel survey results for Wardha city reveal that 39 percent of work trips
are made using IPT, emphasizing the importance of this mode of travel in small cities. To
maintain the existing patronage, it is crucial to understand user perception of the service of this
shared mobility system. Given the infeasibility of high operating costs and lower ridership
associated with providing formal public transport in small cities, retaining shared mobility
options is crucial to prevent modal shift to private modes such as two-wheelers and four-
wheelers. Since IPT can fulfill the mobility demands in small cities, it is imperative to evaluate
the service quality of the system.

In case of Indian cities, there is a lack of research that explore the choice among various IPT
modes such as cycle-rickshaw, auto, e-rickshaw, and others. This research examines the mode
choice behaviour of commuters by considering various paratransit vehicles as alternatives.
Further to understand the importance of paratransit service with respect to future use, a test to
evaluate loyalty is performed.

It is acknowledged that users' behaviour, satisfaction, and preferences regarding mode choice
and service use are all influenced by the perceived quality of the service. Studies that attempt
to determine user satisfaction levels (perceived quality of service) provide a valuable tool for
transportation authorities and IPT operators in developing new marketing strategies,
interventions required for improving quality of service aimed at retaining existing users. The
analysis of the relationship between user behaviour, satisfaction, and their choice of IPT mode
represents another contribution of this research. An intriguing finding was that although

paratransit users in Wardha are not entirely content with the current service quality, they still
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opt for this mode of transportation, possibly because they lack access to private vehicles.
However, this suggests that people may shift to other private modes, such as cars or
motorcycles, if given the opportunity.

The level of service for IPT is strongly associated with user satisfaction and perception, which
can significantly impact their overall perception of quality. Having a standard benchmark to
understand the expectations of commuters is crucial for enhancing the level of service, which
can include improvements in vehicle comfort, service hours, and reliability. These
enhancements can result in increased satisfaction and demand for IPT services. However,
existing methodologies for LOS evaluation do not specifically address IPT services. This study
develops a systematic methodology to describe the LOS that users experience when traveling
in IPT, using psychometrics and psychological scaling theory to convert qualitative responses
into a quantitative scale. The Level of service index is calculated using the Law of Successive
Interval Scaling, for service quality attributes ranging five levels. The LOS thresholds were
established for all five paratransit modes. It is worth noting that to develop the LOS index, it's
essential not just to understand customers' ratings on various service attributes, but also the
importance they assign to these attributes. In this thesis, relative significance of each service
quality attribute is taken into consideration. The individual LOS threshold of various attributes
are used to generate the index for measuring the overall level of service for specific IPT modes.
This research has proposed a LOS index based on user perception, to assess the service quality
of different paratransit modes.

The study offers a framework that can help policymakers and planners assess and improve IPT
service quality in small cities using user perception and performance indicators. It can also
guide infrastructure planning, investment decisions, and be replicated in other cities for broader
policy applications. This study can be replicated in other cities, serving as an ideal case to

assess and enhance the service quality of the overall transit system in small-sized cities.

vii



Keywords: Intermediate Public Transport, Service Quality, Level of Service, Mode choice

behaviour, India.

viii



S
eI Ueh aeyeardt ufehan 2, forges o ifasiiadr &t 7 H gfE g3 81 S0k wgd
&= &1 fadR IR 8, QA 3R STANTHI-ah fed URTg THIYI 1 STaRI el dea o
! g1 Sexifeue ufsds gifSie (smsdich) fammasia =it & wfa=fiaar womett &t
AUl YT FUTAT 81 ol I U 3R TGl SMaTE! are YR [ER1 Bl SRR
3T AR & foTE I, frthraet 3R TRA URTHA JHTYH UG & H 331 e
BT JIHAT BT USdl gl Msuidt, fSad aren ey, sicilewn iR Jss-gfeht Jarsi
S otef-sfuaTies SR SRS HiS AT &, W Taiiedl &1 Tdh Tgaqul gcdh

TP IHRAT B 1 39 UPR, T TRBR] FTdei-ep TRITHT faepedt 3R SmaTdl ! sgat

gfkag TaRgearsii & oie & R P! JaH &l § | 3BT I iR avdr 39 34

G AR & 1w Sifard st @ S 3mSR SiTarTe & forw s Ak 8

ay 2011 # {53 71T YR SHRT0MT & SHciid Teb §d b & foQ A & a1 udl Feid
8 & o o aemefi ¥ 9 4.31% IE SMRUIET §RT &1 ST &, I8 5w qa-ids U 9
ol BRI (3.9%) GRT &t T 1 aEnsh § 34 g, T 93, HRd J WRicifvle Red &
g &1 3@ifdhd HRdl g | BT, I HE@YUi & [ BIc R Heg 3HR & a3 | euict
& HIST AR TR D13 SHIUH] AT MYBTRD ST IUY el ©; AT, Tg WY BIc ey
& dg 7 MEUE ITINT R & Higd HReh U HgayUl WH! H! ASIId Bl ¢ | T8
IRy =7 T BIT 3R ALY MHR & e | V<! YR YUITet &1 Udh HE@yUl ucdh &
A1 8, O8] URURS IRBR! ATaei-ds URdg- A1) &t ANl ol IR B o ol Iaia 3R
Iuged T8t 31 I8 N YR el & i oY Hiciar HiFeT BT U rgHaS
i1 URd Bl & | HIolal Alfec BIC WX H SMSUTeT & YHHT 3R 7@ &I Uafid

X



I8! BT § Ol IWBRY Frdwleh YR Jore 9 IMed 81 94l H HH-Ts! AR & FUH
AT T &, S YRA & HERIY Iod H T IHRAT g3 fer-3 TR 31 I8 MR sipreitias
e H U HeaqUl AN Gl & Hlfch U Bl STbR ob Wl H MU JualTebaiait
1 SRERdl 3R EfPDIUN TR L cbierd BRell

59 IR ¥ foba T Wity B Y-TST WX U U Ha&Ul SeT WR YR ¢ | aef
GR & AT HA&(UT & URUTH SdTd & P 39 TR SR I SSUTE 1 IUIRT IXb P
et €, S B e’ H a1 & 39 dieh & Hed TR SR odl & | HIS[GT TR&MU Pl §1¢ 38
& o, 39 g Tfa=ierdr vomedt @) YaT & TR & SUTNTGhd! B YR &I FHIAT Hg@qul
21 B TR B =R WRBRT ATdwi-dh IRag UeH & 9 Set 3= IRare drTd
3R 1 AR BT HTIGING AT B &d T, AT 3R IR Ufgar g o Aol wrest
B 3R FAd B Ah P 1T I TfAferdr sMeuict fadmed! Pl §1E a1 Agayu g |
P MU B gl § Tfaieidr Bt AN &l IR R Gl 8, ST 39 Juel! Bt Jar

UG BT Hed b AT 3ifard B

HRAT Tl & AT ¥, fafis rstid) o arsfora-feaem, sifel, $-Ra=m iR o fawea)
& d1F T BT UdT T 9T MY Bt HHT g | Hidw H rethid) b STTAT Y dp auf &
NN &1 1 ufhar Rt U8 IHeM & i, T wien fosar g1

T8 YT IR TR HHT ST § &1 STANTdhdist Bt Iqd iR am& & forg arg fawed &
T H, Ya1 B S U YHTAd HRl 8| STARTHA! TP & TR (Fdl B Hid
Tora) ® UG B &1 T dRA 9 e URae Sl ok eyl
TR Y T3 ATh e IUMHITIA B fIpRia w3, Hieel SUaNTGh st &l §9E R &

3e%4 ¥, Yd1 B} Uil H YR & [T 3o §&Y d3A H U HeddH G UaH



Hd &1 IUUNThAl D HAER, FP AR AU HIS B ITeb! T¥G & s el b
fazeivr 39 <My &1 T 3R ATaH Gl 81 T faarery @is gg ot o grerifes auf o
3MEUA ITNTHf IHT T b1 ToraT A T Re Iqp e &, fohe +ft 3 uRag1 & 39
TF B T ], JHad: STl Fifes 390 U st are= g g | 8T, ST UdT e
& [ 3R MieT firel ol AT HR 1 HICRATSIhd oY 3= ol HIeH PT SWHTd HR 9
gl

STSUICT TaT BT TR, ITARTHA! Bt AP 3R Toal I ST g3 8, ST UIaT & aR H It
THY 4RO &1 AgAYUl &0 F YHIfad HR Gl 5| AT DT UMM B qHgH & forg
TS SIS g1 A1 & TR P 9 & fu Tg@yuf §, o argd oM, It ge 3R
fIeg-igar § QuR M 8 Jbd &1 37 Yl & IRUMERRT Myl Jarsft & for
TP 3R A H gfG &) Tehalt & | gTaiiioh, TaT Bl TR BT i o o Hislal UG aal o
3SUTE Jarsif o1 gul 16T § | T8 e Tuiess ufafsharsft o1 AeTes 0HM § dga
& fory ArsP AR IR AAdTIG Whici Rigid BT IudnT H3b, SHFUICT H I Hd
T SUARTH AT gRT 344 fhT S aTat TaT &1 TR &1 auiH B & ol T Sgaryd
UGl fawRid axar 81 Ta1 & TR & aHhih $I 0T Ui WR| B! 4T [urax faRvdrait
& foTT pTHe SIaRTET THITHT & W BT IUART ISP BI W1l 5 | T oia SeUIdt /s &
forE a1 & TR &1 ¢ VMU B! T3 81 T8 & & a1 ¢ b a1 &l Wk J@DhiD
9w Rd w1 & fofe, 9 sad fafie a1 fIavdre UR Uiga! & ST Bl JHSAT Magd
5, gfep 3 foRivarait &1 370 gRI fau 91 a1 Aed ! 1t IHgH1 sirawgs g1 59 ity
A, A% a1 e fa=ivdT & 3Maféie Hed & & J 3@ T g | oy smedid fasmea
& T qa1 & I TR B 4104 & oY Yasie Idd w1 & o fafts foiwdrsit &t
fGTd TaT BT TR ST BT IGANT forar S 81 39 =iy H faftrs tRigifore Aret &t dar

xi




TG BT MHTAT B o [T ITANTHA! YR & YR TR Th T BT WR JADID
TRTIad foa TR B

Ig 31T Ud oidl UKd Bl ¢ Sl At (ATd13T 3R JISHIBR] &1 STaRTEHd! HIROT
3R AT TR qaHIH & AT ¥ Bic e & SASUICT JdT Tora BT THa 3R FUR
R | Heg HR Ahdl 8| I8 §-a1d) o1 Bt Ao 3R fHawr fofa & anfesi & e
2, 3R o TeRt & ot e o ahd B

PIag: SHITSTC YD CIRUIC (SATSUICT), JaT T[Ural, YT BT R, A6 994 T8N,

HRAI

xii



TABLE OF CONTENTS

CERTIFICATE. ...ttt et et ettt ettt e et e e et e e ettt e enbeeennneeenns i
ACKNOWLEDGEMENTS . ...ttt ettt e sttt e et e e e eneee s il
ABSTRACT ...ttt et e ettt e et e e e ab et e st e e sttt e s et eeeenaeeeenbeeeennee s v
TABLE OF CONTENTS ...ttt ettt ettt et e e e Xiii
LIST OF FIGURES . ... .ottt ettt et e st e e e e e e enes XX
LIST OF TABLES ...ttt ettt e et e e et e e e nbeeennneeas XX1V
LIST OF ABBREVIATIONS .....ooiiiiiieiit ettt ee s XXX1
CHAPTER 1 INTRODUCTION .....ooiiiiiiiiiiiieiiieeeeee ettt iee e s 1
1.1 Background..........ooooiiiiiiiie e 1
1.2 Exploring the concept of IPT .......cooooiiiiiiiiiieeeeeee e 1
1.3 Significance Of IPT........ooiiiiiiiiee e 4
1.4 Research focus and Motivation ...........coocueeeviiiiniiiiniieeniieeeeeeeec e 7
1.5 AIM O the STUAY ..eeiiiiiiie e e e 11
1.5.1 Goals Of the StUAY ....ccoouiiiiiiiiiii e 11

1.6 Objectives 0f the STUAY ...ccc.ueiiriiiiiiiiii e 11
1.7 Thesis OrganiZation...........coicuveiieiiiiiiie et e e e e e eaaeee e 13
CHAPTER 2 LITERATURE REVIEW ....cooiiiiiiiiiiiiiiiiiiiiicecceeeeeeee e 15
2.1 INErOAUCTION . .....eeiiiiiiiiiiee e 15
2.2 Study of user behavior in choosing a particular mode of travel ..................... 15

xiil



2.3

2.4

2.5

2.6

2.7

CHAPTER 3

3.1

3.2

3.3

3.3.1

3.4

34.1

342

3.5

3.5.1

352

3.6

3.6.1

3.7

CHAPTER 4

4.1

Review of IPT service quality StUdIies ..........eeeeerviiiiieiniiiiieeeiiiee e 19
Understanding the user perception of service quality for paratransit.............. 22
Investigating the concept and dimensions of quality of service. .................... 24
RESECAICH GAPS .....eeiiiiieeiiiiee e e e e 28
SUMMATY ...eeiiieeeeeece e e e e et e e e e e e e e bba e eeeeeesssnnnssaneeeas 29

METHODOLOGY ...ttt ettt s 31
INErOUCTION....ceiiiiiiiii e 31
Research desi@n........cooeeiiiiiiiiiiiii e 31
Case study City SEleCtiON......ccciveiiiiiiiiiieee e 32
Overview of the study area — Wardha City.........cccccceeeeiiiiiiiiiiiiieee e, 36
SUIVEY ESIZN...cceiiiiiiiiiiee ettt e e e e e e e e e e e e e e e e enseaaaeeeas 38
SaAMPIE AESIZN ..o e e e e e eaeas 38
Survey INStrument deSIZN ........ccevvviiiiiieeeieieiiiiiee e e e e e 41
Survey process and sample SUMMATY ..........cccvviviiieeeeeeeiiiiireeee e e e e 42
Phase-wise data cOlleCtion ..........cccoiuiiiiiiiiiiiiiiiiiece e 42
Data deSCIIPLION. ...ceiiiiiieiiiiiiiiee e e e ettt e e e e et e e e e e e e e trareaeeeeeeeennnenns 43
Statistical methods to accomplish research goals. ...........ccocoeeviiiiniiinnni. 52
Review of transportation models .............oeeeiiiiiiiiiiiiiiiiee e, 53
SUMMATY ...ttt et e e e e e e e sttt e e e e s e e e snbeeeaeeeas 57

A COMPREHENSIVE ANALYSIS OF INDIA'S IPT SECTOR .............. 59
INErOAUCTION . .....eeiiiitiiiiiee e 59

X1v



4.2 Research contribution and ObjeCtiVeS.......ccuuviieeriiiiiieiriiiieeeeiiiee e 60
4.3 Research ApProach........c..eeeeeeiiiiiiiiiiiiiieiciie e 61
4.4 Describing IPT ......oooiiiiiiiieeeiee ettt et e e 62
4.5 CIasSIEYING IPT....oiiiiiiiiiiie et e e e e eareee s 62
4.6 Role Of IPT in INdi@...ccouiiiiiiiiiiiiieice e 65
4.7 Understanding the existing scenario of IPT in Indian cities...............ccccc....... 67
4.7.1 Introduction of Electric Vehicles. ... 69
4.7.2 Studying Census data ..........cceeeecuiiiiiiieeeeeeeiieee e 70
4.8 Review of government policies and regulations for IPT..............ccccceeeeniiins 75
4.8.1 International case StUAIES .........ccooiuiiiiiiiiiiiii e 79
4.9 Advantages and shortcomings of the IPT sector..........cccccoevveiiiiiiiieeiiennnnn, 82
4.10 Implications for the managerial practice of IPT in India..............ccoeeunnnnnee... 83
4.11 0010110 F: 1 ) PP RPPPPRPPPRE 85
CHAPTER S  ANALYSING COMMUTER BEHAVIOUR AND TRAVEL PATTERNS
WITH IPT MODES ... .ottt ettt ettt e et e st e et ee e e e e ennseeennnes 87
5.1 INEEOAUCTION ...t e 87
5.2 Research contribution and ObjeCtiVeS..........uveeeiriiiiiieiiiiiiie et 88
53 Data deSCIIPLION ..eeeeiiieeeiiiiiiieee e e e et e e e e e e e e e e e e eerrreeeeeeeeeennaeens 89
5.4 Results and DiSCUSSION ......cceviuuiiiiiiiiiiiie et 94
5.4.1 Study mode choice for work trips for residents of Wardha city..................... 94
54.2 Investigate mode choice for IPT trips .....ccocveeviiiiiniiiiiiiiiiiiceieceeecece 98

XV



543 Investigating the customer’s loyalty in choosing a particular paratransit mode..
.................................................................................................................. 106

5.5 SUMMATY ..eeeiiee et e e e e e e e st eeeeeeeesnesaeeeeeas 110
CHAPTER 6  ANALYSING USER PERCEPTIONS WITH IPT MODES ................... 113
6.1 INEOAUCHION ...t 113
6.2 Research contribution and ObJeCtiVES ........ccevvrviiiiiiiiieeeeeeieiiiieeee e 114
6.3 Research approach...........c..ovvveiiiiiiiii e 115
6.3.1 Data deSCIIPLION ..ceeeeeeieiiiiiiiiiee et e e e e e e e e e e e e e e eneens 115
6.3.2 Proposed hypothesis and model.............ccceeeveiiiiiiiiiiieeceeeeeeee e, 117

6.4 Factor analysiS......ccceieiieiiiiiiiee e e e 119
6.5 Measurement model TeSULLS .........ooouiiiiiiiiiiiiiii e 122
6.5.1 Discussion Of the reSUIS .......c..uviiiiiiiiiiii e 126

6.6 0010110 F: 1 ) PP PPPPPPPPPPPPIRt 127
CHAPTER 7 DEVELOPING COMPREHENSIVE LOS MEASURES TO EVALUATE
THE PERFORMANCE OF IPT IN SMALL-SIZE INDIAN CITIES. .....ccooiiieiiieeieene 129
7.1 INEEOAUCTION ...t et e 129
7.2 Research contribution and ObjectiVes ........ccceeeruiiiriiiiiniieeiiiieeieceiecee 130
7.3 Data deSCIIPLION ..eeeeiieeeiiiiiiiieie e e e ettt e e e e e e e e e e erareeeeeeeeeenaenns 132
7.4 Determining LOS for Auto-rickshaw .............ccoociiiniiiiniiiiiniiiiciecee, 136
7.4.1 Determining LOS threshold for service hours of an auto-rickshaw.............. 136
7.4.2 Determining LOS threshold for overcrowding of auto-rickshaw ................. 140
7.4.3 Determining LOS threshold for waiting time of auto-rickshaw ................... 143

Xxvi



7.4.4

7.4.5

7.4.6

7.5

7.5.1

7.5.2

7.5.3

7.5.4

7.5.5

7.5.6

7.6

7.6.1

7.6.2

7.6.3

7.6.4

7.6.5

7.6.6

7.7

7.7.1

Determining LOS threshold for delay of auto-rickshaw ...........c..c.ccooceen 145
Determining LOS threshold for access distance of auto-rickshaw ............... 147

Determining overall LOS benchmarks for all five service indicators of auto-

TICKSRAW ...t 149
Determining LOS for Rental taXi.........ccoveviiieiriiiieeiiiiieeeeiiee e 152
Determining LOS threshold for service hours of rental-taxi.............cc......... 152
Determining LOS threshold for overcrowding of rental-taxi....................... 154
Determining LOS threshold for delay of rental taxi ...........ccccceeeiiiiiiinnine 157
Determining LOS threshold for waiting time of rental taxi..............ccceoee. 159
Determining LOS threshold for access distance of rental taxi ..................... 161

Determining overall LOS benchmarks for all five service indicators of rental

BAXT ettt e e e e et e e e e e e e e 163
Determining LOS for shared local taXi...........ccoeeeuviiiiieeeieeiiiiiiiiieee e 164
Determining LOS threshold for service hours of shared local taxi............... 164
Determining LOS threshold for overcrowding of shared local taxi.............. 166
Determining LOS threshold for delay of shared local taxi................cccnee. 168
Determining LOS threshold for waiting time of shared local taxi................ 170
Determining LOS threshold for access distance of shared local taxi............ 172

Determining overall LOS benchmarks for all five service indicators of shared

JOCAL EAXT. .ttt 174
Determining LOS for 6-seater big auto...........ccceeeieeiiiiiieiiiiiieeeeiieeeeee, 175
Determining LOS threshold for service hours of 6-seater big auto .............. 175

xvii



7.7.2

7.7.3

7.7.4

7.7.5

7.7.6

7.8

7.8.1

7.8.2

7.8.3

7.8.4

7.8.5

7.8.6

7.9

7.10

CHAPTER 8

8.1

8.2

8.3

8.4

Determining LOS threshold for overcrowding of 6-seater big auto ............. 178

Determining LOS threshold for delay of 6-seater big auto .......................... 180
Determining LOS threshold for waiting time of 6-seater big auto ............... 182
Determining LOS threshold for access distance of 6-seater big auto ........... 184

Determining overall LOS benchmarks for all five service indicators of 6-seater

DIZ QULO 1eeiieeeieiieeee e e e e e e e e e e eeaeeeeeaas 186
Determining LOS for cycle-rickshaw ............cooccoiiiiiiiiiiiiiiiiiiieeeeeees 187
Determining LOS threshold for service hours of cycle-rickshaw................. 187
Determining LOS threshold for overcrowding of cycle-rickshaw................ 189
Determining LOS threshold for waiting time of cycle-rickshaw.................. 191
Determining LOS threshold for delay of cycle-rickshaw...................c..... 193
Determining LOS threshold for access distance of cycle-rickshaw.............. 194

Determining overall LOS benchmarks for all five service indicators of cycle-

TICKSRAW L. 196
Evaluating of overall LOS of all IPT modes in Wardha.....................c....... 198
0810100 F: 1 ) PP PPPPPPPPPPIRt 198

SUMMARY, CONCLUSIONS AND SCOPE FOR FUTURE RESEARCH .

............................................................................................................... 201
SUMIMATY ...eeeeiiiiieee e e e e e e st e e e enneee s 201
MajJor fINAINES .....evviieeiiiiie e et 202
Contributions Of reSearch...........coovuiiiriiiiiniiiiiiieiiceeeeee e 203
Discussion and Policy Implications ..........ccccceeevueieniiiiniiieinieeeieceieeee 204

xviii



8.5 Limitations and FUture SCOPE ........cccuviieiriiiiieeiiiiieeeciieeeeiee e 207

REFERENCES ...ttt ettt ettt e sttt e sttt e e e e nateeenes 209
APPENDIX ..ttt ettt et ettt ettt e et e e enaeeenaneeen 241
APPENDIX A: Questionnaire SUrvey fOrm...........occcvieeeeiiiieeeniiiieeeeniieeeeesiieeeeesnneeeens 241
APPENDIX B: Existing scenario of IPT in Wardha City ..........ccceovieeiiiiiiniiiiniieenieeens 245
APPENDIX C: Types of IPT vehicles in India............coooniiiiiiiiiiieeee 250
APPENDIX D: Correlation matrix of input variables of MNL model. ........................... 253
LIST OF PUBLICATIONS ...ttt ettt ettt st e et eennee e 255
BRIEF BIO OF AUTHOR .....oooitiiiiiiieiee ettt 257

Xix



LIST OF FIGURES

Figure 2-1 Scientific contribution of COUNIIES........ccueiiriiiiiiiiiiiiiieiiee e 19
Figure 2-2 Co-occurrence network of KeyWords ..........cooceeiiiiiiiiiiiiiiieiieeceece e 20
Figure 2-3 Co-authorship network of COUNIIEs.........c.eeeriiiiiiiiiiniiieiieeeeeeee e 21
Figure 2-4 IPT vehicles; Sub-domains of IPT service quality studies............ccccevveerirvirrennns 21
Figure 2-5 Graphical representation: Case studies across the globe............cccooceeiiniiiini. 22
Figure 3-1 Research Methodology...........eeiiiiiiiiiiiiiiiiieee e 33
Figure 3-2 Location map of Wardha ............ccoooiiiiiiiiiiieeceeeeeee 36
Figure 3-3 Development Plan of Wardha..............cccoooiiiiieeee 37
Figure 3-4 Survey area: Wardha Municipal Corporation boundary...........cccccceveeeeenennnnnnnnen. 37
Figure 3-5 Data required for each objective based on the source of collection ..................... 38
Figure 3-6 Mode of travel t0 WOTK..........ooiiiiiiiiiiiiiiiiie e 46
Figure 3-7 Comparing vehicle ownership and choice of mode for work travel purpose........ 47
Figure 3-8 Respondents opinion regarding willingness to use IPT modes in future. ............. 49
Figure 3-9 Respondents opinion regarding willingness to recommend use of IPT modes. .... 50
Figure 3-10 Trip purpose and trip distance for different IPT modes. ..........ceevvveeeeeeennnnnnnnn. 50
Figure 4-1 Classification Of IPT ..........uuiiiiiiiiiiiee e e e 65
Figure 5-1 Frequency of use (%) of IPT vehicles........cueiiiiiiiiiiiiiiiiiiec e 92
Figure 5-2 IPT Vehicles by the trip purpose and travel distance. .............ccccceeviiieeiiiiiieeennns 92

Figure 5-3 Trip length of IPT vehicles: (a) Auto-rickshaw; (b) 6-Seater Big Auto; (c) Cycle-

rickshaw; (d) E-rickshaw; (e) Minibus; (f) Taxi Car; (g) Shared Taxi........cccceecveeeernineeeennnes 93
Figure 5-4 Percentage of trips by various IPT vehicles ...........ccccoeviiiiiniiiiiiiniiiieeiee, 101
Figure 5-5 SEM model framework for testing loyalty of IPT commuters. .........c.ccccceeuueennee 107
Figure 6-1 Overall satisfaction perceived from utilizing five different IPT modes ............. 117

XX



Figure 6-2 SEM framework for studying user satisfaction. ............ccccceevviiiieenniniieeeninnennn. 119

Figure 7-1 Service hours served by different IPT vehicles ..........ccccoovieiniiiiniiiiiniieineenne 134
Figure 7-2 Access distance t0 IPT .......cocuuiiiiiiiiiiieiieeeeee et 134
Figure 7-3 Waiting time for various IPT modes..........ccoocueerriiiiriiiiniiieniee e 135
Figure 7-4 Delay involved while travelling in an IPT vehicle. ...........cccoooieeniiiiniiniens 135

Figure 7-5 The optimal curve capturing the relationship between pjros and average service
levels, for service hours of autO-TICKSNAW. .........coiiiiiiiiiii e 139
Figure 7-6 The optimal curve capturing the relationship between pjLos and average service
levels, for overcrowding of auto-rickshaw..............cccccooiiiiiiiiiiiiii e, 142
Figure 7-7 The optimal curve capturing the relationship between pjLos and average service
levels, for waiting time of auto-rickShaw. ............c.coeviiiiiiiiii e, 144
Figure 7-8 The optimal curve capturing the relationship between pjLos and average service
levels, for delay of autO-TICKShaW. .........ccciiiiiiiiiiiiiiiie e 146
Figure 7-9 The optimal curve capturing the relationship between pjLos and average service
levels, for access distance of auto-TICKSNAW. ..........uueiiiiiiiiiiiiee e 148
Figure 7-10 The optimal curve capturing the relationship between pjLos and average service
levels, for service hours Of reNtal taXI .......cvvviiiiiiiiiiiiiii e 153
Figure 7-11 The optimal curve capturing the relationship between pjLOS and average service
levels, for overcrowding of rental taXi..........cooceiiiiiiiiiiiiiiie e 156
Figure 7-12 The optimal curve capturing the relationship between pjLos and average service
levels, for delay of TeNtal taXT ......oouiiiiiiiiiiiieeie e 158
Figure 7-13 The optimal curve capturing the relationship between pjLOS and average service
levels, for waiting time of rental taXi..........ceeviiuiiiiiiiiiiie e 160
Figure 7-14 The optimal curve capturing the relationship between pwjLOS and average service

levels, for access distance Of TeNtAl tAXI ...uuviiiiiiiiiiiiiiie e 162

xxi



Figure 7-15 The optimal curve capturing the relationship between jLOS and average service
levels, for service hours of shared 10Cal taXI ........ovvvueiriiiiiiiiiieeee e 165
Figure 7-16 The optimal curve capturing the relationship between wjLOS and average service
levels, for the overcrowding of shared local taXi...........ccoeveviiieiriiiiieiiiiiieeeiiee e, 167
Figure 7-17 The optimal curve capturing the relationship between wjLOS and average service
levels, for delay of shared 10Cal taXi ..........eeieeriiiiiiiiiiiiieeeiee e 169
Figure 7-18 The optimal curve capturing the relationship between pjLOS and average service
levels, for waiting time of shared local taxi ...........eeevvviiiiiiiiiiiiiiiieeeeee e, 171
Figure 7-19 The optimal curve capturing the relationship between pjLOS and average service
levels, for access distance of shared 10cal taXi ........cceevveiiiiiiiiiiiiiiie e 173
Figure 7-20 The optimal curve capturing the relationship between pjLOS and average service
levels, for service hours of 6-seater big autO............eeeeeeeeiriiiiiiiiieee e 177
Figure 7-21 The optimal curve capturing the relationship between pjLOS and average service
levels, for overcrowding of 6-seater big auto...........ceeeeeeeieiiiiiiiiieee e 179
Figure 7-22 The optimal curve capturing the relationship between pjLOS and average service
levels, for delay of 6-seater BiZ aQULO ........cceiieeiciiiiiiiie e 181
Figure 7-23 The optimal curve capturing the relationship between pjLOS and average service
levels, for waiting time of 6-seater big aULO ............eeveeiiiiiiiiiiiiiiiee e 183
Figure 7-24 The optimal curve capturing the relationship between pjLos and average service
levels, for access distance of 6-seater big autO ........cccuveeeiiiiiiiiiiiiiiiieeeeee e 185
Figure 7-25 The optimal curve capturing the relationship between pjLOS and average service
levels, for service hours of cycle-rickshaw ..............ccooiiiiiiiiiiiii e, 188
Figure 7-26 The optimal curve capturing the relationship between pjLOS and average service

levels, for overcrowding of cycle-rickshaw ..o, 190

xxii



Figure 7-27 The optimal curve capturing the relationship between jLOS and average service
levels, for waiting time of cycle-rickShaw ..............occoiiiiiiiiiiiiiiiiee e, 192
Figure 7-28 The optimal curve capturing the relationship between wjLOS and average service
levels, for delay of Cycle-riCKSaW ............coiiiiiiiiiiiiiiie e 194
Figure 7-29 The optimal curve capturing the relationship between wjLOS and average service

levels, for access distance of cycle-rickShaw ............ccceiiiiiiiiiiiiiiiieeee e, 196

xxiii



LIST OF TABLES

Table 1.1Terminology of IPT vehicle types across different countries............ccceevveevnveennnen. 4
Table 3.1 State-wise percentage share of IPT trips. .......veveveiiiiieiiiiiiieeeiiee e 35
Table 3.2 District-wise percentage share of IPT trips. .......ccccvvieeeriiiiiieeniiiiiie e 35
Table 3.3 Phase-wise duration of data cOlleCtion............cueeriiiiiriiiiiiiieniieecee e 42
Table 3.4 Descriptive analysis of socio-demographic characteristics of respondents. ........... 44
Table 3.5 Comparing sample data with Census record, 2011...........ccovvviiiiiiiiieeeiiniiiiieeen. 45
Table 4.1 Definition Of IPT.......cooiiiii e 63

........................................................................................................................................... 68
Table 4.3 Number of registered paratransit vehicles (year 2020).........cccccvvvvveeeeeeeeiccnnnnnnnn. 69
Table 4.4 State/UT with maximum percentage share of IPT work trips........cccceeeeeevennnnnnnnnn. 71
Table 4.5 State/UT with minimal percentage share of IPT work trips.........cccevveeeeiieinnnnnnnnn. 71
Table 4.6 Districts with the maximum share of IPT work trips..........ccoeeeeiviiiiieeeiiniiiieee, 72
Table 4.7 Districts with a minimum share of IPT Work trips ........ccccceeeeeciiiiiiieeiieeiiieee, 72
Table 4.8 IPT share for the most populous diStrictS.........cceeeuvriiiiiieeeeeeiiiiiieee e, 73
Table 4.9 IPT share for the least populous diStricts ...........ccccvviiiiiieeieeiiciieeee e, 73
Table 4.10 IPT share for Urban districts of India ...........ccoooiiiiiiiiiiiiieeee 74
Table 4.11 Pearson correlation analysis for 640 diStricts ..........ceercveeeeeriiiiieeiiiiiee e 74
Table 4.12 Policy interventions at global level..............cccoiiiiiiiiii e 80
Table 5.1 Summary of respondent’s socio-demographic characteristics ...........ccceueeenveeenee. 90
Table 5.2 Mode choice MNL model results for travel to work purpose. ...........ccocveernieennnn 96
Table 5.3 MNL model results for choice of IPT mode..........ccccooviiiiniiiiniiiiniiiiiiiciieee 104
Table 5.4 Estimation results of paratransit loyalty...........occcoiiiiiiiiiiiiiiii e, 109

XX1V



Table 5.5 Summary of indirect effect of socio-demographic variables on choice of IPT modes.

Table 6.1 Descriptive summary of the ratings observed for satisfaction indicators of IPT

SETVICES 1. uvtteeutteeeutteesuttee et eeeatee e et e e e et e e aateeees bt e e sabteeeasbeeeanb e e e ab et e enbe e e e bt e e eanbeeenbeeenbeeenres 116
Table 6.2 Summary of factor analysis: PCA and CFA ............ccooviiiiieiiiiiieeeeee e, 121
Table 6.3 Output results of proposed SEM model — Direct Effects...........ccooevveeeeniiiinennns 123
Table 6.4 Output results of proposed SEM model — Indirect Effects. .........ccccceevveinnnnnnnnn. 124

Table 7.1 Mean and standard deviation of the ratings observed for satisfaction indices...... 133
Table 7.2 Summary of responses recorded w.r.t. service hours for auto-rickshaw. ............. 137

Table 7.3 Normal deviates (yjk) corresponding to the cumulative proportions (pjk) of the

TESPOMISES .« eeeeeeeeeeeeeeeeeeeee e et et e e et et e et e e et e e e et et e e e e aeeeeaeaaaaaaeaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaeaaaaaaaeaaaaeaanes 138
Table 7.4 Mean LOS rating (pjLos) values for each service range () .......ccceevvveeeenniieeennnnns 138
Table 7.5 Service levels for the upper limit of each kth category. ..........ccceevveviiiiiinnnnnnn. 140
Table 7.6 LOS thresholds for service hours of auto-rickshaw .............cccccoiiiiiiniiiini, 140
Table 7.7 Summary of responses recorded w.r.t. overcrowding for auto-rickshaw. ............ 141

Table 7.8 Normal deviates (yjk), normalized average (pxu) and mean LOS rating (pjLos) for

€ACH SETVICE TANZE (]) 1vvvvvrrrrreeeeeeiiiiirrrrteeeeeeesasierrtreeeeeeeeaassrssaeeeaeeesessassssseeeeeeesessssnssssseeees 141
Table 7.9 Service levels for the upper limit of each k™ category. .........cocoovvvveevveeeveinnnn, 142
Table 7.10 LOS thresholds for overcrowding of auto-rickshaw ...........ccccccociiiiinnnninn. 142
Table 7.11 Summary of responses recorded w.r.t. waiting time for auto-rickshaw. ............ 143

Table 7.12 Normal deviates (yjx), normalized average (uus) and mean LOS rating (pjLos) for

€ACH SEIVICE TANZE (J) +-vvvveeeerurrrreeriiiteeeeiittee e e ettt e e ettt eeeesateeeeesaaseteeeennsbeeeeasnnbeeeeennsneeeaaanes 143
Table 7.13 Service levels for the upper limit of each k™ category. .............ccccceeveiicnnne. 145
Table 7.14 LOS thresholds for waiting time of auto-rickshaw. ............ccccccovviiiiiinnnnn. 145
Table 7.15 Summary of responses recorded w.r.t. delay for auto-rickshaw. ....................... 145

XXV



Table 7.16 Normal deviates (yjx), normalized average (pwus) and mean LOS rating (pjLos) for

€ACH SEIVICE TANZE (J) +vvvvreeerrrrreeeiiiieeeeiitteeeeritteeeestaeeeeesitaeeeeesssaeeeesssseeeesnnsseeeeansseeeeannes 146
Table 7.17 Service levels for the upper limit of each k™ category. ..........cococvvveveivveveennnne. 147
Table 7.18 LOS thresholds for delay of auto-rickshaw ............cccccvvvieiiiiiiiiiniiiiiceiiee e, 147
Table 7.19 Summary of responses recorded w.r.t. access distance for auto-rickshaw. ........ 147

Table 7.20 Normal deviates (yjx), normalized average (pwus) and mean LOS rating (pjLos) for

€ACH SETVICE TANZE (]) +vvvvvrrrrreeeeeeiiiiiiiieeeeeeeeaiatttreeeeeeeeeaasnnasereeeeeeseasssssssseeeeeeesessssnssnsneeees 148
Table 7.21 Service levels for the upper limit of each k™ category. ..........cococvevvveevveveennnnn. 149
Table 7.22 LOS thresholds for access distance of auto-rickshaw .............cccocociinniinis 149
Table 7.23 LOS threshold values for service quality of auto-rickshaw...............cccccuvvneneen.. 150
Table 7.24 LOS scale values for IPT performance in Wardha city. ........cccccceeeeeeeenininnnnnnn. 151
Table 7.25 Summary of responses recorded w.r.t. service hours for rental taxi. ................. 152

Table 7.26 Normal deviates (yjx), normalized average (uxus) and mean LOS rating (pjLos) for

€ACH SETVICE TANZE (]) +vvvvvrrrrreeeeeeiiiiirrreeeeeeeeaasietrreteeeeeseaassnssaeeeeeeesesssssssseseseeesessssssssseeees 153
Table 7.27 Service levels for the upper limit of each k™ category. .........c.ccoevvevveieveeenennnn. 154
Table 7.28 LOS thresholds for service hours of rental taXi..........ccccceeevvciiiiiviieeeeeeniiiinee. 154
Table 7.29 Summary of responses recorded w.r.t. overcrowding for rental taxi. ................ 155

Table 7.30 Normal deviates (yjk), normalized average (pxus) and mean LOS rating (pjLos) for

€ACH SEIVICE TANZE (J) +-vvvveeernrrrreeeiiitee e ettt ee e e ettt e e e ettt e e e e sateeeeeeaasbteeeeansbeeeeeannbeeesennnneeeeannes 155
Table 7.31 Service levels for the upper limit of each k™ category. .............ccceeveveiccncnnn. 156
Table 7.32 LOS thresholds for overcrowding of rental taxi..........cccoeceeiniiiiniieiinieenneenne 156
Table 7.33 Summary of responses recorded w.r.t. delay of rental taxi..........cccceevveernneen. 157

Table 7.34 Normal deviates (yjx), normalized average (uus) and mean LOS rating (pjLos) for
€ACH SEIVICE TANZE (J) +vvvvreerrurrrreeeiiiieeeeiittee e e ettt eeeesttteeeesatteeeeaanseeeeeeansseeeeennnaeeeeennnneeaeannes 157

Table 7.35 Service levels for the upper limit of each kth category. .........cccoeeiiiiiiiiinnis 158

XXVi



Table 7.36 LOS thresholds for delay of rental taXi...........cccovveeeeriiiieeiniiiieeeeiiee e 158
Table 7.37 Summary of responses recorded w.r.t. waiting time for rental taxi.................... 159

Table 7.38 Normal deviates (yjk), normalized average (ukUB) and mean LOS rating (pjLos)

fOr €aCh SEIVICE TANZE (J) .eeeervvrireeeiiiieeeeiiiie e e ettt e e ettt e e et eeeesitbeeeeesssbeeeeessnseeeeennsaeeeeannes 159
Table 7.39 Service levels for the upper limit of each kth category. ..........cccoeevvvieeriiiinnnns 160
Table 7.40 LOS thresholds for waiting time of rental taXi...........ccceeeeeriiireieriiieeeeriiiee e, 160
Table 7.41 Summary of responses recorded w.r.t. access distance of rental taxi................. 161

Table 7.42 Normal deviates (yjk), normalized average (ukUB) and mean LOS rating (pjLos)

fOr €aCh SEIVICE TANZE (J) .vvverreeeeieiiiiiiiiiieeeeeeeisiiieteeeeeeeeeasnttereeeeeeeeesnnnnnraeeeeeesessnnnsnnneeees 161
Table 7.43 Service levels for the upper limit of each kth category .........cccceveveeeieeiiiinnnnnn. 162
Table 7.44 LOS thresholds for access distance of rental taxi..........cccoeviveeeiiiiiiiiinniiieennnns 162
Table 7.45 LOS threshold values for service quality of rental taxis..........cccccceeeeeeiennnnnnnnn. 163
Table 7.46 Summary of responses recorded w.r.t. service hours of shared local taxi. ......... 164

Table 7.47 Normal deviates (yjx), normalized average (uxus) and mean LOS rating (pjLos) for

€ACH SETVICE TANZE (]) +-vvvvvrrrrreeeeeeiiiiiirreeeeeeeeaaaietrreeeeeeesesassresareeaasesessssssssseeseeesessssssssssseees 165
Table 7.48 Service levels for the upper limit of each k™ category. .........cccovvvevveeeveienennne. 166
Table 7.49 LOS thresholds for service hours of shared local taxi...........ccccceeveeeeeeecinnnnnnenn. 166

Table 7.50 Summary of responses recorded w.r.t. the overcrowding of shared local taxi. .. 166

Table 7.51 Normal deviates (yjk), normalized average (ukUB) and mean LOS rating (pjLos)

fOr €aCh SEIVICE TANZE (J) -eeeeuvrreeeeiiiiee e ettt e ettt e ettt e e ettt e e ettt e e e ettt ee e ettt e e e eeanbeeeeennes 167
Table 7.52 Service levels for the upper limit of each kth category. ........ccccooeieiiiiinnnen. 168
Table 7.53 LOS thresholds for the overcrowding of shared local taxi ........cc.cccccevveernneennne 168
Table 7.54 Summary of responses recorded w.r.t. delay of shared local taxi. ..........c.......... 168

Table 7.55 Normal deviates (yjx), normalized average (uwus) and mean LOS rating (pjLos) for

€ACH SEIVICE TANZE (J) +-vvvveeerrnrrrreeeiiiieeeeiiiteeeeeitteeeesttteeeesatteeeeaaasseeeesansseeeeennnseeesannsneeaeannns 169

XxXvii



Table 7.56 Service levels for the upper limit of each k™ category. ..........cococvvvveivveveenennne. 170
Table 7.57 LOS thresholds for delay of shared local taXi............cceeeeeriiiiieeiniiiieeeniieeeens 170
Table 7.58 Summary of responses recorded w.r.t. waiting time of shared local taxi. .......... 170

Table 7.59 Normal deviates (yjk), normalized average (puxus) and mean LOS rating (pjros) for

€ACH SEIVICE TANZE (J) +vvvvreeerrrireeeriiiieeeeiitieeeesttteeeestreeeeesaraeeeesssssaeeeasssseeeeasssseeeeassseeesannes 171
Table 7.60 Service levels for the upper limit of each k™ category. ..........cococvvveeevveveennnne. 172
Table 7.61 LOS thresholds for waiting time of shared local taxi...........cccccceeveeeeenniinnnnnnn. 172
Table 7.62 Summary of responses recorded w.r.t. access distance of shared local taxi. ...... 172

Table 7.63 Normal deviates (yijk), normalized average (1) and mean LOS rating (pLos) for

€ACH SETVICE TANZE (]) +vvvvvvrrrrreeeeeiiiiirrieeeeeeeeaasiutrereeeeeeeeaassnnsareeeaeesesssssssreeeeeeesessssnssssseeees 173
Table 7.64 Service levels for the upper limit of each k™ category. .........c.ccoevvvvveveveeenennnn. 174
Table 7.65 LOS thresholds for access distance of shared local taxi..........cccoeceeeeiniiiinnins 174
Table 7.66 LOS threshold values for service quality of shared local taxis..............cceuueee.. 175
Table 7.67 Summary of responses recorded w.r.t. service hours of 6-seater big auto.......... 176

Table 7.68 Normal deviates (yjx), normalized average (uxus) and mean LOS rating (pjLos) for

€ACH SETVICE TANZE (]) cvvvvrvrrrreeeeeeiiiirrrrteeeeeeeaaeearreeeeeeeeeaassrssaeeeaeeesesssssssssseeeeeesessssssssssseees 176
Table 7.69 Service levels for the upper limit of each k™ category. .........cccoevvvvveeeveeennnne. 177
Table 7.70 LOS thresholds for service hours of 6-seater big auto ..........cccceeveeeeeeecnnnnennnn. 177
Table 7.71 Summary of responses recorded w.r.t. overcrowding for 6-seater big auto. ...... 178

Table 7.72 Normal deviates (yjx), normalized average (uus) and mean LOS rating (pjLos) for

€ACH SEIVICE TANZE (J) +-vvvveeeerurrrreeeiiiieeeeiitieeeeettt e e e e sttt eeeesateeeeeeaneeteeeeansbeeeeaannbeeeeannneeeeeannes 178
Table 7.73 Service levels for the upper limit of each k™ category. .............cccoevevriicnnne. 179
Table 7.74 LOS thresholds for overcrowding of 6-seater big auto ............cccecveervieernneennne 179
Table 7.75 Summary of responses recorded w.r.t. delay of 6-seater big auto...................... 180

Xxviii



Table 7.76 Normal deviates (yjx), normalized average (pwus) and mean LOS rating (pjLos) for

€ACH SEIVICE TANZE (J) +vvvvreeerrrrreeeiiiieeeeiitteeeeritteeeestaeeeeesitaeeeeesssaeeeesssseeeesnnsseeeeansseeeeannes 180
Table 7.77 Service levels for the upper limit of each k™ category. ..........cccocveveeivveveennnne. 181
Table 7.78 LOS thresholds for delay of 6-seater big auto ...........ccceeeeveeiiireeeriiieeeeniieeeenes 181
Table 7.79 Summary of responses recorded w.r.t. waiting time for 6-seater big auto. ........ 182

Table 7.80 Normal deviates (yjx), normalized average (pwus) and mean LOS rating (pjLos) for

€ACH SETVICE TANZE (]) +vvvvvrrrrreeeeeeiiiiiiiieeeeeeeeaiatttreeeeeeeeeaasnnasereeeeeeseasssssssseeeeeeesessssnssnsneeees 182
Table 7.81 Service levels for the upper limit of each k™ category. ..........cocoovevveevveveennnne. 183
Table 7.82 LOS thresholds for waiting time of 6-seater big auto............cccceeveeeeeencnnnnnnnnn. 183
Table 7.83 Summary of responses recorded w.r.t. access distance of 6-seater big auto....... 184

Table 7.84 Normal deviates (yjx), normalized average (uxus) and mean LOS rating (pjLos) for

€ACH SETVICE TANZE (]) +vvvvvvrrrreeeeeeiiiiitrreeeeeeeesasiettrreeeeeeseaasssnrareeeeeesessssssssereaeeesessssnssssseeees 184
Table 7.85 Service levels for the upper limit of each k™ category. .........c.ccovvvevveieveiennnnn. 185
Table 7.86 LOS thresholds for access distance of 6-seater big auto ...........ccceeeeeeeecnnnnnnnnn. 185
Table 7.87 LOS threshold values for service quality of 6-seater big auto..............cccuuu.eee.. 186
Table 7.88 Summary of responses recorded w.r.t. service hours for cycle-rickshaw........... 187

Table 7.89 Normal deviates (yjx), normalized average (uxus) and mean LOS rating (pjLos) for

€ACH SETVICE TANZE (]) 1uvvvvrrrrrreeeeeeiiiiirrrteeeeeeesaeettreeeeeeeseaasssssareeseeesesssssssssaeeeaeessssssnssssseeees 188
Table 7.90 Service levels for the upper limit of each k™ category. .............cccoeveveiicncnnn. 189
Table 7.91 LOS thresholds for service hours of cycle-rickshaw ...........ccoccccovviiiiiinnnnenn. 189
Table 7.92 Summary of responses recorded w.r.t. overcrowding of cycle-rickshaw. .......... 189

Table 7.93 Normal deviates (yjx), normalized average (uus) and mean LOS rating (pjLos) for

€ACH SEIVICE TANZE (J) +-vvvvreerrurrrreeeiiiieeeeiittee e e sttt e e esttteeessatteeeeeanneeeeeeansseeeeenanbeeesennsneeaeannes 189
Table 7.94 Service levels for the upper limit of each k™ category. .............ccccceeveiicncnne. 190
Table 7.95 LOS thresholds for overcrowding of cycle-rickshaw .............cccoeciiiiiiiinnnn, 190

XXI1X



Table 7.96 Summary of responses recorded w.r.t. waiting time of cycle-rickshaw. ............ 191

Table 7.97 Normal deviates (yjx), normalized average (puwus) and mean LOS rating (pjLos) for

€ACH SEIVICE TANZE (J) +vvvvreeerrrireeeiiiiieeeeiiiieeeesttteeeestbeeeeeserreeeeeassseeeeasssseeeeassnseeeeansseeeeannes 191
Table 7.98 Service levels for the upper limit of each k™ category. ..........cococveveeivveveennnne. 192
Table 7.99 LOS thresholds for waiting time of cycle-rickshaw ............ccccccoveiiiiiiiiiiininnn, 192
Table 7.100 Summary of responses recorded w.r.t. delay of cycle-rickshaw. ..................... 193

Table 7.101 Normal deviates (yjk), normalized average (ukus) and mean LOS rating (pjLos) for

€ACH SETVICE TANZE (]) 1vvvvvrrrrreeeeeeiiiiiiitteeeeeeeaasiittrreeeeeeseaasnnnraeeeeeeesessssnnsssneeeeesssssssnssssseeees 193
Table 7.102 Service levels for the upper limit of each k™ category. ..........cocoovveevveveennnn.e. 194
Table 7.103 LOS thresholds for delay of cycle-rickshaw ............cccccoeviciiiiiiiiiiiiiii, 194
Table 7.104 Summary of responses recorded w.r.t. access distance of cycle-rickshaw. ...... 195

Table 7.105 Normal deviates (yjx), normalized average (pxus) and mean LOS rating (pjLos) for

€ACH SETVICE TANZE (]) cvvvvvvrrreeeeeeeiiiiirrrtreeeeeeeaaietrreeeeeeeseaassresareeeaeesesssssssseeeseeesessssssssseeees 195
Table 7.106 Service levels for the upper limit of each k™ category. ..........cccevvvveivveeenenenn. 196
Table 7.107 LOS thresholds for access distance of cycle-rickshaw .............cccccceeeennnnnnenen. 196
Table 7.108 LOS threshold values for service quality of cycle-rickshaw ........................... 197
Table 7.109 Calculated LOS ratings for all IPT modes of Wardha city............cccceeuunnnenenn. 198
Table B0.1 Existing Auto-rickshaw scenario in Wardha City ..........ccooeecvvviveieeeeeeecciininee, 245
Table B0.2 Existing Rental taxi scenario in Wardha City.........ccoocceeiiiiiiiiiiiniiiiiiiiiieeees 246
Table B0.3 Existing Shared local taxi scenario in Wardha City.......cccccccoveveeniiiinniienneenne 247
Table B0.4 Existing 6-Seater big auto scenario in Wardha City ...........ccoecveeriiiiinieinneenne 248
Table B0.5 Existing Cycle-rickshaw scenario in Wardha city..........ccooocvveiiiiiiiiienniiiinennns 249

XXX



LIST OF ABBREVIATIONS

AGFI- Adjusted Goodness of Fit Index

AHP- Analytic Hierarchy Process

ASHA- Accredited Social Health Activist

BRT- Bus Rapid Transit

CDIA- Cities Development Initiative for Asia

CFA- Confirmatory Factor Analysis

CFI- Comparative Fit Index

CMP- Comprehensive Mobility Plan

CNG- Compressed Natural Gas

DRTLA- Dar es Salaam Regional Transport Licensing Authority

EFA- Exploratory factor analysis

EV — Electric Vehicles

FA- Factor Analysis

GEV- Generalized Extreme Value

GFI - Goodness of Fit Index

GPS- Global Positioning System

HH- Household

ITA- Independence of Irrelevant Alternatives

IPT- Intermediate Public Transport
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ITS- Intelligent Transport Systems

KMO- Kaiser-Meyer-Olkin

LBP- Land Bank of the Philippines

LOS- Level-of-Service

LPG- Liquetfied Petroleum Gas

MDCEV- Multiple Discrete-Continuous Extreme Value

MIMIC- Multiple-Indicator, Multiple-Cause Model

MNL- Multinomial Logistic Regression

MSA- Measure of Sampling Adequacy

MOHUA- Ministry of Housing and Urban Affairs

MoUD- Ministry of Urban Development

NCT- National Capital Territory

NMT- Non-motorised Transport

PCA - Principal Component Analysis

RMSEA- Root Mean Square Error of Approximation

RTO- Regional Transport Office

SANTACO - South African National Taxi Council

SEM- Structural Equation Modeling

SERVQUAL- SERVice QUALIty

SUV- Sports Utility Vehicle
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SLTDA- Sri Lanka Tourism Development Authority

TCQSM- Transit Capacity and Quality of Service Manual

TLI- Tucker-Lewis index

TRP- Taxi Recapitalization Program
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