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Analysis of Metro rail Project selection
Bias with Principal-Agent Model

A case of Delhi,Bangalore,Mumbal,Jaipur and Chennai
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Background

» Urban Metro Projects have proven to be very useful in decongesting large cities.
» 148 cities around the world had Metro System.
> In World Metro systems carry 150 million passengers per day.

»>In India, many cities are now considering the Metro system as an alternative
»The 12th fifth year plan Urban Transport group has recommended, Metro is only one of the
Options for decongestion.
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Background

»Metro rail Transit is attached with the High capital and operating costs. It found that most of
the metro systems around the world are not financially viable.

»Public investment in rail transit has long been controversial (Wenling, 2006)

»>Failures of rail projects to materialize the targeted performance in terms of ridership
speed, operating costs, and development benefits, on which grounds they had been justified
(Pickrell ,1989)

» Anticipated project objectives are moderately met but at very high costs.
»Under-investment on low-cost and more cost-effective transit alternatives, such as the
conventional bus or Bus Rapid Transit (BRT), because resources are often allocated to light rail

investments. (Wenling, 2006)
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Need of Study

India's great Metro-Rail
opportunity

BangaloreMirror

MIRROR |

Crisis

AD MIRROR | PUNE MIRROR

Mumbai Metro faces financial

Bets big on the HC order on fare revision & assistance from Maharashtra Govt

The impact of the Delhi Metro has not been lost on policy makers and now metro-rail projects dot
various cities

SanjayJog | Mumba
June 29, 2016 Last Updated at 00:33 IST

METRO RAIL | ON LOSS, BUT ON TRACK
By Suchith Kidiyoor, Bangalore Mirror Bureau | Oct 12, 2016, 02.00 AM IST n 38 ua mn

The word “loss” instantly

disaster for any ongoing p
So too with the Bangalore
(BMRCL’s) five-year-old r
incurred a loss of Rs 60.3, BN
— almost double its previc

Amit Bhandari| Indiaspend.org
January 20, 2015 Last Updated at 13:26 IST
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But considering these ear |
from a range of nagging fz

When you think oil fields, you usually think oil-rigs in
the citv's metro rail servic

the deep sea or a forest of rigs in the desert.
News » City News » Jaipur News » Jaipur Metro withesses steep fall in ridership

Jaipur Metro witnesses steep fall in
ridership

TNN | Updated: Feb 1, 2017, 09.53 AM IST

What does not come to mind is a bustling metropolis.

But if you believe the adage that “a penny saved is a

penny earned”, the Delhi Metro doubles up as an oil

NATION, CURRENT AFFAIRS

Rs 100 crore loss for Delhi Metro despite riderst

DC | SANJAY KAW
Published Oct 13, 2014, 12:16 pm IST
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s footfall

Multibagger Stocks 2017

Claim Your Copy Of Multibagger Stock Ideas 2017 Edition. Absolutely Freel

® %
Get Your Copy

Reliance Infrastructure-owned Mumbai Metro One Pvt
Ltd (MMOPL), which on June 8 completed two years of
operations of the 11.4 km Versova-Andheri-Ghatkopar
metro line, faces a major financial crunch due to a
pending high court order on fare revision and lack of

commitment from the Maharashtra government
assistance. This is despite a 10 per cent rise in the
rage weekday ridership to 3,08,000 in June 2016
n 2,79,000 in June 2015.

Such a

Capital
Intensive Project
27?7 10
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Analysis of Metro Rail Project Selection Bias with
Principal agent Problem model

*»To Analyze performance of metro rail project
Investments in terms of

objective, ridership, revenue, and capital cost

*»To identifying the causes of metro rail forecast errors
and its sources

s Test the hypothesis through the application of the

Principal-agent problem to Metro rail funding process

Objective

10
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Methodology

2.Need for the study

1.Literature Review

Reviewing papers and Metro rail
policy

|dentification of Metro rall
Operation Indicators

Decision Making Concept
(Economic Behaviour Theory)

v

3.Process

How to measure Public Transport
Operation Performance ?

What Sampling method can be
used?

What is impact of principal-agent
problem on decision making
process.

1.Data Collection
(Metro DPRs & Policy documents)
2.Converting raw data into graphs

1.Delhphi Method
2.Interview with Experts
3.Schedule of Survey and
Analyzing the questionnaire

prepared

Identification of
Metro rail failure
reason

Identification of
different actor
(s) role in
decision
process.

Data

Secondar

Primary y
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Methodology

4.Comparative Analysis > 5.Conclusion & Suggestion

v

Preliminary analysis of data

Study the Operation Performance of
Metro rail Project (Forecast versus
Actual

Study the forecast errors

Application of Principal-agent model on
Metro rail funding policy
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Literature Review

Various Researchers > Developed and us~
performance

Two broad Indicators categories for P

Operation

i trans | | e
Daily ridership, Passenger per
2a L}fgment :

Performance Measures

Average Fare box

Speed, Average Metro rail revenue

Headway Operation

Performance  fifoJalorr (o
Indicators
P i _ Operation cost per
assenger trips per Service e

rcglvp;tr?l,]:;lz?enger Supply cont’ingencies, Revenue
hour, Average Trip length per kms, Cost overrun

w 2
1‘ (m' I _7r\Urban Mobility India
- CC)nferance&ExpoZ[]ﬂ




Literature Review
Forecast errors in metro rail are attached as followed

» Ridership: In Baltimore and Portland, it ranges from 66% to 85% below the original
forecasted. (Don H, 1990)

» Capital Outlay: The project cost at Pittsburgh’s light rail project were actually 11%
below as their actual forecast value, whereas Sacramento’s light rail and Miami
metro project is 13% and 106% less than forecast. (Don H, 1990)

» Operating Expenses: In case of Buffo’s Light rail (12%), Washington (200%), Atlanta
(200%) and Miami’s metro project (84%) above their foreseen level. (Don H, 1990)

» Cost-Effectiveness: In case of Zeytinburnu--gcilar Tramway cost effectiveness 58%
higher than estimated. (Ozge, 2011).

» Contingency allowance to cover cost escalation: The contingency allowance for -ralil
project is ranging from 5 to 10% of estimated project costs. (Don H, 1990)
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Application of Organisation theories on Research

Theory

Game Theory

Strengths (Regarding the Research
Problem)

Mathematical derivation of recommendations
regarding interdependent choices and
actions,

Institutional Theory Defines coercive, normative and mimetic

Network Theory

Resource-Based
View

pressures that lead to the sustainable
behaviour of organizations

Descriptive character that may be used to
map the interplay between MoUD and Local
authority regarding sustainable funding
mechanisms

Insights into the capabilities and resources
that are required to achieve competitive.

Weaknesses (Regarding the
Research Problem)

Highly restricted viewpoint
requires scenario modelling

Lack of understanding of non-
conforming organizational
behaviour

e provides no explanations for
Incentive mechanism design

Lack of theoretical foundation
and explanatory power of
mapped interplay

Lack of explanatory power
regarding incentive
mechanisms
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Theory

Transaction Cost
Economics

Strengths (Regarding the Research

Problem)

Concerns internal and external costs that result
from the sustainable behaviour of local

authority

Weaknesses (Regarding the

Research Problem)

e Dominance of transaction
costs

e No explanations for incentive
mechanism design

:Theory / Agency
 Theory

Strategic Choice
Theory

Stakeholder
Theory

« Structure of the design of incentive
mechanisms regarding information
asymmetries and agency problems (ex-ante

and ex-post contract)

 Derivation of recommendations for incentive
design with respect to the suggestions of

agency theory

Insights into the development of

interorganizational sustainability strategies

Explanatory theory that maps the interplay of
markets and resources , explains sustainable
behaviour as a consequence of stakeholder

pressures

* Restricted view on static
MoUD and local authority
relationships terminate of
efficiency objectives and
opportunistic behaviour that
may conflict with legitimacy-
driven sustainable behaviour

e Dominance of strategic
decisions

e No explanations for incentive
mechanism design

No explanations for incentive

mechanism design
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Analysis

1st Objective: To Analyze performance of metro rail project investments in terms of
objective, ridership, revenue, and capital cost

Case study : Delhi,Bangalore,Mumbai ,Jaipur and Chennai

2"d Objective :To identifying the causes of metro rail forecast errors and its sources
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Delhi Metro rail project-Brief
»Delhi MRTS objective was MRTS

,duly integratedroyigt agigitensbEdof Transport Metro Network
Yea'[he first %ggon of phg@;ll was opf&%d in 2003@1d Currently 193 20 Km (in 2016) of Metro-
praiknetwikdapperatiR@ership Ridership  Ridership '

1989 First Metro 1992 Metro Project 1996
DPR report got principal
prepared by approval from
RITES the Central
J' Government J
| ® |
First Traffic I Delhi became ] Metro project
Study by RITES National Capital finalised and
Suggestion for territory authority DMRC was
Mass Transit LBl The Transport 12ea establish (SPV)
subject shift to for project
State - 1mplementat10n
rFhase-Z wreen Line 18.5 Farabad "
Violet Line 23.4
B Orange Line (Airport 297 Phase 1 | Phase 2 | Phase 3
Express)

Source: The Metro Guys

Total 193.2 9S)Urtnm Mobility ndia
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l Forecast védpexAvers (RidRstignue
3000

Projected Projec Actual Actual : 250
. o . ., .. Achieved ™
&3P ridership  ted  ridership ridershi _. . 200 ¢
Rider
= 2000 pax/day Year  pax/day p Year o
~ 150 £
© 1500 |
S edo  27,68420 2016 29,10,000_ 2216 105
I\/'?é)[?o System ' Iiin 1' >0 g
0 -y‘__ —— l—‘ 0
Delhi Forecast Outcomes
200220032004200520062007200820092010201120122013201420152016
Phase-1 133234 114337
Phase-2 18798 14439

-I\/Ilgﬁrgslégtwork (in Kms) 16%-1%peration cost perlligf4 Passenger revenue per kms

Estimate versus Actual project cost

Opéifg Cost .
O Kins. is -o-Estimate

'PEBRE0 Cost per
@vg&%cper kms kms(In Cr)
oject Cost Actual Cost
Estiti&cost for P per kms(In
«Actud).QOmpletion cost of Phase-1 (as per 2011) : Rs. eld)

Delhi Phase-1 Delhi Phase-2 Delhi Phase-3
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Mumbai Metro rail project-Brief

The objective of ke gl SYRIBIEY LiRD

The first section of phase-1 was opeh"'@él‘ 2014 and Currently 11.4

Bhayandar

Metro1 \Netiwork

Bhiwandi

opdesing Daily Ridership Ridership  PHPDT ﬁ o) \ 5 g
W Kalyz
2NNo A7ENAR 20NN A 179ER : o / !
- 1969-1991 -.: 2003 Metro Project 2006
Metro Project DPR Report and
- Feasibility study Public ' .
' carried out by Consultation prep - Operation of
MMRDA ared by DMRC Phase-1 start
| ® |
Concept of Metro, I Mumbai Metro I Metro Project I
proposed for the Master Plan —— got principal
first time in Initiated by approval from
Mumbai 1007 MMRDA 004 the Central | June-2014
Metro project Government It
reflected in awarded on
Development Plan PPP mode
IVICATIIILTL IVIMAMIITINITUATL A e o 1 \J t’-h.lh![’l'.l.’l 348 I/’ - 1
Charkop-Dahisar (east) 7.5 f;
BABA| e { {7
Ghatkopar-Mulund 12.4 | 2
: S AL et a4
BKC to kanjurmarg cia Airport 19.5 o () ey
. . G I [\; et Chirner* Karnala
Andheri(east)-Dahisar(east) 18 s ooy G NN
Hutatma Chowk-Ghatkopar 21.8 | Line-2]|Line-3|Line -4 | |
Sewri-Prabhadevi 3.5 Line -6[Line -7
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For€peest versus ReveallRidership

5000.00 Actual Achieve 12
4000I:E)rojected ridershi  Actual d 10
'r|8ership Projecte s ridersh lershi g
City3000.p@ax/day — d Year 3y P Year P X :E;
2000.00 g £
Mumbfdoo_gol3,338 2011 2 )iOlS i.. ,
Metro 8yétem — For DT 2016) 0
Mumbali 2014 Eorecast 2015 Outcorn®¥®
P(?]%%réa:cilon Cost per Kilomzeéglzl(_lém Lakh) mm Revenuf4o4eii(ilometer(ln lakh)
Metro Network
Operating Cost
(opex per kms Rs Cr and

Revenue per kms Rs )
cost is higher compare to other metro system
*Average per kms fare Rs.3.9
Project Cost
sEstimate Cost for Line-1 (as per 2011) : Rs.
*Actual Completion of Line-1 (as per 2011) : Rs.
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Jaipur Metro rail project-Brief
>The objective for metro sysigm 15,19 preuidefas Metr & ‘Network

/

: : : cti I (? |y : J
X ?réer flrst sectlon_ of pt@grer-i%’ Was opened in 2?_12% gﬂﬁlﬁﬁren&\( (j?s Iérrp (i e
network is operating T lakh i ;
) a S) J’:,JUT URajmandir Cinema
2014 Mansarovar-Badi Chaupar 11264 2.1 e
202402 Mansarovar-Badi Chaupaf’” 16376 2.9 Augs gem St ,s;
Strategy for Traffic h, 4
203 MaxSameyarBadi Chaupar ZNR%? PR . 42 9| ™ F/j
Wilbur Smith SDO L PIEpAre | £
201 Sitapusavtaigustrial Area-Ambabari 1BHRC 3.2
| [} | ‘
2021 Sitapura Industrial Area-Ambabari 18683 4.9
Master Plan for CMP and Mass Metro Proj .
Tralhp&q  Sitapura Industrial ArediAmibebensal 22429 &8t Princip
Transportation D Ioc-h%{" bN ng[}\tﬁ{)l’k Approval f O
prepar‘ed by Shah 2006 §ve Pmlt(ﬂ Associate Tan-2010 the Central Wi 3
Technical Descrintion Undergroun Elevated ' Todedmme
" d(km)  (km) o (Rihp S
i : INIREEP Gttt s Al R
E-W Mansarovar to Badi 5 789 9278 12 067 : S
Chaupar
Sitapura I_ndustrlal Area to 5 095 18.004 23,099
Ambabari
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Operating Cos100 00 Operation versus Revenue 15

*Opex per kms Rs and Revenue per kms Rs mm Operation
120@0@@‘ ted high ! Actygl Cost per

. 301P o ridership  Kipinexedin
Aver(zilﬁ)eéper 1 pax}: ay Year Ye@r Rikle)ship
ProjectCost
‘Estimate Cost 1or Phiase- 1A (as per 2011) : Rs. 6 & rPeaSeSnenegerer
o L MV oo~ AN [ tmmca NN V u
oActyéjFﬁpmple@@Qﬁ’@Quo‘go-' se-1A@sqper 201 20%{6 X éf(m
400.00 Iakh)
Metro SRAEM 2016)2 — Metro
- Network(in
Jai uro'OO Forecast O()utcom(le%n )
. 2015 2016
Fnserl Estlmatel\/?’l%%s Actual project cost LES
6000
5000
4000 Estimated
2888 Cost at
1000 April 2011
0 (in Cr.)

2012-13 2013-14 2014-15 2015-16 2016-17
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Comparison of five metro rail performance

Forecast versus Actual ridership

3,500,000 250  mmQperationa
3,000,000 I
2 500.000 - 200 . NEtWOfk(in
BN 150 £ Kms)
o 2,000,000 < -o-Projected
£ 1,500,000 100 = ridership
2 1,000,000 0 PEVHEE)
500,000 N\ B ‘/{\\-L Actual
- . — -0 ridership
Delhi Bangalore  Jaipur Mumbai  Chennai pax/day
Passenger Per km
25,000
20,000
15,000 -
10,000 -
5,000 -
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Comparison of five metro rail performance
Ridership Comparison

No. of Average

Project (Country) projects SRS difference Stahdz_ard
(N) (25/50/75%) (%) deviation
India (2016) 5 -49/-88/-93 -58.56 39.34
Europe (2007) 6 -29/-4/45 -20.7 77.30
North America (2007) 10 -69/-63/-53 -60.0 17.0
Metro rail Operation Cost
7000.00 350.00
6000.00 300.00
_5000.00 250.00 __
i i
~< 4000.00 200.00
= 3000.00 150.00 <
= 2000.00 100.00 —
1000.00 50.00
0.00 0.00
DMRC BMRCL JMRCL CMRL MMRC
mm Operational Cost (in lakh) —Employ expence (in lakh)
Other Expence (in lakh) —Fuel & Electricity cost (in lakh)

ere . ) . (?")UrbunMobImy India
—Facilities Managment Services (in lakh) B Onference 4 Expo 2011



Comparison of five metro rail performance

450.00 140
400.00 120
350.00 L
300.00 -
250.00 80 ¢
200.00 60 o
150.00 40
100.00

50.00 20

0.00 0
Delhi Delhi Delhi  Bangalore Mumbai Chennai  Jaipur
Phase-1 Phase-2 Phase-3 Phase-1

mm Network (in Kms) -3-Estimate Cost per Kilometer(in Cr) Actual Cost Per Kilometer (In Cr)

. No. of projects Quartiles Average Standard
ARIEES (i) (N) (25/50/75%) difference (%) deviation
India (2016) 5 33/51/70 30.21 25.18
Europe (2008) 6 39/45/57 43.30 21.30
North America (2008) 10 33/42/54 35.80 30.40 ,
10 IRemre




3'd Objective: Test the hypothesis through the application of the Principal-agent problem to

Metro rail funding process
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Principal —Agent problem Model

Why Principal —agent model ?

»Structure information asymmetries and principal-agent problem that inherent the inter

relationship between the sta Principal-agent problem

metro rail project selection.
>t applied when the private information of agen{ creates a problem for the Principal.
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Principal-agent Model-A case of Delhi Metro

Assurance or

Principal Uncertainty _-7
Hon eSty [‘ “  Fare ﬁxatiog J Traffic Study 2
X CONFLICT =~ 3 ADVERSE X MORAL ;N T N
OBJECTIVE SELECTION HAZARD " N
S PR ey e e g N
| 1 ' >DPR report by »DDA proposed (f gnalys
] I ! / \

: I RITES || Dwaraka sector-21 /. / Delhi \
between the DMRC; | ): I corridor (DMRC |~ 'V'e'f:m /)‘ -
tand DDA regarding! ! »Forecast and Actual .: refuse, Traffic l . o [ /
I 1| - | Establishment easibility
Ith(? mgtro route , 1result of metro is :: study | ofSPV PR level)
1Selection I I biased : l A 4 y
I >Master plan was | : |: MRTS) : T AN y
! by |1 |1 >Forecast L, T e -
IDMRC (In 1% phase)! |, fidership changed | S~ V-7

I |
:r_ogtg alignment _: | |I>Two metro :

: The statement of I : corridor was l

| ridership projection is 11 (ridership :

| in Delhi :: result was not |

| 5 T R

: >H|dd_en agenda | efficient) 1 I

| >|\/|anlfeSt0 Of I » C(_)nference&ixpoZ[]H
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Principal-agent Model-A case of Mumbai Metro

Funding Problem (VGF

controversy)
MoUD
Principal <€ “iF~
Hidden Agenda, Over _ - :, -
estimation of Fare and =T S
Cost I< \\ Fare ﬁ:ca:w:l L Iriﬂi: Study . l\\
X CONFLICT ADVERSE X MORAL HAZARD,! “#~ R
OBJECTIVE  SELECTION Rodtealigmht cernative
———————— 1 r_________1'___________(ICorfidorseliction) Q.nalysiS\
|1 ! |/ X
Metro route | 1 had produced Traffic 1 L _ y Mumbai : __\
selection I 1 data (All private ' : I S ,)- =
>Absence of ! | Consults) || >Diffused in Fare ! | S
: : | 1 decision process : " ( Pﬁ‘f:&:ﬁf’)’
in Metro route |1 1 I >Argument raised by y /
selection process | | »Traffic data was not! : the private company | ,h S~ PR
_________ I by : I (MMOPL) that, the : ‘/ Approval ‘DIﬁ’review N/
: MMRDA | 1 project completion : S~ ‘L“i‘“di"g | byMeUDI=
, |1 costreachedupto ~« | -
| preferred in 114321 Cr.whereas the | ~¥-
“Phase-r =~~~ ~ B : original cost estimated |
; in DPR was 2356 Cr. |
I »Absence of :
! in I m A
“Project Cost 10 M@l



Principal-agent Model-A case of Jaipur Metro

Controversy for

: , .9 Inflated

IRidership and less
:capital investment
> Metro board

I
|
|
|
|
I Traffic Management by JDA and
: JMRCL (Asymmetric Information) !
1 (e.g during the construction of :
I phase-1, There are historical |
: monuments were found while :

|

e I drillings. This study was not
W N o A e

MoUD Funding
Principal <€
Political Pressure, M~
Refused for JV model : S~ _
X CONFLICT \ ADVERSE SELECTION AN A
OBJECTIVE o o o o o __ - LN S~ N

rFr====="—===== = 1 I /
1>Modern Technology ! | olice aligmeh —
Ifor Traffic solution : l Tra_nsport Pl_an (Prepaid by Wilbur(égﬁf;of:f]?fﬁ;n, \l%fmly;?\
:rather than adopting | : smith Associates) ! / \ \
l I between the IL==-'\ Jaipur ¥
! modeas | ! JMRCLand JDAregardingthe ' % Metro rail f.l .
\per requirement | | Metro route selection | E{ablishmant ¥
: | and 'Y ¥ y y

I . .
: for Mass | : rocess in MRTS route selection \\// . o 4
itransit system I of bondis e
| I, »Two for f funding by MoUD

!

!

l

!

!

!

|

!
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Overview of Principal agent problem

\4

Fare fixation Traffic Study

Fare Fixation Private Agency
Route aligmen’ b [CHR e Alterna

orridor selecti
StateAuthonty
Central & State Govt Private Agency
Establishmen Feasibility
of SPV MoUD .DPR level-1)
MoUD

ﬁ— : expert comittee)

Approval - DRP review

' 7rwrbunmbu|mndiu
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Conclusion

Transportation 1>

Principal —Agent
Problem

Next Waiting line for Metro
Rail Project
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Suggestion

Preparation Of“ Design a contract in such way that the

Traffic and _ o _
CMP study while designing the funding agreement.
ldentification scheme should be design for the truthful information. It
of Mass transit | may .The

rewards (penalty) would be decided based on the performance.(e.g. operation

Alternativ

ernative g pgj

Mass transit
analysis transit option for different size of cities.

tPﬁT}QO&QR, committee should formulate

Preparation under the power of NUTP, who can analyze all
of DPR &

Review report produced during the mass project selection. (Feasibility, Technical, Social

& Economic, and EIA report).

Increased the staff in NUTP committee.

Involved different field of

~ 1T A
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» The MoUD (principal) need to provide In
Corridor terms of funds .Due to minimum incentive State(agent) are willing to
Selection participated in the contract game mechanisms. The minimum incentive
should be worked based on the (agents)
» |If the projects are developed as state sector project MoUD may contribute
by way of
» Projects which are
rights to the concessionaire may be taken under PPP.
should result in project being taken in government

sector.

Establishment® > If central (due to
of SPV requisite autonomy in decision making) it provides, 50:50 JV .
» During shareholder agreement,
at the time of formation of JV.
» JV may provide within the ambit of transparency bodies and would be audited
by
» Metro board c(f?!ﬁi"n"c"e'?ﬂ’p"o’é%"f‘?




Thank You
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