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ABSTRACT

India has one of the largest rail networks in the world but has no line which can be
classified as HSR allowing operational speed of 125mph. The current fastest train runs
at 100 mph over a distance of only around 100 miles. However, supported by a robust
political willingness, a new HSR corporation has been set up to kick-start the HSR
projects from ideation to reality.

The first in this ambitious program is the HSR between Mumbai and Ahmedabad, two
major population and commercial centers in the west of India. The success or failure of
this project could show the way for future road map of HSR in India.

This research identifies and analyses the countries where HSR systems are in operation
— their political, economic and social conditions relevant to HSR systems and then the
features of HSR systems themselves to understand the commonalities between the
nations that have opted for HSR to identify if there is a common character or a baseline
characteristic in terms of geographical, economic, political and social conditions which
are essential to be a member of this exclusive club.

The High-Speed Railway project in India has very high financial, social and political
consequences. It’s success and failure will have huge rippling effect on all sectors of the
economy. Investment in a High-Speed Railway system in a developing country like
India as an option of transport infrastructure is fraught with serious risks and
uncertainties. A framework for identification and mitigation of risks associated with a
project of such gigantic nature and long gestation period, in the context of a developing
nation, is not available. All literature and studies for HSR systems are based in and
oriented towards developed/rich nations which are not relevant to India.

Development of a Risk Management Framework for its High Speed Railway system will
help India in predicting and managing the risks better and thus mitigating them to the
extent possible.

The objective of this research is to create a Risk Mitigation Framework for the on-going
High Speed Railway project in India, the biggest ever in history and to assess the
strengths and weaknesses to reaffirm the chances of its success. The results would be
relevant not only for India but for all other developing countries who aspire to be HSR
countries in near future.
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CHAPTER 1

HIGH SPEED RAILWAY INDUSTRY OVERVIEW

1.1 BACKGROUND:

After the introduction of High-speed Railway system in the Japan, HSR had a
huge impact on the world. On introduction of HSR system, transport sector has
rapidly changed. It has seen a rapid growth in passenger traffic and enhanced

share in transport pie all over the HSR countries.

High Speed Railway systems were possible because of technological
advancements like distributed traction, in-cab signaling, tilting technology for
coaches, computerized train control systems, reduction in running weight by
hollow axles and Al alloy box, smaller diameter wheels etc. High Speed Railway
systems were also supported by national policies and by international
organizations like the European Union, the WB, ADB and other institutional

financing agencies.

Railways have had a great influence on societies by changing the concept of
distance and time, making travel generally available to people at large. Railway
stations were viewed as a growth towards modernization. The introduction car
has dented the growth of rail industry and demand has decreased optimum. Cars
in general has luxury and considered as convenient mode of travel. The price and
door to door concept enhanced the value and usage of car. In 1960s, oil prices
were very low, and the car was an adequate means of establishing rapid economic
growth. Therefore, car use increased quickly. This phenomenon was repeated all

over the world.

The reasons for the cross-board support to HSR are many. The biggest reason is
that High Speed Railway system is the most economical and energy efficient



transport system in comparison to all other modes of transport in the medium
distance bracket (100-600 miles), as has been established by numerous studies.
HSR has been an unadulterated success in various exploitation and financial
models in a variety of contexts and countries. Criticism by the detractors is
basically on the grounds of charges of elitism, unaffordability, lack of popular
support, worthiness for taxpayers’ subsidy, overstated benefits etc. Financial
crisis is often cited as the biggest reason, be it the wealthiest nation like the USA
or a developing emerging economy like India. It would not be out of place to
mention that “High Speed” has always been associated (and yet survived) with

“High Cost” since the concept has come into being.

Considering that generally an HSR system is based upon separation of ownership
of infrastructure and operations and that the operations in itself are self-
sustaining, the state is actually richer by the opportunity cost of the not bearing
the responsibility of operations, which in a conventional railway, would have
been there.  Also of significance is the fact that the cost of building a
6-lane express way is almost the same as the cost of a high-speed railway while
the latter has much smaller land and carbon footprint and is three times more

energy efficient.

According to the UIC, whose definition of the HSR has the highest international
consensus, it is a broad system where trains regularly operate at 200kmph
(125mph). Trains regularly operating at the speed of 155 mph (200kmph) is also
defined as High-speed trains as per UIC and the same us applied in monitoring
international setting. Under this definition, 14 countries in Europe and Asia have
resorted to HSR in a big way and the USA too with the Acela (from Washington
to Boston) has joined the bandwagon, though it technically runs at the highest
speed of 241kmph. The USA has now launched the very ambitious CHSR, a part
of President Obama’s initiative to revitalize rail passenger transport all over the
country with a vision of the HSR playing a big role in the future of American

transportation.



1.2 INDIAN SCENARIO:

Even though India has one of the largest rail networks in the world but there is no
dedicated line corridor for High-speed trains. HSR allowing operational speed of
155mph. In order to set up High speed trains in India, HSR corporation has been

set up and four corridors has been identified for HSR purpose.

The first HSR project to be implemented in India is the corridor between
Mumbai and Ahmedabad. These two places are commercial hubs +in
Western India. The news reported by Reuters, when the project was launched,

was:

Business News | Thu Dec 10, 2015 2:43pm IST

India clears Japan's bid for first bullet train ahead of Abe trip

The Japan International Cooperation Agency (JICA), which had recently
submitted its final feasibility report of the project initially estimated a cost of
$US 14.7bn (Rs 988.05bn) inclusive of price escalation and interest during
construction, and a seven-year construction phase from 2017 to 2023 for what
will be India’s first high-speed project. A corresponding Japanese loan, with the
precondition that 30% of equipment is purchased from Japanese firms, is

available with an interest rate as low as 1%.

It is a matter of history that H Neuvon, who was a member of the Japanese
delegation (1960) visiting France to study the 25kV overhead traction system
and played an important role in the first Shinkansen, was closely associated with
the Indian Railways in introducing the Rajdhani Express trains in 1964. While
IR is still stuck at the same determined 130 kmph speed, the Japanese have

migrated to double the speed already.



This intransigence probably stemmed from the continuing dilemma within the
Indian establishment concerning the project's scope, technicalities and popular
acceptability. For one, a huge decision had to be taken over the business/
operation exploitation model (dedicated or mixed traffic with conventional
railway or freight) which has a direct bearing over the gauge selection and thus
its operating environment and revenue streams. One viewpoint referred to
Russia's plan to build its first high-speed line with broad-gauge tracks and arguing
that India should follow suit and build its high-speed line at 1600mm-gauge to
ensure interoperability with the rest of the network. In contrast there is an
argument to follow the example of Japan and Spain, where 300km/h lines use
1435mm-gauge tracks, which have dedicated HSR networks. For its part, JICA
has recommended building a standard-gauge network which would make it
isolated from the conventional rail network, with attended benefits and

consequences.

JICA planned that the line will require construction of 318km of embankments,
162km of viaduct, and 11 tunnels with a total length of 27.01km, including a
2.16km tunnel underneath Thane Creek to link Mumbai with Navi-Mumbai. This
is equivalent to nearly 35 % over viaduct and the rest on conventional track. This
proposal has an apparent inclination towards the viaduct option which is akin to
Japanese style were viaducts are often in excess of 75% of the track.

Given its present challenges of saturated routes and inadequate capacity in
crucial sectors like mine and port connectivity, some have argued that it might be
more prudent for India to focus on ramping up the speed of existing trains and
enhancing capacity of the existing system rather than taking to the fanciful idea

of running a high-speed network. However, the enthusiasm for high speed is



equally strong. "India cannot remain blind to the technological advancements
made across the world,"” one IR official said. "It is high time that the country took
to the high-speed route.” The successful development of the telecom and the air
transport sectors in India has shown that supported by political will, technology
and entrepreneurship, new models of organization and business have a low risk

and high gain future in a high growth economy like India.

Now that India has taken the “plunge” in High-Speed Railway scene, it will be

relevant to study the following issues:

1. ldentify and study the HSR systems available countries. Study inclusive
of train operation, infrastructure set up, countries and conditions like
political, social and other economic factors related to HSR

2. The system study of HSR and its financial data augmentation.

3. Lessons for India- on creation of a Risk Mitigation Framework to ensure

minimizing failures/losses.

The study detailing HSR systems inclusive of various parameters such as
political, economic and other conditions based on their respective GDP, land &
countries population index etc., will be taken into consideration. Comparison will
also be attempted for the existing transportation system and the geographic,
demographic, economic and political factors which contributes to HSR systems.
After studying the countries and the context, the governing features of the HSR
systems covering who owns and operates the HSR shall be attempted. The final
conclusion will be drawn based on the common features of HSR systems

available in the various countries.

The results derived from the exercises above shall be used to appreciate the
threats and opportunities and create a road map for the HSR dream of Indian

Railways.



1.3 ldentification of countries where HSR is in operation:

Following data depicts the different countries HSR systems and operational

comparison.

Country Line in operation  Line under construction  Total
L et 669 10225
B o 2219 3823
[ et 590 3042
| et 234 2106
DG o 378 1663
DG o 0 923
DG 23 510 745
NG e 0 362
L R 0 345
[T EEEERIE 0 113
~ Switzerland 35 72 107

Table 1.1 HSR Systems in different Countries

The first 5 countries can be called the HSR superpowers having nearly 21000km
(86%) out of the total 24000km (existing and under construction) of HSR of the
world. All these countries are major players in HSR construction and technology
transfer in other aspiring HSR nations.

The countries with longest HSR systems owned by China and followed by other
countries such as Japan, France, Spain and Germany. China is in the process of
expansion of its HSR network and construction for the HSR rail network is in
advanced stage. Countries like Spain, France and Turkey also in the process of
expanding their HSR rail network on the similar lines of China. HSR systems

were first built by Japan with an introduction of HSR commercial service in the



year 1964 and Europe also developed HSR systems in the year 1970 and HSR

systems were also become popular and efficient mode of transport.

The countries which operating HSR in the speed of 300 kmph are notably China
and France. The high-speed trains require dedicated HSR track to support the
speed. In China, maglev trains are running at the speed of 431 km/h as compared
to Germany and Japan where the speed trails were conducted at the speed of 550
and 581 km/h respectively. France country has tested non-maglev train at the

running speed of 574 km/h.

United State is the only country having exception to HSR speed trains where the
running speed is less than 200 km/h. It has now embarked on an ambitious HSR
program with the vision of connecting 85% of US citizens by HSR by 2030 with

the commitment of financial support to HSR systems & its development.

Japan and French are the only two countries where HSR systems are
successful. Japan operates the HSR based on the demand whereas the French
operates HSR based on minimizing the cost factor. The successful factors of HSR
are high demand and cost minimal construction costs. France was able to recover

its investments in 12 years.

Vickerman had concluded that the development of HSR as a new way of
transport has accelerated in many European countries and become a key element
in the priority TENs. The rationale for this has, however, been somewhat
confused so it is not clear whether HSR is simply an updating of the rail system
to deal with problems of capacity and thus help maintain rail’s market share,
whether it is a means of competing with the rapid growth of air travel for medium
distance journeys in the 400 to 600 km range, or whether it is a more fundamental
agent of economic change with impacts on both competitiveness and cohesion. It
also important that nations with high GDP’s and high growth rates need an
infrastructure which can sustain and promote the level of economic and
concomitant social development that such countries experience. (Roger

Vickerman)



1.4 REVIEW OF COUNTRY CONDITIONS WHERE HSR IS IN
OPERATION:

In order to assess the feasibility of HSR in a developing nation like India, we need
to analyze the economic, political and social conditions in the countries with HSR
systems. The aggregate quantitative and qualitative data for their geographical,
demographical and economic indicators shall be enumerated and compared along
with several political and cultural factors which are relevant to projects which are

enormous in terms of cost and time like HSR.

1.5 ECONOMIC CONDITIONS

Country Total HSR ~ GDP (PPP) Billion$  GDP/capita $

China 10225 8789 6600
Spain 3823 1368 33700
Japan 3042 4137 32600
France 2106 2110 32800

Germany 1663 2811 34100

_ 923 1760 30300

_ 745 863 11200

_ 412 1356 28000

_ 362 14260 46400

_ 345 718 29800

_ 209 381 36600

- 120 655 39200

_ 113 2149 35200

_ 107 317 41700

_ 0 5300 5100

Table 1.2 Economic Conditions

These statistics for mega regions comprising of the states of Gujarat and
Maharashtra (together) are:



GDP (PPP) Billion$ GDP/ Capita $

Table 1.3 GDP Comparison
The above figure displays the size of the economy of the country as measured by
Gross Domestic Product (GDP), as well as the GDP per capita, which captures
the portion of the economy per person within the country. GDP is important to
consider as a factor in HSR systems because it represents the size of the economy
as a whole. The bigger and more advanced an economy is, the more complex
transportation infrastructure is necessary, such as air, road and rail transit

options, to move people and goods.

Gross Domestic Product of the country will always decide government taxation
and revenue allocation to the projects like HSR since, the HSR system purely
working depending upon the government resources and financial support. GDP
per capita is an indicator of societies standard of living duly measuring the
country’s output per person. The GDP per capita gives broad picture of living
standards of the country. The countries having higher GDP per capita will ensure
to provide their citizens more efficient and fastest mobility thereby reducing de-
congestion of metropolitan cities. HSR unlike air travel is less expensive and
energy efficient and HSR enroute places act as Hub which leads to higher

economic and industrial growth.

India has displaced Japan to become the world’s third biggest economy in
terms of purchasing power parity (PPP), according to a World Bank. The 2014
round of the bank's International Comparison Program (ICP) ranked India after
the US and China. PPP is used to compare economies and incomes of people by
adjusting for differences in prices in different countries to make a meaningful

comparison.

The survey covered 199 economies. India was now the world's third largest

economy, moving ahead of Japan.


http://economictimes.indiatimes.com/topic/India
http://economictimes.indiatimes.com/topic/Japan
http://economictimes.indiatimes.com/topic/purchasing%20power%20parity
http://economictimes.indiatimes.com/topic/World%20Bank
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The above information places India at a favorable position as far as the GDP is
concerned but when converted to per capita GDP, all the HSR nations are far
ahead except China. GDP per capita is only the rough indicator and does not
endorse for real GDP of the country. It can be correlated other better measures of
standard of living. GDP per capita gives an idea that the amount of money that
each individual gets in a country where he is living. Hence, we can conclude that
the statement of GDP per capita is unable to delineate differences in the output,
the employment and the per head earnings of the citizens of the country. It takes
into account that the employment vis-a-vis with earning of a region, which inhabit
wealthy people from the zones that inhabits comparatively poor people on

account of unemployment and economic or poverty situation.

The fact that China has leapfrogged into the HSR world and has now begun to
export the technology proves that this could not only be an economy driver within
the region and the country but also a sound earning potential from export of
technology within a decade.

The increase in HSR fare is due to price competition of aircraft sector. India has
a huge population which can sustain the High-Speed Railway network, but ticket

prices have to be affordable and competitive to other modes of transport.

The following data depicts the comparison of fare structure between HSR and

aircraft:
Country Cities HSR Aircraft
Tokyo-Osaka 100 100
Paris-Lyon 100 130
Seoul-Busan 100 130
Mumbai- 100 100
Ahmedabad

Table 1.4 Fare Comparison
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Capital cost of TGV of France found to be cheaper. This is possible due to usage
of articulated bogies in trains. It lessens the lading tonnage of train on track. Japan

on the other hand has more tunnels and bridges because of their land structures.

[Tofuku Shinkansen " Tokyo-Morioka 465 20 35
IChoetsu Shinkansen'| Omiya-Nikata 270 11 41

_ Paris- Lemans 290 5 10

_ Frankfurt- Cologne 180 4 32
IKTX 1 Seoul-Busan 410 13 42
_ Taipae-Kaoshung 345 6 48

Table 1.5 Cost vs. Construction comparison table

1.6 POLITICAL CONDITIONS- COMPARISON OF GOVERNMENTS:

Country Total HSR Type of government
Communist, centralized, heavy command and control, policies easy to
10225 implement
3823 Parliament, 17 regional autonomous governments

- Parliament with 47 prefectures, heavily centralized, dependent on
center

Small country, power centralized in national govt, little powers to

Spain
-

local govt
_ 1663 Parliament with 16 small states, limited powers to states

Parliament, 94 small provinces, heavily centralized and answerable to
_ 745 Parliament with 81 provinces, less autonomy to provinces
_ 412 Parliament, 9 provinces, 7 cities, semi-autonomous provincial govt
_ 362 Parliament with high federal character
_ 345 Parliament, 18 counties, centralized
_ 209 Parliament
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120 Small country, Parliament, 12 provinces, heavily centrally inclined
113 Parliament with strong states
107 Parliament, 26 cantons, highly autonomous

0 Parliament, 26 states, highly autonomous

Table 1.6 Comparison table of Political conditions
HSR system implementation depends upon the government policy, rules and
regulations. Strong government will dominate the implementation of HSR
systems since its policies, laws and regulations are consistent in nature. Greater
independence will always ensure growth and speedy implementation of the HSR
project. If HSR policies are decentralized, then project implementation is purely
depending upon the sub-national governments which always pose threat to HSR
implementation as the policies and regulations may change depending upon the
government is in power. The concept of federal systems such as one in US are
entirely different as the sub-national government also enjoy the same powers of
national government. The situation in China is different as the China political
system is authoritarian, so laws and regulations for implementation of HSR
systems are more powerful and consistent one. The Central authoritative
government in China can easily implement the HSR systems compared with its

peers.

Since HSR systems are large in terms of cost and time, investors, particularly
foreign look for a stable and peaceful environment over the long-term horizon.
Other than the first BOT in HSR, Taiwan was a leader in providing this enabling
environment by creating a constitutional body to govern HSR which will not be
affected by change in the government.

India stands at a vantage point in this factor considering that it has a stable
democracy which is devoid of any major political and social turbulence. But
following the footsteps of Taiwan by creating an authority which is insulated from

possible political fracas will be a step in the right direction.
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1.7 GEOGRAPHIC AND DEMOGRAPHIC FEATURES

The tables below give an understanding and insight information about HSR
systems available in the countries vis-a-vis with its geographic and population.
The population index will play major role in deciding the implementation of HSR
as the High-speed rail network require dedicated rail network for which land

availability is the major concern in implementation of HSR systems.

_ 9569901 1340

_ 498980 40 81 77
_ 364485 127 350 66
_ 549970 62 113 77
_ 348672 82 236 74
_ 294140 58 200 68
_ 769632 76 100 69
_ 96920 48 500 81
_ 9161966 308 34 82
_ 32260 23 712 -
_ 30278 10 344 97
_ 33893 17 493 82
_ 241930 61 252 90
_ 39997 8 190 73
_ 3287570 1189 361 34

Table 1.7 Geographic and Demographic Features
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From the above, it can be concluded that densely populated countries show a high
possibility of developing railways. Korea has 500 persons/ki, Japan 350 persons/
ki, German 236 persons/ki, France 113 persons/ki. This confirms that Japan’s
rail passenger traffic shows 26.8% of the modal share in transport. Korea has a
higher population density than Japan. If Korea wanted to expand its rail system,
the passenger traffic is also likely to increase. Considering the speed and
transport, railway transport are superior to road and aircraft if the speed of

200km/h and distance of 500 km is concerned.

The data available between region will not normally reflect the differences
between regions. The countries prevailing situation may different from the
available country data. With the context of the Mumbai-Ahmedabad HSR
corridor in mind, the aforementioned data for the mega regions comprising of the
states of Gujarat and Maharashtra (together) which will be the primary catchment

area for the HSR corridor are:

Land area sq Population Population density ~ Urban Population

km Million per sq km

Table 1.8 Population features

HSR system depends upon economic condition, citizen support and patronage
towards commuting in HSR from one place to another. The successful rate of
HSR will normally increase if the country having large populated and urban
centers and good GDP contribution. Research has suggested that, HSR system
will work efficiently if the distance between two population centre is more than
100 miles. If more than 600 miles, the preferrable mode of transport is airway and

less than 100 miles car will be the efficient transport system.
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It can be seen from the above chart that majority of HSR system available
countries are having less than 5,50,000 sq km of land area. The only exception is
China and United States where the land area is more than 5,50,000 sq kms but
HSR systems are very limited. The following data reveals the average moving

distance of HSR per person as follows:

France Germany Japan Korea

- 308 km 258 km 240 km

In France distance between station is 142 km, whereas in Japan, it is 34.5km. The

reason behind less distance in Japan is due to its major cities along HSR sector.

Countries with HSR system having density of more than 200 people per sq km as
compared with United States where considerably less population is found.
Urbanization rate in the US is different from other countries giving a considerable
thought that US population is denser compared to other countries. In countries
like countries like China also, despite having large land area has dense population
centre. Hence HSR to be implemented in a most efficient and effective way in
those regions. Hence it can be concluded that concentrating and implementing

HSR within region would prove more economical and viable.

India, on the other hand is much smaller than China and US but much larger than
other HSR countries. The population density of over 300 in the country and 350

in the HSR corridor augers well for the proposed HSR corridors.
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1.8 EXISTING NON HSR TRANSPORT INFRASTRUCTURE IN HSR

COUNTRIES:
Country Land Area Airports Railways Standard
sq km route km Gauge
_ 9,569,901 195 77,834 77,084
_ 364,485 49 26,435 3,978
_ 96,920 25 3381 3,381
_ 769,632 49 8,697 8,697
_ 32260 16 1,582 345
_ 348,672 65 41,896 41,641
_ 241,930 41 16,454 16,151
_ 30278 14 3233 3,233
_ 294,140 39 19,729 18,317
_ 549970 41 29213 29,046
_ 33,893 11 2,896 2,896
_ 498,980 30 15,288 1,392
_ 39,997 7 4888 3397
_ 4,324,782 456 229,450 NA
_ 9,161,966 419 226,427 226,427
_ 3287570 132 65348 -

Paved roads
In km
3,583,715%*
961,366
80,642
426,951%*
40,843
644,480
398,366
119,079
487,700
1,027,183**
136,827**
681,224
71,384
5,454,446**
6586610
4865000

Table 1.9 Non-HSR Transport Infrastructure features

Express
ways (km)
53,913
7,560
3,367
1,987
976
12,600
3,520
1,763
6,700
10,950
2,582
13,872
1,793
NA
75,040
1324



Non HSR transport infrastructure-

Relative numbers in terms of per 1000 sq km of land area

- 2.04 8.13 374.47
- 13.44 72.53 2637.6
- 25.79 34.88 832.04
- 11.3 554.74
- 49.03 1266.05
- 120.15 1848.38
- 16.95 68.01 1646.6
- 46.24 106.77 3932.8
- 13.26 67.07 1658.05
- 7.45 53.11 1867.7
- 32.46 85.44 4037.02
- 6.01 30.63 1365.23
- 17.50 178.47 1784.7

4.57 24.71 718.9

4.02 19.87 1479.8

Table 1.10 Comparison of Non-HSR Transport Infrastructure
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Air travel infrastructure in most HSR countries with the high-level availability of
airports. The concept is proved in Europe. In countries like US and China where
geographically much larger size than Europe countries has a smaller number of
airports. The availability of HSR system is an indicator of rail-based growth
infrastructure in a country. The rail network may be of any type like freight or
passenger trains. In US, the availability of HSR system is very less wherein it has
other good rail infrastructure. The roadways and exclusive express ways give an
indication of good road-based infrastructure in the country. United states has
significantly good road infrastructure as compared with any HSR country. China

and France also have large roadway infrastructure as compared with US.

There is no relationship between road infrastructure and HSR systems. As per the
research of HSR system, car travels are more convenient and easily accessible for
shorter trips, and HSR system having significant advantage if the travel distance
is more than specified kilometers or longer trips.

India stands at the middle of the infrastructure spectrum in terms of
airports, railways and roads in HSR nations meaning thereby that it has
adequate supporting infrastructure to create efficient synergy in the overall

transport environment.
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1.9 CULTURAL CONDITIONS:

Culture can play a major role in deciding people perspective vis-a-vis with efforts
and policies which require to develop HSR systems. Culture always provides and
supports the government policies and collective actions in implementing HSR

systems.

According to Geert Hofstede has linked cultural dimensions that have been used
to support business with other governments and also to understand the cultural

background of the country where the business operation operates.

The dimension listed are Power-Distance Index, Uncertainty Avoidance Index

and Long-Term Outlook.

Power Distance Index (PDI) refers to the degree of inequality that exists between
people with power and without power. A high PDI score indicates that a society
accepts an unequal, hierarchical distribution of power, and that people understand
their role in the system. Countries with high PDI score where individuals defer to
and respect only authorities with the power in a government. This will impact
HSR system where people more likely to confront with the government decision
where high PDI score available in a country. As compared to China, US has lower
PDI score.

One perhaps less obvious condition to consider in relation to countries with HSR
systems is the culture of the given country. Culture can play an important role in
how people view collective efforts and policies, such as those required to develop
HSR systems, as well as how people view, trust, interact and defer to government
and others authorities. In this latter sense, culture provides the context within
which political conditions and governments exist. In this way, some cultures can
be more amenable to certain government policies and collective actions than

others.
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While it is difficult to generalize culture for countries and to definitively
determine whether culture actually has a significant impact on something such as
HSR, some commonalities and trends do exist. Business consultant and social
psychologist Geert Hofstede has mapped several dimensions of culture that have
been used to assists businesses that have relations with foreign governments and

business partners to better understand the cultural environments they operate in.

The dimensions listed here include: Power Distance Index (PDI), Individualism

IDV), Uncertainty Avoidance Index (UAI), and Long-Term Outlook

Country PDI IDV  UAI LTO

o
S

20 30 118
46 92 80
18 &5 75
37 85 0
17 69 87
67 65 31

LW L O O W
whnh oo O O s

Country pDI IDV  UAI LTO

(98]
()]

89 35 25
75 94 0
76 75 0
71 86 0
80 53 44
51 86 86

W h W O W O
A Q9 o0 0 O W

68 58 0
91 46 29

I
S

Table 1.11 Social/Cultural Dimension features
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Cultural dimensions score in India:
Source: Going Local in India: Carol Barnum, Anant Patil, Dec 2010

Index India World HSR Range Consequence

Average Average for India

77 56.5 52.85 34-80  Very positive

48 40 57.57 18-91  Positive

40 65 68.5 35-94  Not positive

61 48 61.125  29-118 Positive

Table 1.12 Cultural Dimensions Score features

Power Distance Index (PDI) defined as the degree of inequality that exists
between people with authority and without authority. A high PDI score always
indicates that a society accepts an inequality, degree of distribution of power and
that people understand that where there have been placed in the system. If any
country is having more PDI, then the development and implementation of HSR
is easy as the people will easily accept and cooperate with the authority in
implementing the project. On the other hand, countries where there is a lower
PDI are more likely to defer with the decision and challenge the authorities. It is
seen that China has high PDI score as compare with US, since US has low PDI.
In other words, HSR system implementation is very easy with the score above 50

as seen from the HSR available countries.

The PDI score of India is 77 as compared with the world average PDI score
of 56.5. The high PDI score indicates that inequality of wealth, power are
accepted by the society. (Hofstede et al., 2010, p. 54). It implies that if the
government has rules and policies regarding implementation of HSR, then the
same will be implemented without any difficulty or resistance from the public s

the authority decisions are support by large public.

The Individualism score is defined as a preference for a loosely-knit social

framework in which individuals are expected to take care of only themselves and
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their immediate families. Some of sort of selfishness in individual actions in the
society rather collective sensibilities. Countries with a high IDV score always
represent the strong individualism, whereas counties with a low score would
indicate strong collective responsibilities. In contrast, China despite having low
IDV score having HSR systems and rapidly expanding its network length without
any problem. In contrast, the United States has a very high IDV score but not able
to implement HSR systems successfully as compared with other countries having
high IDV.

India’s low individualism score (IDV) suggests that its culture stresses the
interdependence and long-term mutual obligations between individuals and
organizations. This interdependence influences an individual to want to be in an
environment where he feels belonged and integrated. Hence, collective cultures

enjoy group work and derive their identity from being part of a collectivity

The Uncertainty Avoidance Index is defined as how well people can cope with
anxiety. In societies that score highly for Uncertainty Avoidance, people attempt
to make life as predictable and controllable as much as possible. A high UAI score
indicates that the society is likely to favour rules regulations where uncertainty is
present. People who are not having familiarity with HSR may view HSR project

as a new and uncertain technology and may lead to closure of HSR projects.

It may be concluded that if there is high UAI scores in a country then the
country wanted to prefer HSR structure and also to deal with the
uncertainty. In Europe, it contrasts with China on the UAI score (Lowest
amongst other countries) which implies that Europe where the HSR systems is a
boon for mitigating climate change. China, with its low UAI, wanted to deal with
rapid growth and economic expansion and HSR system being a new technology
to solve the problems on hand. United States having average score indicating that

it does not endorse in dealing with uncertainty.

India is having Uncertainty Avoidance (UAI) score at 40 when compared to
the world average of 65. The score of 40 UAI implies that the culture in India is
acceptable to unstructured ideas and situations. The limited rules and regulation
are tries to attempt unknown and unexpected situation.
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Long-Term Outlook is referring to a measure of culture orientation in a future
period of time. A High LTO score indicates a strong culture that yields long-run
results. A low LTO score indicates a greater focus on decisions ovr a period of
time. High LTO scoring countries are willing to take up big infrastructure projects
like HSR even though the project will take a greater number of years to get
completed. The HSR projects involves creating basic infrastructure like track and

will take lot of time in completing with the operations.

China has a very high LTO score similar to that of United States. In Europe, which
already have developed HSR system because its development is the result of
immediate response to needs of the people. In the case United States, it could
possible for the development of HSR, where such development as a result of
political compulsion until there is a perceived need to address issue. India’s high
LTO score indicates that the country has a rich values and respect for tradition
culture and always repay the hard work put in present to get a desirable result in

future.

The outcome from the above foregoing analysis of culture, do not represent a
comprehensive picture of culture in any given country. In general, cultural
difference may be experienced from region to region and country to country
within the parts of country. Cultural generalization cannot be made based on the

culture available in parts or the region concerned.

The cultural scenario available in the countries plays an important role in deciding
the development of HSR like people preference of car over the public transport
system. Such cultural factors should also be given due consideration. However,
from an Indian perspective, it can be said that from these social
psychological indicators, HSR can be a long-term project which would be

acceptable to the population in general.
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1.10 HSR AND PASSENGER RAIL SYSTEM FEATURES

The following table depict the size, ownership structures and financing of HSR
in these countries. Privatizations and the breaking apart of monolithic state
companies are usually done because of the losses incurred by the state-run
companies and because of perceived gains in efficiency and profits from making
public HSR companies more competitive or from privatization. This latter
consideration has driven EU laws mandating the breaking apart of monolithic
state railway companies and the separation of those companies into

independent operations and infrastructure companies.

The initial infrastructure like track and other basic infrastructures require for the
operation of HSR are funded by government in most of the cases in view of large
cost involved in setting up of basic infrastructure of HSR systems. In some
countries, HSR services are either privatized or HSR operations carried out with

the help of international consortium associated companies.

State owned State owned 50% national government,
corporation CRC corporationCRC 40% bonds by MoR, 10%
states
State owned Private companies Infrastructure on lease to
JRCTTA private companies
State owned State owned corporation National government, loans
Construction & KTX
Transportation
ministry
State owned State owned company State funding
company TCDD YHT/TCDD
Privately owned Privately owned Privately owned THRSC for
THRSC 35 years, then transfer to
THRSC government
State owned DB State owned DB Both owned by BEV
Netz (Federal rail property

agency)



Privately owned
Network rail

state owned
Infrabel

State owned RFI

State owned
company (RFF)

State owned
company Prorail

State owned
company

Private company
BLS

Privately owned
companies

State owned
Ministry

Private Rail operators

State managed by
NMBS/SNCB;
Operated by 4 private
IV’s
state owned Trainitalia

State owned company
(SNCF)

2 international JV’s
(Thalys and Intercity
Express)

State owned company
RENFE & 2 PRIVATE
COMPANIES

Private company BLS

State Owned Amtrak

25

Government grants
subsidies

Both owned by FS holdings
(State Railways)

Both owned by French
Ministry of Transport

National Funding

Fully Privately owned

Federal Funding for
upgrading

TBD

Table 1.13 Comparison of HSR and Passenger Rail System features

The conclusions can be enumerated as follows:
1. There are no single formulae for constitution of the structure for an HSR

company. Simplistically speaking, the organization model is as follows:

Infrastructure Operations ~ Examples

Private Taiwan,Switzerland, UK, Japan

State USA

Private Belgium, Netherland, Spain

State Turkey, China, S. Korea, Italy,

Germany, France

Table 1.14 Comparison of operation features
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Most of the European HSR systems have separated ownership of
infrastructure and operations under mandate by the EU. However, either

both or one are being owned by the government or by private companies.

Debt associated companies are having full support from the government
in order to clear their debts related to HSR by the way of extension of
credit facilities like soft loan or in the form of low interest loan from the
government so that the debt driven companies can able to repay their debts

from the financial assistance extended.

It is seen that initial capital resources are from government sources which
are required for HSR, EU law mandates the separation of operations and
infrastructure companies in order to encourage private competition to
public operators and to encourage more transparent pricing and bidding

for access to track owned by public infrastructure companies.

It is noticed that in several companies’ profitable operations were made

in HSR systems duly privatizing the operations.
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High Speed Railways worldwide generate surpluses from their operations
because they attract more passengers and generate more revenues at lower unit
costs of production (for ex. crew can make two rounds of trips instead of one). In
most of the countries, HSR systems generate enough revenue to cover
‘Operational Costs’ and most of the HSR lines cover some of their ‘Construction
Costs’. Tokyo-Osaka generated enough operation surpluses in its first decade to

completely match capital costs.

Analyzing the business exploitation model and the infra structure creation model
adopted by all the HSR countries, it is seen that, as in the case of ownership study
earlier, there is no pattern which runs through the HSR system suggesting a
straight jacketed structure regarding exploitation model. Every country has
adopted different models for different projects within the same country. One
philosophy which probably runs common to all is that the track gauge adopted
by them for HSR lines is the same as that of the mainline railway system. Since
choosing a particular exploitation model is a decision affected by the comparison
of the costs of building new infrastructure versus the costs of upgrading (and
maintaining) the conventional network, or a combination of both, the definition
and decision of HSR model immediately becomes not only a technical question

but also a (very relevant) economic one.

1.11 SUMMARY OF THE ABOVE STUDIES:

POLITICAL ENVIRONMENT:

In HSR systems, it is observed that the national involvement is must. Without
support of national involvement, it is very difficult to implement the policies
related to HSR in the state-oriented projects. If the national and state government
having different ideologies and regulations, support in implementation of HSR
systems will be very much difficult as the resistance from state may lead to failure

implementation of HSR.

In terms of the political environment, most of the HSR countries are democracies
with a stable and strong central government. In India, the structure of the

government has a strong federal tilt with states having a large portfolio of subjects
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to legislate upon, much like that in the USA. However, a lot depends upon the
political lines the ruling parties in the states are affiliated to. The project in
question in India (Mumbai- Ahmedabad) serves the states which have the same
ruling party as that in the center and both have long tenures ahead. This would
allow both the state and central level to carry out smooth operations in
implementing HSR systems without any resistance. What would be necessary is
to create an arrangement of coalition of states and the center that facilitates
(including funding) and provides a stake and ownership in the system.

It is observed that India and US are having similar and strong federal character of
the government with states having greater autonomy. China, on the other hand,
has an authoritative government. The Chinese central government is in a
relatively strong position in terms of financial and administrative power, and it is
also relatively strong in implementing national policies. In all other countries
where the HSR systems exist, the national governments are much stronger have
a much larger say in the course of policies than the state and local governments
do.

It is common in HSR systems available countries that the cost towards operation
and maintenance are met out from the fare that has been collected from HSR
network. The other infrastructure cost towards track is sourced from the
government financial assistance in view of large capital investment required for
the basic infrastructure. In Japan also government has initially extended the
initial cost towards basic infrastructure and further private companies are able to
do the operation and maintenance from their financial sources like fare collection
etc., Even in the case of Europe HSR systems also implemented on the similar
lines of Japan that initial funding from government towards basic infrastructure

and maintenance and operation from the revenue collection.

All large infrastructure projects including HSR (save a few nations like Japan)
have been built by borrowing money. It is only the financial leverage that a
country can expect to possess by which the repayment of loan is possible. Also
of note is that in a conventional railway system, the infrastructure and the trainsets

and the operations, including staff has to be provided by the state whereas in an
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HSR, the state provides for only the infrastructure and leaves the rest to the
private parties. Thus, the financial burden on the state and in turn the common
taxpayer through tax on GDP is not much higher than the conventional railway

system where as the quality of service is much superior.
CULTURAL ENVIRONMENT:

This study attempts to generalize the cultural ethos of a society and there are
obvious pitfalls. However, it does give a broad conceptualization about how
mature and ready a population is for accepting a decision of such large

consequences.

India ranks high indicating on the PDI score which results cooperation with the
government authorities in implementation of HSR systems. The PDI results in
imposing HSR through a government decision (particularly with a favorable

political environment) may not find much resistance.

In terms of individualism, India ranks low and that means that collectivism often
masks individuality in India and the population is more amenable to collective
national decisions. This could be a favorable turn in the decision making towards
HSR. However, the HSR should be presented to the public as the American
Highway effort was placed in the 1960s. Though it was a collective effort, it was
presented as a quintessential American endeavor because of the independence it

would provide to people.

In terms of UAL, India ranks pretty low meaning that Indians are normally highly
risk averse than other HSR countries with the exception of China. Which means
that the people of have embarked upon its HSR implementation. The HSR policy
to be transparent ad to be accepted at all levels of public citizens so that the
hurdles of implementing HSR systems will be reduced. The government has to
initiate and spread awareness and educating common public about the HSR

systems and its benefits.

The LTO is favorable to HSR in India where this index is fairly high suggesting

that the Indians have a more “long-term” thinking compared to others in the HSR
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group. If HSR is presented as a long-term solution to a long-term need, support

in India is likely to be much higher.

Overall, it can be concluded that as a society, in India, HSR can expect to be
greeted with cautious optimism but the government will have to present it to the

public tactically with a bottom-up approach.
ECONOMIC AND GEOGRAPHIC CONDITIONS:

In order to implement the HSR network, huge funding is required, which can be
afforded only by well supported GDP growth supported countries. All countries

cannot afford HSR infrastructure in view of their financial position.

HSR systems funding not only depending upon the government financial
assistance, it also requires external capital support. The government financial
assistance alone cannot lift the HS project in view of large financial implication
of HSR systems. Hence, capital infusion from public sector and other foreign
funding agencies supports also require to implement the HSR systems in order to
make the project financially viable and technically feasible. Whatever form HSR
governance and ownership might take in India, it is likely that it will require an
infusion of capital from the public sector. Now that the JICA has come forward
with a proposal of a soft loan, the National government in India has fewer troubles

as far as funding of the project is concerned.

Even geographic wise selection, most HSR systems available countries are
relatively very small when compared with China and USA. In both the countries
like China and USA as compared with India relatively larger in size and operation
of HSR systems are in particular region only i.e in east coast region. Even the
USA is not planning an East West high-speed connection relying on the rule of
thumb of 100 — 600-mile range for HSR to be cost effective. India HSR program

qualifies well on this account.
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HSR AND PASSENGER RAIL SYSTEM FEATURES:

HSR service provider companies are classified based on the funding from the

government as following:

1. A company with independent source, public funding, private companies having

entrusted with operation of rolling stock without government assistance.

2. Private rail infra companies responsible for maintaining track and allowing

other private players to use the rack infrastructure.
3. A state owned companies with assistance of government funding.

Having highlighted this commonality, it is observed that there is a wide difference
in the structure of almost all HSR systems, particularly in regard to ownership of
the system and the business exploitation models they have opted for. Some HSR’s
have privately owned infrastructure with publicly owned operators (USA) and
others have the opposite (Spain). Some have completely dedicated new lines for
HSR and some share their lines with conventional railway systems, either
passenger or freight. The models adopted are based upon operational exigencies

and economic/ financial considerations.

The cost towards building HSR infrastructure is normally very huge in nature and
companies will normally looking the support or financial assistance from
government. In some case HSR services are owned by private who in turn having

financial back up with the support of international consortium of companies.

In general, the state-owned companies are bound to work with limitations and
may ended up with less profit or no profit, for which the only solution is to
privatize these loss making state owned companies so as to make them profitable.
This step will be a major obstacle to crack in terms of Indian conditions where
the railway is owned and operated by the national government. Being the largest
employer in the country, it has forceful unions which have a strong influence over

long term decisions like breaking up organizational structures.
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In common, companies having independent business do not receive any type of
government assistance and basically defined as private companies. Companies
operating with the assistance or subsidies are state owned railways and operated
on the basis of no profit no loss basis. Few countries have exception like Taiwan
where private companies entered with BOT agreement with Government and get

assistance from government sources for operation of HSR.

Since HSR is undeniably a transport trend of the future, India will have to show
confident pragmatism and create the right conditions for a positive attractive

alternative.

1. From the point of view of political stability, social maturity and economic
tenacity (in terms of GDP and supporting infrastructure), it appears that
India is reasonable well placed to take a confident step towards going
ahead with the HSR dream. The corridor chosen is among the highest in
India in terms of industrialization, urbanization and per capita GDP, all
primary ingredients of a success HSR scenario.

2. Formation of a state—nation high powered authority will go a long way
forward to regulate and facilitate the policy, finances and construction

monitoring.
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CHAPTER-2

HIGH-SPEED RAILWAY IN INDIA

2.1 INTRODUCTION

Transport infrastructure is critical to a country's development. One cannot
overstate the importance of transportation by referring to it as a nation's 'lifeline.’
Everybody wishes for the quickest and most efficient mode of transportation
infrastructure. Economic growth requires adequate physical connectivity in
urban and rural areas. India, the world's seventh-largest country with a
population of over a billion, has one of the world's major transportation sectors.

Domestic transportation is critical for economic growth, and transportation
concerns and infrastructural delays impede a country's progress; India requires

significantly faster and more efficient transportation networks.

Rail transit is one of the most efficient and cost-effective modes of transport
compared to vehicle. Additionally, rail building costs are lower than road
construction costs for equal traffic volumes. Historically, the Indian railways
have been instrumental in transporting passengers and freight across the
country's large territory.

There are various compelling arguments and justifications in favor of the
country's introduction of HSR. IR transported 8.26 billion people and 1.16
billion tons of freight in the fiscal year ended March 2018. HSR creating new
opportunities by diverting people from road and air. HSR enables settlements
500 kilometers apart to be within two hours of one another.
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According to a JICA poll, Indians are travelling greater distances. By 2020-21,
Indians will have travelled around three times as much as they did in 2000-01.
The country is densely packed with commercial and industrial businesses. The
implementation of HSR is a critical facility that is anticipated to reduce travel
time and cost across critical financial sectors or connections. This will pave the
way for additional investments and firms, as well as a general boost to "Make
in India" programmes. One of the major issues in recent years has been the
country's high unemployment rate. The introduction of HSR would create
thousands of jobs, particularly in areas like Pune, Surat, and Ahmadabad, where

industrial businesses are rising at a rapid pace.
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2.2 AHMEDABAD

Ahmedabad is India's fastest growing metropolis and the third fastest expanding
city in the world, behind China's cities. Ahmedabad's GDP was US $ 64 billion
in 2014. The city is well-known for its cotton textiles, gem stones, and jewelries,

and industries such as automobiles and chemicals are expanding at a rapid pace.

Population in 2011 (2001)
|N[)|A Ahmedabad City 5,570,585 (3.520,085)
iy Ahmedabad 6,352,254 (4.525.013)
o Metropolitan Region
Decadal Growth Rate (%)
Ahmedabad City 583
Ahmedabad 404
Metropolitan Region
Area (2011)
‘ Ahmedabad City 464 km?
Per Capita Income Rs 63,000
(2006)
DDP at Current Prices Rs
2006-2007 4,010,890(in lacs)
DDP Annual Growth
Rate (%) (2001-2006) 9.38
Textiles-apparel Drugs-Pharmaceuticals

Agro- food processing  Automobiles

Key Industry Sectors Engineering Biotechnology
Diamond Processing IT
Tourism

Fig 2. 2 Ahmedabad socio-economic facts

Transport System in Ahmedabad

Ahmedabad is one of the Railway divisions of Indian Railways and comes under
Western Railway. Ahmedabad Railway lines connect to Gujarat and other
Cities. This Railway station is a main terminus and MEGA Metro system is
under construction to various places in and around Ahmedabad.
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The city is served by railway lines that connect it to towns in Gujarat and major
Indian cities. Ahmedabad railway station, colloquially referred to as Kalupur
station, serves as the primary terminus, alongside 11 others. MEGA,
Ahmedabad and Gandhinagar's mass-transit metro system, has been under

development since March 2015.

Ahmedabad is connected to Delhi and Mumbai via NH 48. Ahmedabad is also
connected to Gandhinagar by National Highway 147. National Expressway 1, a
94-kilometer-long (58-mile-long) expressway with two exits, connects it to
Vadodara.

Ahmedabad is one of the most polluted cities in India. The Gujarat Pollution
Control Board offered auto rickshaw drivers a cash incentive to convert all
37,733 auto rickshaws in Ahmedabad to cleaner-burning compressed natural
gas. As a result, Ahmedabad was placed 50th in India's most polluted cities in
2008.

Domestic and international flights are available from Sardar Vallabhbhai Patel
International Airport. With an average of 250 aircraft operations each day, it is
Guijarat's busiest airport and the ninth busiest in India. Another airport, the
Dholera International Airport, is being considered in the vicinity of Fedara (30
km from city). It will be India's largest airport, covering an area of 7,500
hectares.

2.3 VADODARA

With a population of 1.67 million, it is one of the major cities in Gujarat, second
only to Ahmedabad and Surat. VVadodara is a city where numerous large-scale
enterprises have been established, including India Oil Cooperation, IPCL,
GACL, and numerous more big government and private authority large-scale

industries. This city is home to almost 35% of India's manufacturing industries
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for electricity transmission and distribution equipment. Numerous more IT and

stock exchange development initiatives are currently underway.
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Fig 2. 3 Vadodara rail network

Transport System in Vadodara

Vadodara is well-connected by rail and road to Delhi and Mumbai, as well as to
Ahmedabad. The following sections detail the transportation activity in

Vadodara via air, rail, and road.

Air

Vadodara airport is located in the city's north-eastern section. It is India's second
green airport. It serves major cities such as Mumbai, New Delhi, Hyderabad,

Chennai, Kolkata, and Bangalore via connecting flights.
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Population in 2011 (2001)

Vadodara City l 1,666,703 l (1,306,227)

Vadodara Metropolitan I{oglonl 1L817,191 l (1,491,045)

Decadal Growth Rate (%u)

Vadodara City 27.6
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Fig 2. 4 Vadodara socio -economic facts

Railway

The Vadodara railway is one of India's oldest railways. Pratapnagar,

Vishwanitri, Makarapa, Karajan, Miygan, Itola, Varnama, Bijwa, Ranoli, and

Nandesar are the ten major railway stations in VVadodara. It is presently part of

the Indian railway's main line's Western railway zone. It is Gujarat's busiest

railway, with 358 trains passing daily. These places are served by major long-

distance trains such as the Rajadhani, Shabari, Durando, and various

mail/express trains.
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Road

The Vadodara route connects Delhi and Gandhinagar with Ahmadabad and
Surat via the National Highway, which runs through Mumbai. Numerous road
extension projects along the National Highway that passes through Vadodara

have been undertaken.

In Vadodara, there are approximately one hundred buses with a seating capacity
of 33 to 50 passengers. The people who use public and private transportation on

this road have numerous difficulties during peak hours owing to congestion.

2.4 SURAT

Surat is a big metropolis and India's eighth largest city. It features the world's
largest seaport and has developed into a Centre for the diamond industry. It is
one of the fastest growing cities in the country (11.5 percent GDP growth over
the last seven years) and is known as India's first smart IT city. The city has a

total of 2.97 million internet users, or 65 percent of its population.

The Surat railway was constructed in 1860. The railway connects 245 bus lines

that connect important cities. Surat's international airport is located near
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Magalala, 11 kilometers south of the city. Apart from the major city, Surat

airport also serves remote areas of South Gujarat.
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Transport Systems:

The majority of individuals in the region travel by vehicle. As a result, these
areas confront traffic issues such as congestion, air pollution, and noise
pollution. Surat's road network expanded from 372 kilometers in 1976 to 644
kilometers in 1990, an increase of 18 kilometers each year.
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Fig 2. 6 Transport network of Surat

The city's three extant railway stations are served by 36 pairs of passenger trains,
totaling 72 trains in each direction.

2.5 MUMBAI
Mumbai is India's most populous metropolis, with an estimated 12.4 million
residents. Mumbai, like the majority of metropolitan cities, accounts for
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somewhat more than 6.16 percent of the Indian economy, accounting for 10%
of industrial employment, 30% of income, and 40% of foreign commerce.

Mumbai receives a tremendous influx of people seeking employment from rural
areas.

Table 2.1 Socio economic facts, Mumbai

Socio Economic Facts

Population in 2011 (2001)

Mumbai City 3,145,966 (3,326,837)
Mumbai Suburban 9,332,481 (8,587,000)
Greater Mumbai (Total) 12,478,447 (11,913,837)
MMR 20,748,395 (18,414,288)
Decadal Growth Rate (%)

Mumbai City | (-)5.75
Mumbai Suburban 8.01
Greater Mumbai (Total) 474
Area (2011)

Mumbai City 157 km®
Mumbai Suburban 446 km®
MMR 4,355 km”
Per Capita Income (2010-2011) Rs 1,41 lakh
GDDP at Constant Price in Rs 1,689,730 million
2010-2011(2004-2005 Prices)

Mumbai's transportation infrastructure must adapt to the city's growing demand.
Mumbai has 16.4 million dwellings, or more than twice the population of New
York City.




43

Roads Eastern Freeway:

It connects Ghatkopar to South Mumbai, covering a distance of approximately
16.8 kilometers. Of the 13.59 kilometers of the freeway, two of the three
segments are operational, with the remaining portion to be completed.

MUMBAI
ROAD NETWORK

Fig 2. 7 Mumbai Road map
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Coastal Road (West):

The coast road runs along the western shore for 35 kilometers, from Narima
point to Malad, with 18 interchanges connecting key roadways. Additionally, it

connects western and southern Mumbai.
Railways
Metro Rail:

The metro train system covers a distance of 146 kilometers. It runs through the
greater Mumbai region from north to south, connecting the airport and the city's
central business district, which are located on the island's southern tip.

Mono Rail:

Between Chempur and Walada depot, the Mumbai monorail is 19.54 kilometers
long and features 17 stations. It connects Avalmaidan to Virar via the Western

Railway.
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CHAPTER 3

LITERATURE REVIEW

3.1 INTRODUCTION

This chapter deals with the theoretical foundation for this research by reviewing
existing literature and gaining practitioner insight into the fundamental concerns
of risk management in logistics infrastructure development projects. This
review of the literature focuses on several theoretical and practical components
of risk management. This chapter outlines the fundamental principles of the
constructs used in this study. This chapter initially covers risk in infrastructure
development. The relevance of risk associated in infrastructure projects and the

different risk strategies used in the sector.

3.2 RISK MANAGEMENT IN INFRASTRUCTURE PROJECTS

Risk management is essential for every infrastructure development project's
success. Despite huge expenditures in infrastructure development projects such
as energy, electricity, rail, roads, airports, and so on throughout the globe, there
is relatively little evidence accessible about the performance of these
investments in terms of real value and hazards [2]. This section discusses the

findings of research on risk management in infrastructure projects.

3.2.1 CONCEPTUAL PERSPECTIVE PROJECTS AND PROJECT
RISKS

A project in terms of project management can be defined as an endeavour to

accomplish objectives to create a unique product or service [3]. Different
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stakeholders may view project success in different manner. To some, it may be
completing the project within timelines to others it may be completing project
within certain cost while compromising on the risk of time and quality [4]. This
view is also as per the Project Management Institute (PMI), which defines
successful project which are accomplished within planned time, cost and
desired quality. The uncertainty in a project, which leads to variation and
objectives delivers project risk [5]. These three project objectives are also
known as Triple Constraints or the Iron Triangle.

Mega infrastructure projects involve huge investment and are subject to risks
which may result in monetary losses due to delayed development or lack of
resources [6]. Risk is a concept which is the product of likelihood that an event
will occur and the impact it may have if it happens [7]. Risk assessment involves
the identification of individual risk factors [8]. Project success focused
organizations not only are concerned on successful project implementation but
also on how they execute and manage the projects [8]. It is seen that land
development communities across the world experience diminished
infrastructure performance and increased costs, both operating and capital
resulting from unmanaged development. Cost overrun happens in roughly in
90% of the cases where final project costs may be higher in range of 28% as
compared to their estimated costs. For instance, large multi-phased
transportation infrastructure highway project in the United Arab Emirates
(UAE) with an initial budget approved approximately US $100 million was
completed at a cost nearly 4 times of estimated cost with significant time delays

and contractual issues [9].

The mega projects require high focus on project completion time, cost
management and quality control while strong coordination between the project
entities. The issue of overshooting the cost of project is a global phenomenon
whereas project characteristics of reasons can be local region specific. It
therefore becomes very important that all these features and indicators are
closely evaluated and monitored. Risk environment may change with project

specific conditions, management techniques and construction management.
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3.2.2 PUBLIC-PRIVATE PARTNERSHIP (PPP) PROJECTS

Public-Private Partnership (PPP) is a contractual agreement structure, which is
very keenly progressed as a model for infrastructure growth and is used to
finance infrastructure projects in both developed and developing countries [10].
While PPP model has been very effectively used in various countries globally
to source private equity in recent years, there is varied outcome in terms of
success of these projects [11]. PPP procurement processes are complex by
nature, with longer time frames and wider scope of contracted services [12].
Private sector has been seen to control the risks as compared to public sector to
get it implemented through their stakeholders and partners [13]. The existing
problems in PPP model and its intrinsic characteristics can be addressed with
enhanced control over the partners making apart with high level of diligence.
Strong Governance in project management and control plays a critical role in
project success. This, governance, risk and compliance can bring enormous

benefits to an organization when used and implemented correctly in projects.

The risk of failing large infrastructure projects is due to a decrease in risk
management at different stages of the project life cycle. Companies'
sophistication in risk management practice determines the level of maturity of
their risk management on projects. Work together on recommendations and
strategies for joint energy and project cost management [14]. The overall
organizational factor such as optimism level, complexity, open culture, and
effective communication in project organizations strongly influences early risk

warning.

The planning framework can support looking into the risks, openness or
flexibility in the planning process. Improper bidding pricing is one of the critical
causes of cost deficiencies. There are multiple causes for the project to fail such
as gap in project objectives linkages between the project organization priorities
and developer alignment to the same. There needs to be agreed measures of
success with intermediate milestones. Project priorities should have proper

integration with programme. Training and education of project team and
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managers play an important role to support risk management practices
execution on ground [15].

3.2.3 IMPORTANCE OF RISK MANAGEMENT IN
INFRASTRUCTURE PROJECTS

Table 3. 1 Share of Successful, Challenged and Failed Projects

2012 | 2013 2014 2015
Successful 29% 27% | 31% 28% 29%
Challenged 49% 56% 50% 55% 52%
Failed 22% 17% 19% 17% 19%

Source- CHAOS Report 2015 by Standish group

Risk management analogy can be drawn from software projects where the risk
management practices are relatively more stable. According to the Chaos report
2015 released by the Standish Group, only 33% i.e., less than one out of three
projects are only successful. There is different level of risks posed in different
phases of the project development life cycle (SDLC). Companies are required
to take risk in innovation and launch of new products. It is only the timely
identification and management with mitigating measures to keep the impact

under control.

Project management in infrastructure projects becomes challenging when goals
are not defined properly [16]. Large infrastructure projects development
becomes more risky as the capital investment is very high, the payback period
is large, multiple stakeholders and the integration becomes a huge challenge.
The focus on project success with regards to various agencies is also different
[17]. Also, when there is lack of focus on risk management, the challenges in
project success increases and chances of project losing to meet the objective
reduces [18].
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Table 3. 2 Salient project risks characteristics

Author

Risk Characteristics

Boehm, (1991) [19]
Leleur & Salling, (2015) [20]

Gold plating of a project improper

assessment

Quality concerns of resource supplies Improper
outsourcing

Quality and performance issues

Addison& Vallabh, (2002)
[21]; Kardesetal.2013[22]

Lack in defining project scope/objectives.
Improper understanding of requirements.
Limited involvement of project owners.
Senior management commitment.
Improper schedule and budget planning.
Change in requirement specifications
Inadequate  skills of project

Team members

Ineffective project management
Gold plating

Boateng, etal.2015[23]

Boateng, etal.2015[23]

Insufficient management commitment to the project

Misunderstand the requirements Change is

not managed properly.

User failure to achieve customer
commitment

Ineffective project management skills Inadequate
user participation by the user

Inadequate to maintain stakeholder expectations
In effective  project management
methodology

Vague / unclear scope / goals

Frequent changes in scope / objectives
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Alinaitwe et al. (2013)
[24]

Lack of Project Champion

Lack of commitment of senior
management

Project ambiguity

Improper alignment of the system using local
methods and process

Political games or conflicts

Lack of required knowledge or expertise Project
team changes

Organizational instability

Resources are not enough

Wangetal.,(2016)[25]

The project requirements are constantly changing

Project requirements are not adequately
identified

Lack of effective project management
methodology

Insufficient project planning

Inadequate  assessment  of resource
requirements

Lack of use of new technology

The progress of the project is not adequately
monitored

On corporate politics that negatively impacts the
project

3.3 PROJECT RISK MANAGEMENT (PRM)

3.3.1 DEFINITION OF RISK

Risks have been defined differently by various sources. To put it simply,

Merriam-Webster defines a risk as "the chance of a loss or a harm." In the

context of project management, risk is defined as an occurrence or situation that

might have an impact on at least one project goal. Known risks may be expected,

however unknown risks cannot be predicted in advance.
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3.3.2 RISK SOURCES, RISK TYPES AND CLASSIFICATION RISK
SOURCES

Although uncertainty and risk are two different concepts, they can all be used
in the same way. Uncertainty is the existence of multiple previously unknown
events, and risk is a type of uncertainty with unintended consequences. 80% of
managers see only side effects as harmful. When uncertainty is measured, there
is only one parameter, that is, an additional impact parameter, usually based on
the risk and risk of a future situation. From this description it is clear that

uncertainty creates risk and that risk leads to loss.

For quantitative measurements, the probability and effect matrix can be used.
Managers prefer qualitative or verbal characteristics rather than risks because
they suspect that a single number does not accurately represent a wide range of
risks [26]. In other words, uncertainty cannot be measured in the sense that the
likelihood of future conditions is unknown and the risk of future outcomes is
unknown. Therefore, this definition of risk is not only based on probability, but
also on the likelihood and effectiveness of most risk management techniques
and tools currently used. Risk can have multiple causes and multiple effects. In
other words, one accident leads to another. Therefore, risk inter-relations can be
modelled as the strength of the relationship as a network or graph of risk nodes,
edges, causal relationships and edge weights. It helps to better understand each
risk and re-evaluate risks and risks [27]. As the complexity of the project

increases, the network becomes more complex.

3.3.3 TYPES OF RISKS IN INFRASTRUCTURE PROJECTS

It is important to evaluate these risks in detail at various stages of the project
life cycle. While performing the risk analysis for any infrastructure project,
there can be combinations of various risk as described under various
classification approaches. The key risks to be evaluated under various

approached studied above are:

Macroeconomic risks
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These risks are related to the macroeconomic environment of a country and also
related to the global macro environment. These are related to external factors

which companies cannot control and also includes political factors. [28].
Commercial Risks

Risks that directly affect the environment in which the project operates and the
trade-offs it interacts with (suppliers, associations, customers, local authorities

and the environment) [29].

Competitive risks associated with competition risks associated with the market
environment and all the forces that affect the market or themselves. Competitive

factors and their effects fall into this category [30] .
Cost Risk

Cost risk increases due to inaccurate cost estimation or other factors due to
incorrect planning and project execution. The cost increase is defined as the
final cost of the project compared to the estimated cost when deciding to
proceed with the project.

Environmental Risk

The risk of environmental problems affecting project development, e.g., Changes in
environmental clearance or environmental regulations or project impact on the

environment.

Financial risk

This is a risk that arises from a lack of proper capital and financial structure, as well
as hedging. Financial risks connected with infrastructure projects must be addressed
by identifying characteristics such as project scope and associated expenses; risk is

further assessed by evaluating comparable projects in India.

A project's profitability and cash flow are the two most important financial
metrics. Various factors, such as high interest rates, inaccurate project costs,
price inflation, on-time payments, profit margins, changes in the scope of the

work, the availability of funds from banks and lenders abroad, currency
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fluctuations, and client or contractor defaults on financial obligations, influence
both of these parameters in the construction industry. Authors such as [31], [32],

and [33] have proposed this classification in their work.
Technology

Risk due to some technology going obsolete or change or wrong selection of

technology.

Construction Risk

This risk entails unanticipated effects occurring within the built-in period, resulting in
an increase in time and cost or a deterioration in the final project's performance
standards. Projects that need a large amount of money and take a long time to complete
are prone to delays and cost overruns. As a consequence, the building risks in the
energy, highways, telecommunications, and urban services sectors are significant.
[34] [35].

Operating Risk

During the project, the technical performance of the project may be worse than what
investors anticipate. This is particularly true in quickly changing industries such as
telecommunications, where technology has not been well tested. The operation of
experimental operations and maintenance contractors/agencies reduce operational
hazards. The contract with such firms may include a provision for liquidated damages.
Some risks, including some force majeure risks, are not economically insurable at the

operational stage [36].

Market Risk

Market risks may go unnoticed while considering project viability. Failure to
satisfy demand expectations is sign of market risk. Investments like
telecommunications, ports, and highways will incur market risk if the private
maker interacts directly with intraindividual users, and consumers are generally

presented with competing alternatives. Investors perform market research to
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ensure that market demand projections provide appropriate profits as soon as
feasible [37].

Interest Risk

Interest rate risks may arise if interest rates fluctuate throughout the course of a
project's life cycle. Because of the high capital intensity and lengthy payback
times in infrastructure projects, they are crucial. High capital intensity suggests
that interest expenditure accounts for a significant fraction of overall cost;
extended return periods imply that funding should be accessible for a long time
when interest rates fluctuate. One method of dealing with interest rate risk is to
pass it on to customers, who, during testing, take into account the effect of

interest rate changes on unit prices exceeding tariffs [38].
Foreign Exchange Risk

There are two sorts of foreign exchange risks to be aware of. The first is
exchange convertibility, which ensures that local currency proceeds may be
turned into foreign currency for international payments. This risk must be borne
by the government by guaranteeing a proper transition. Another sort of risk is
exchange rate risk, which occurs when changes in exchange rates produce a
significant rise in the internal currency cost of a payment denominated in a

foreign currency [39].

Payment Risk

These may be linked to the consequence of government acts or to power.
Infrastructure investors run the risk of not being able to pay for delivery
services. The significance of this risk varies according to geography. This is
particularly true when an independent sector power producer is required to
deliver energy to a monopoly customer. There is no other market for
manufacturing output since the economic situation of public sector utilities in

underdeveloped countries is quite poor [40].

Regulatory Risk
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Changes in the regulation of specific parts of the company, such as law and tax,
are among these risks. Regulatory risk develops when infrastructure project
developers must interact with numerous government and regulatory
organisations during the project's life cycle, as with PPP projects. Control
measures are implemented. Extensive regulatory permissions are necessary
both at the start and during the project's implementation. Another source of
regulatory risk is that as the project progresses, environmental expenses and
requirements grow more strict, increasing operating costs [41].

Political Risk

Infrastructure projects are very visible and constantly a source of public
attention. It hurts them in business operations that disrupt or disrupt commerce;
in severe situations, this may result in licence revocation or nationalisation.
Acrbitration procedures may be addressed by integrating suitable compensation
amounts into the project contract, which is subject to international arbitration.
Another new instrument that may be beneficial in this context is the World Bank
risk guarantee tool, which includes payments when there is an interruption in

the fulfilment of certain government duties [42].
Design Risk

When a project brief is clarified and instructions are prepared, design is the
process of generating a solution. As a result of design efforts, many risk factors
have contributed to the project's delays. Delays and errors in the preparation of
design information, inadequate surveys and tests of feasibility,
misunderstandings of customer needs by the design engineer, differences in site
(ground) circumstances and a lack of experience among the construction team

are just a few of the problems that can arise [32].
Resource

All of the resources required for an infrastructure project, including material,
labour, and equipment, must be procured in large quantities. Planning and
timely purchase and administration of these resources need considerable effort.

A number of resource-related risks have been identified in the previous study,
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including a lack of sufficient labour and equipment, a lack of high-tech
equipment, and delays in the acquisition and delivery of materials [32].

3.4 RISK CLASSIFICATION

Approaches to Infrastructure Project Risks Classification

Risk of Financing

(Researched by Mihnea Craciun) Direct Investment Related

Investment Related Risks «
| Foreign Direct Investment
Commercial Risks
Macroeconomic Risks - Yescombe Classification Macroeconomic Risks

Political Risks / Risks effecting  [Ragylatory Risks
International  +f o
Investments | Risks related to Competition

Risks related to Resources

Technical Risks

Construction Risks
Operational Risks Risks related to government policies
Income Related Risks : lesks relateg 10 Macroeconomic Risks
ial Ri nfrastructure Projects Ricks 1 Ut
 FinancalRisks | pis etated to P90 . ~— iller Classification o reated 1 resources
Risk of Force Majeure | (Grimsey and Lewis Approach) Market risks related to certain product demand;
Regulatory Risks ' | Risks of competition

Environmental Risks
Risk of
defaulting on
the obliqations

Environmental Risks
Uperational Risks
Delegation Risks

{ Process Risks ‘ information processing

Risks related to general Business

Environment Economic Intelligence

—— - ; Unit (EIU) | :
Macroeconomic Environment |. Classification by Ghoshal | Integrity of the employees risk
Industry Risks | Financial risk
Business Risks Informational Risks

Fig 3. 1 Salient approaches to risk classification

As indicated in Fig. 3.1, there are various approaches to classify risks in
infrastructure projects. This can depend upon the nature of the infrastructure
projects, i.e., mega public projects like transport infrastructure, airports, energy
projects or projects development on PPP model, private commercial

development projects, etc.

The broad classification can be based on Investment-related (Direct Investment
or Foreign Direct Investment) - From this perspective, the risks of an investment
project in infrastructure are related to risks having effects on any FDI. The risk

analysis, however, involves the same tools of analysis.

Miller's Classification (2007) - It classifies risks into six main categories:
government policy risks, macroeconomic losses, resource losses, market losses

related to certain product needs, competitive risks and technical risks.
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Classification based on the Economic Intelligence Unit (EIU) As per this
classification, risks are divided into three categories - Environmental (common
risks that do not affect the company), Process risks (relative risks to the
company's objectives, but not the risks) and Informational (risk related to
inadequate information). The EIU classification sub-classifies each risk.
Process risk involves operational risk related to customer satisfaction, human

resource efficiency, efficiency, product cycle and environmental impact.

Classification based on approach macro parameters The approach was put
across by [43] which identifies four types of risks affecting international
investments which are Macroeconomic Risks, Regulatory Risks, Competition

related and resource related risks.

Classification by [44] A relative simplified classification approach which
categories risks into three major areas commercial, macroeconomic and

political risks has been presented.

Risk of Financing This is the fourth dimension suggested by [45] in addition to
the three above. This is related to risks of financing propped up during the global
financial crisis during 2008-10. This risk is determined by events which can

lead to loss of project funding opportunities.
Risk Management Process

Risk assessment involves assessing the risks and impacts of expertise or
experienced team members using common methods such as describing
responses or using advanced techniques such as analytics, risk analysis, risk
matrix and SWOT analysis. Sequence process, complex path method and Monte

Carlo simulation.

Risk response planning involves developing plans to mitigate the effects of
inadequate rewards and minimize the negative impacts of inevitable risks. This
includes plans to transfer risks to a more appropriate agency to handle risks

through insurance and contracts.
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Risk control and monitoring, periodic risk review, overcoming project costs

from budget and project time according to schedule, proper risk reporting

through communication and knowledge management.

Table 3.2 A: Summary of Risk Management Techniques in literature

Risk avoidance

Organization refuses to accept any exposure to loss
arising from a particular activity

Risk terminating

Eliminate the risk completely(refer by some scholars
as Risk avoidance)

Risk prevention

Limit the possibility of undesirable outcome being
realized (refer also by some Scholars as Risk reduction)

Risk Control . T
L ' Limit the likelihood of occurrence of a loss and the
Risk reduction ; ;
severity of the impact
Risk directive Ensure that a particular outcome is achieved
Risk detective Identify undesirable outcomes experience after the event
. . Correct undesirable outcome that have happened,
Risk corrective et ;
providing a route for recovering
Risk retention Maintain risk within the organization
Risk toleration Accepting and retaining the risk or opportunity
Risk Financing | Risk aitig Sharing the risk with other entities through the

establishment of a contract or agreement

Risk transfer

Transfer the risk to a subject that provides support in

exchange of a premium

3.5 TOOLS, TECHNIQUES AND RISK ASSESSMENT MODELS

Although systematic methodology, expertise, and experience in project
management are required for an effective and efficient risk management
strategy, past research in Chile has revealed that both project promoters and
developers do not employ suitable risk management techniques, which has an
influence on project performance. It is also critical that risk management
strategies be used in any construction project from the start of the project to get
the most out of the procedures. The measurement of risk management
procedures is the beginning point for determining an organization's risk
management capacity. A significant amount of work has gone into establishing
different approaches, tools, standards, and procedures for dealing with project
risks. Many various strategies are based on the integration of risk management

into a structured process to tackle complexity and uncertainties in a project [46].
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Most risks are usually difficult to detect due to inadequate information available
or inadequate access [47]. Monte Carlo simulations have been used to large-
scale the statistical distribution functions of project duration at the end of a
project [48]. The most commonly accepted methods are to assess the likelihood
of risk and its effects on common criteria, e.g., Limits can also be defined
numerically from 1 to 5 or more. The quantitative methods used in risk
assessment currently include an event (probability) and its consequences or
effects sensitivity analysis, and the estimation ranking method of the Monte
Carlo simulation, Fuzzy Set, Analytic Hierarchy Process (AHP). Analytic
Hierarchy Process (AHP) is an effective technique used to solve a problem in a
complex, unpredictable and multi-criteria situation. Monte Carlo simulations
are commonly used for this analysis to reduce the impact of uncertainties and

risks on project budget and schedule [49].

3.6 RISK ASSESSMENT MODELS

Various risk management models have been examined in order to present an
acceptable framework for construction project risk management. The models
explored by Kangari and Riggs (1989) [50] were classed as classical or
conceptual. It's not uncommon for key models to serve several purposes, such
as public-private partnerships or High Speed Railway projects and their
application to economic and social growth. Only a few models depend on well-
known phenomena, such as matrix propagation and network analysis, for their
foundations. Others are based on linguistics and the manager's own experience.
These models have been studied and combined and modified to overcome their

flaws. The goal is to come up with an all-encompassing framework.

Researchers suggest a formalized, structured approach to identifying, measuring
and mitigating risk. These include the Delphi method, checklists, module
decomposition, energy field analysis, control analysis, SWOT analysis, root-

cause analysis, process flow charts, impact diagrams, and scenario analysis [51].

The Fuzzy Logic telephone framework allows not only zeros and values to be

values, but any real number between zero and one as opposed to Boolean logic.
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Many mathematical models based on fuzzy logic are designed to test risk- based
scenarios of supplier selection, capacity estimation and appropriate warehouse

environmental issues [52].

The Artificial Neural Networks (ANN) method of combining computer science
and biological science is used to create vendor management systems, expertise
systems for sales and raw materials, needs to be evaluated based on various
factors, most notably the major distributed network bullwhip impact

minimization and others.

Although this short literature review covers current issues on resource /
distribution risk management, it also highlights the potential for research to
model supply risk using wide spectrum of risks covering political, social,
technical, economic, financial and also Human resources areas. There is still the
possibility of integrating the methods reviewed above from a industry
perspective. Some recent studies have developed the BBN model, but not all of
the industry-specific supply chain risk factors are comprehensive. This research
provides an empirical model for estimating industry-specific risks by combining
the relevant aspects of the various methods mentioned above, including
economic, financial, supply chain and natural disasters. A growing body of
literature includes methods for risk assessment, which are used for supplier

assessment and selection [56].

The Bayesian network modeling approach [57] is the latest model to incorporate
quantitative data and the opinions of subjective experts. [58] explored a new
methodology using Bayesian networks to determine the overall risk of a
supplier and the impact that the supplier has on company cash flows.
Distributing risk profiles may help detect and isolate risk events that have a
bigger influence on cash flow, according to these researchers. [59] used
Bayesian trust network modelling to predict supply chain risk. The model's
binary presentation of risk variables leaves out critical supply chain risk

considerations, which is one of the model's flaws.

Financial ratings and proxy variables taken from financial statements can be

used to model supply risks, even though contemporary challenges in resource /
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distribution risk management are included. For scalable subjective factors, a
solution can be found using the Bayesian network model. The ex-Anti-Supply
Network Risk Assessment Model, based on Orders of Magnitude AHP (OM-
AHP), developed by [55], allows the comparison of intangible and intangible
factors that affect distribution risk. However, there is no guidance structure on
how to pivot using OM-AHP. Risk assessment in different product categories
using cognitive maps and AHP methodology. There is still the possibility of
integrating the methods reviewed above from an industry perspective. Some
recent studies have developed the BBN model, but not all of the industry-
specific supply chain risk factors are comprehensive. This research provides an
empirical model for estimating industry-specific risks by combining the
relevant aspects of the various methods mentioned above, including economic,

financial, political, environmental, funding, technical and human resource risks.

Here are some qualitative and quantitative tools / techniques often used for

project risk management in the literature:

Checklists: Checklists contain questions about risks, risks and risks and are a

control tool for assessing against established security levels. Hazardous

Activity: It is used to identify reasons for not meeting the quality and product

objectives specified for the process plant [60].

Risk Matrix: It involves the production of probabilities and consequences.
Obtaining quantitative data is difficult, so it may be the subjective judgment of

experts.

Risk Mapping: Individuals engaged in various risk areas measure risk in the

relevant risk area according to user-defined criteria.

Delphi-Technique: Many evaluation questions are answered anonymously by
the Expert Panel. It is necessary to do the evaluation once again. It is now
possible for experts in different fields to set different standards of performance.
Until a decision is made, this procedure is repeated.

Fault Tree Analysis (FTA): looks at what causes fatal accidents.
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Jonson Analysis: Analyzes probabilities and consequences and categorizes

them to a certain extent.

Simulation Methods: Methods such as Monte Carlo and Petrie Nets are used to

estimate the likelihood of an event and the impact of risk prone events.

Decision trees: Analyzing objectively and subjectively through practices such
as expert knowledge.

3.7 RISK MANAGEMENT FROM LOGISTICS’ INFRASTRUCTURE
PROJECTS PERSPECTIVE

The fundamentals of risk management are widely understood. There should be
a way to divide the costs between those who can bear them and those who can't.
As a result, the project's risk may be reduced by transferring these risks to other
authorities. In most cases, the sponsor's tariff covers the costs associated with
this process of reversing losses. A lower tariff and lower risk management costs
result from successfully transferring risks to people with the necessary skills.

Complex risk mitigation strategies are common because of the various players
involved, including project sponsors, financiers, government agencies, and
regulatory bodies. Legal and commercial agreements specify the
responsibilities of each partner and the consequences of failure to do so.
Investors are protected against events that are beyond of their control.
Implementation is typically delayed due to the intricacy of these arrangements.
Many governments don't know about these agreements since they aren't used by
the public sector. PSUs that acquire gasoline from other PSUs are exempt from
the punitive penalties demanded by the private sector in fuel supply agreements.
For example, they do not want the same degree of security, such as a promise
to ensure power purchase agreements or incentives or penalties for power
purchase. A more broad definition is that public sector mediators for conflicting
commitments are typically regarded as flexible, without the need to engage into
carefully specified and legally bound agreements. When interacting with the

private sector, anticipate a high degree of passion.
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Risk Mitigation - The issue is whether private sector initiatives requiring risk
reduction are too costly as compared to public sector ones. This is dependent on
whether the project is undertaken by the public sector and whether the risks are
real and there is a high premium paid to reduce the risk.

The possibility of not having public sector initiatives might be a problem for
private sector projects. Many private investors are worried about the lack of
transparency in government policies, the absence of a credible regulatory
agency, and the unjust political actions of the political establishment. Many
investors are put off from making investments in the private sector because of
their high-risk awareness, leaving only those prepared to take a risk for the sake
of a higher return on their investment. In the end, the customer pays the price
for this high revenue in the form of increased tariffs (or lower license fees
received by the exchequer, where the tariff is constant). The greater expenses in
these cases are not related to risk reduction, but rather to lower risks and make

more money in the long term.

3.8 RISK MANAGEMENT STANDARDS

While risk management may be defined variously up until it is a process or a
global strategy. Subsequently, risk management may include activities involved
in recognizing, analyzing and judging risks, taking steps to minimize or predict
them, and monitoring and reviewing progress Office of Government Commerce
[61]. It pertains, furthermore, to the formal process through which people,
organizations and communities identify and mitigate risks following general
goals [62]. Risk management refers, furthermore, to all actions associated to
discover, assess, and evaluate possible risks, take the right steps to address them,
and monitor such risks by monitoring and evaluating risk management
effectiveness [63][64]. Moreover, it has contributed to growing knowledge
regarding risks and their management. However, likewise it has led to

recognizing risk management as a management discipline in its own right [66].

In this context, we have observed a proliferation of risk management standards.

This predicament is a consequence of the increased relevance of risk
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management for both commercial and governmental businesses. If many private
firms employ risk management; they want to cope with uncertainty, fulfill their
objectives, and strengthen their resilience. While, public organizations who are
confronted by their quest of efficiency, the diversification of public
procurement instruments and the establishment of numerous partnerships;
integrating risk management inside adding furthermore to resources
optimization. This is especially true for municipal administrations too.
However, the function and professions of municipal authorities cannot be
equated to those of any commercial or public entity. As a territory manager,
local authorities in addition to the pursuit of performance, they are in charge of

a supplementary and distinctive social mission which consists of insuring

people well-being [64].

Table 3.3: Linguistic definition of risk impact

Standard Author Year Scope
This Standard provides a generic guide for the
establishment and implementation of the risk
Standards management process involving the identification,
Australia/Standards analysis, assessment, treatment and ongoing
New Zealand Standards monitoring of risks.
AS/NZS 4360: 1997 Risk Management |Association 1995
This Standard provides guidelines for selecting and
BS 8444-3:1996 : Risk management - Part implementing risk analysis techniques, primarily for
3: Guide to risk analysis of technological British Standards risk assessment of technological systems
systems Institution 1996
This Standard is intended to assist decision-makers in
effectively managing all types of risk issues, including
CAN/CSA-Q850-97: Risk Management: Canadian Standards injury or damage to health, property, the environment,
Guideline for Decision-Makers Association 1997 or something else of value
Secretariat of the This Standard provides a comprehensive approach
Treasury Board of Canada:Integrated Risk Treasury Board of to better integrate risk management into strategic
Management Framework Canada 2001 decision-making.
JIS Q 2001:2001 Guidelines for
Development and Implementation of Risk | Japanese Standards This Standard provides principles and elements
Management System Association 2001 for the establishment of a risk management system.
This Standard is intends to help organization put in
OGC: Management of Risk: Guidance for Office Government place an effective framework for taking informed
Practitioners, The Stationery Office Books Commerce 2002 decisions about risks
Institute of Risk
FERMA, AIRMIC,ALARM, IRM: Risk Management (IRM) and The standard represents best practice against which
Management Standard Al 2002 organizations can measure themselves.
Committee Of
Sponsoring This framework provides practical illustrations of
COSO Enterprise Risk Management - Organizations Of The techniques used at various levels of an organization in
Integrated Framework Treadway Commission 2004 applying enterprise risk management principles.
International Standard provides principles and generic guidelines
1SO : 31000 Risk management - Principles Organization for on implementation of risk management.
and guidelines Standardization 2009
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3.9: THEORETICAL PREMISE OF THE STUDY

The study is pertaining to the area of unsystematic risk management in
construction and operation of India’s first High Speed railway system. A few
theories of Risk Management which prominently find a mention in the risk

management literature are:

e Financial Economic approach (Market Financial Risk)

e Agency Theory (Separation of ownership and control)

e New Institutional Economics (Improving Governance process for Risk
Management)

e Stakeholder Theory (Freeman, 1984)

Considering the vastness of the project in time, money and environmental

externalities, the stakeholder’s view (multiple) has to be kept at the center.

In the subject case under research, the researcher, after a profound erudition on
the subject, is of the opinion that that reconciliation of interest of stakeholders
are the main determinants of a corporate Risk Policy and therefore the
Stakeholders Theory would provide an ideal underpinning to the subject

research.

This study would add to the theoretical development by integrating the
Stakeholder theory with the concept of risk differentiation between similar risk
dimensions but in different backgrounds and contexts. The present study
attempts to address the gaps that exist in literature in respect of mega
infrastructure projects, particularly the High Speed Rail project, in developing

countries like India.
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Chapter-4

Research Methodology

4.0 RESEARCH GAPS

Though quite good research has been conducted on various facets of project risk
management, there is limited study in identifying why big infrastructure
companies do not follow a framework for risk identification and mitigation.
Though various risk assessment methods are available and suggested in earlier
research, there is a need for in-depth Risk impact assessment and presence of
strong risk management framework as a tool, which can be used by the project
leaders to identify, analyze, prioritize and address relevant risks on priority in
the very beginning of the projects. Irrespective of many tools developed due to
complexity and lack of data, project managers lose sight of risk assessment, so
there is a need to develop a new assessment framework, which integrates all
stakeholder and all the project phases and aligned towards the overall strategy
of Infrastructure development. E.g., the risks management framework would
integrate both strategic goals and execution of the research because in most of
the cases the execution team is not aligned to the overall strategy and purpose
of the project thereby the strategic objectives and execution plan remains
disintegrated at all levels. The framework also needs to be tested for its
applicability. A Risk Management Model is not developed for a High-Speed

Railway system and the relationship with Operating Losses is not analyzed.
Problem Statement:

A recent article published in the November issue of "National Geographic™ was

titled "Massive Infrastructure Projects Fail at Unprecedented Rates.” It stated
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that "in India, multiple big energy projects in Assam, Tamil Nadu, Arunachal
Pradesh, and other states have been stopped owing to farmer protests and natural
calamities.” A variety of ecological, social, market, and investment dynamics
have recently aligned on six continents to thwart many governments'

development ambitions.”

Hydroelectric power projects pale in comparison to the size and scope of
investment required for a High-Speed Rail project. The massive magnitude of
this gigantic High Speed Rail project's designing, engineering, and planning
confounds construction timetables and cost evaluations, making it more difficult

and riskier than previously.

Infrastructure projects such as High-Speed Railways are massive in scale. The
causes of a typical infrastructure project's failure are extensively documented.
However, risk variables that can cause a High-Speed Rail project in a
developing country to function and succeed or fail are not studied considering
the fact that such a scenario never existed. Now with India taking the plunge
into this uncharted territory of HSR, any of these reasons are interconnected and

can be avoided if they are anticipated ahead of time.

Such initiatives have only been done by wealthy and high-GDP-per-capita
countries, not by any underdeveloped country. It is the first time that a
developing (if not impoverished) country like India has undertaken such a costly

and challenging endeavor.
Business Problem:

There is a shortage of research estimating the demand for HSR in India and
other developing countries, as well as the hazards involved with it. Without a
risk management model, the majority of countries' high-speed rail systems are
already operating at a loss. The emphasis on building new HST systems is a
consequence of dealing with the relationships between climate change,
transport, and space, in which the logic of speeding up and increasing efficiency
through new road construction and expansion is losing support. The available

literature is scarce on the subject of passengers’ preference for High-Speed



68

Railways (HSRs) and High-Speed Trains (HSTs). Though the transport mode
is seen as green, safe, and sustainable, and the network also has important
economic and social effects at the regional level, the evaluation of passengers’
preference and other risks that may afflict the HSRsS/HSTSs in the context of
developing nations like India presents some gaps that need to be addressed in

future studies.

4.1 RESEARCH PROBLEM

A Risk Management Model is not developed for a High-Speed Railway system
in a developing country like India and the relationship with Operating Losses is

not analyzed.

Research Questions

RQ1: What are the risks associated with High-Speed Railway System in India?

RQ2: What is the Risk Management Model for the High-Speed Railway System

in India and what is its relationship with Operating Losses?

4.2 RESEARCH OBJECTIVES

RO1: To identify the risks associated with High-Speed Rail system in India.

RO2: To suggest a Risk Management Model and its relationship with Operating

Losses.
Objective 1:

Various risk variables along with their categorization relevant to large
infrastructure projects shall be identified through Literature review, then were
revised by Nominal Group Technique while formulating the Questionnaire.

Research Design is exploratory research.
Sampling Design
Non-probabilistic sampling

Judgmental sampling due to limited expertise in the area
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Statistical tools:

In order to answer this research objective, initially an exploration method based
shall be utilized on the secondary data analysis of literatures for risk variables.

Initially, this involves classifying of all the available risk variables identified

Since these risk variables are generic to infrastructure projects, and to befit the
objective of this study, these risk variables will be further analyzed using

Nominal Group Technique.

Source of data: National Statistics, IMF, World Data Bank, UIC, Paris,
Ministry of Railways, Federal Rail Authority, USA

Obijective 2:

Significant risk variables identified from Objective 1 will be utilized for the
analysis towards formulation of the Risk Management Model, using both

exploratory and quantitative research design.
Sampling Design

e Non-probabilistic sampling

e Judgmental sampling due to limited expertise in the area

Anticipated uses of the Research:

e The High-Speed Rail project between Mumbai and Ahmedabad can be
the first in a series of many similar projects. This research for developing
a Risk Management Framework for High-Speed Rail projects in India is
anticipated to be used in justification of all future HSR projects in India
including validation of forecasts and ascertaining the project feasibility

and financial viability.
4.3 DATA COLLECTION
A relatively informal method to assist in identification of a problem, classifying

issues relevant to a topic and to evaluate problems is a method of expert opinion.

A group of experts is a better option for consultation to bring in wide range of
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experience and knowledge. It should be ensured that the prior knowledge of the

design or the evaluated product is not made available to these experts.

Considering the exceptional knowledge and experience in dealing with
infrastructure projects of such gigantic nature, the experts were identified and
their opinion was sought.

Thus, academics and practitioners with relevant expertise in the High-Speed
Rail industry have participated in this study. 70 experts were asked to participate
in the Research survey by completing online questionnaire which was sent by
email to them. As a result, 45 experts’ opinion were received as a response to
questionnaire. Because more than 45 experts responded and engaged in this
research, this decision-making challenge is classified as Large-Scale Group
Decision-Making (LSGDM). At least 20 professionals are needed to solve
LSGDM problems.

4.4 MONTE CARLO METHOD

Monte Carlo simulation has been employed in this study. Computerized Monte
Carlo simulation is a risk-aware quantitative analysis and decision-making tool.
In areas as diverse as finance, manufacturing, engineering, research and
development, insurance, oil & gas, transportation and environment,

professionals are using this method.

A probability distribution is substituted for any element that has inherent
uncertainty in a Monte Carlo simulation to generate models of likely outcomes.
A fresh set of random values from the probability functions is used each time
the results are recalculated. A Monte Carlo simulation may need hundreds or
thousands of recalculations until it is complete, depending on the quantity of
uncertainty and the ranges selected for them. Distributions of possible outcome

values are provided through Monte Carlo simulation.

By employing probability distributions, variables may have various odds of
distinct events happening. Probability distributions are a far more realistic

approach of representing uncertainty in variables of a risk analysis.



71

Monte Carlo simulations are frequently taught by analogizing them to any type
of chance, hence the slot machine image. At any point in time, based on an
action, several events can occur in the subsequent time step. Monte Carlo
simulations allow us to run as many trials as we desire within the simulation.

Monte Carlo's fundamental formula is as follows:
Today’s Event=Prior Event * ePrift+Random Spirig
Monte Carlo Simulation Model runs stepwise as the following:

e All project tasks are assigned and data is sent into the Monte Carlo
automation.

e The program displays various timetables, including the likelihood of
completing a task within a certain number of days (as discussed in the
example given above).

e After generating plausible timetables for the individual jobs, a series of
simulations is performed using these probabilities. There are many
thousand Monte Carlo simulation project management tools available,
and they all generate end dates.

e Thus, the Monte Carlo Analysis produces a PROBABILITY CURVE
rather than a SINGLE result. This curve illustrates the anticipated
completion dates and probability values for specific jobs.

e This curve enables project managers to develop the most likely and
sensible plan for the project's completion and to present a believable
timeline report to clients and upper management.

e Similarly, the Monte Carlo method of project management is used to

develop a project's costing or budget.

Monte Carlo is an appropriate risk assessment tool since it helps professionals
to convey their subjective judgment using language factors. It is used in the
HSR for risk assessment and ranking. As far as latent variables are concerned,
a few latent variables or happiness , morale quality of life, conservatism etc

which cannot be directly measured.
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4.5 RISK IDENTIFICATION

Following the extensive literature review, consultations and discussions with

experts, the following risks factors have been identified and have been

segregated in the following 6 categories for carrying out further research and

analysis:

CATEGORY - 1: POLITICAL, REGULATORY, ENVIRONMENTAL
AND MACROECONOMIC RISKS (PREM)

It includes:

Risks related to decline in stakeholder support (Sovereign- at the Central
government level)

Risks related to decline in stakeholder support (Sub-Sovereign- a
regional or local government body)

Risk that an investor's returns could suffer as a result of political
changes or instability in the country

Risks related to possible economic and political sanctions.

Legal and litigation risks on miscellaneous reasons

Environmental risks related to observance of ecosystem of the area in
sensitive zones,

Risks related to management of waste, noise, air pollution, loss of green
cover in residential zones

Failure to perform hazard and operability (HAZOP) studies

Risk related to a possible Cyber-attack

Risk related to a possible Global fiscal crisis

Risk related to a possible Internal fiscal crisis

Risk related to a Global Energy Price shock

CATEGORY - 2: FINANCING/ FUNDING RISKS (FFR)

It includes:

Risks related to arrangement of finances from foreign Multilateral/

Bilateral conditional/ tied loans
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Refinancing risks in construction/ operating phase

Risks related to foreign exchange rate variation, Currency transfer and
convertibility risks, Credit risks with financial institutions (donors
unable to meet contractual arrangements of funding)

Risks related to Non-compliance of contractual arrangements (by the
borrowers) with Multinational Development Banks

Risks related to financing or funding of increase in cost estimates
(prices and quantities), Liquidity Risks of Construction / Operating
companies

Inflation risk leading to erosion of purchasing power of Indian currency,
Interest rate risks during construction and operation phase, both India

and in donor countries

CATEGORY - 3: HUMAN RESOURCE, DESIGN, CONSULTANCY
AND MANAGEMENT RISKS (HRDCM)

It includes:

lack of skilled experts on HSR technology on client’s side, risks due to
lack of skilled executive teams with construction companies

Lack of knowledge to understand your project by contractors.

Absence of standard specifications for High-Speed Rail in India for
components like signaling, safety, Rolling Stock and interface issues
Risk related to possible sub- optimal designs, both in a concept design
or a detailed design, Failure to identify the optimal location of stations
in the cities to ensure ideal multi-modal connectivity

Failure to identify intra-organizational communication system.
Restrictions on use of professional consultation and alternative designs
by foreign / Indian companies, particularly related to possible conditions
in the bilateral financing arrangement

Risks related to successful long-term operations due to lack of an
appropriate management structure, particularly regarding separation of
ownership of Infrastructure and Operations

Lack of optimum work culture (in India) required to construct and
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operate such complex large infra projects
e Risks related to management capacity in handling possible revenue

shortfalls, mounting debts and handling refinancing options

CATEGORY - 4: CONSTRUCTION, TECHNOLOGY, LAND
ACQUISITION, QUALITY, CONTRACT RISKS (CTLQC)

It includes:

e Right of way (Land) acquisition delays due to poor record and disputed
ownership

e Right of way (Land) acquisition delays due to inadequate /unsatisfactory
compensation leading to litigation

e Preventing implementation of the project in agricultural lands

e Preventing implementation of project in government-owned lands

e Lack of proper implementation plan including swift decisions to
contractors

e Lack of appropriate advanced of material /equipment including poor

quality and adequate safety arrangements at construction sites

CATEGORY - 5: COMPLETION, COMMISSIONING AND HANDING
OVER RISKS (CCHO)

It includes:

e Risks related to Testing and Commissioning of the HSR system-
inadequate experience

e Risks related to final Approvals/Permits

e Risks related to inadequate repository of knowledge with the Public
Authority granting approvals

e Change of Control or Transition Risk on completion of the project.
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CATEGORY - 6: REVENUE, O&M COSTS, RIDERSHIP, NON-FARE
REVENUE, REPLACEMENT COSTS RISK (RORNR)

It includes:

Risks in Contractual robustness/ enforceability in regard to Operation
contracts

Risks of inflated ridership estimates leading to reduced fare revenues
Risks of inflated non-fare revenues like advertisements etc.,

Reduced success in commercial exploitation of station area real estate
due to complicated processing and uncertainty in lease/ownership rights
Time and cost escalation of the project due to various risks discussed
earlier

Risk of lower O&M costs at estimation stage and higher O&M costs
during operation

Risk in insufficient attention to development of stations as commercial
profit centers

Risks of dispute in sharing of revenues among shareholders and the SPV
Risks of refinancing or change in concession agreements in case of

reduced ridership.

4.6 Qualitative Data

The current analysis of the literature demonstrates that a variety of

methodologies have been utilized to evaluate the risk associated with

construction projects and to rank them. In general, these techniques can be

classified as qualitative or quantitative. Qualitative methods were employed less

frequently in risk assessment procedures than quantitative methods.

Quantitative risk assessment and ranking strategies included the relative

relevance index, probabilistic and statistical approaches, analytical hierarchical

process (AHP), fuzzy analysis, and Bayesian network. The relative relevance
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index was the most often used quantitative tool for risk estimation, followed by

probabilistic and statistical approaches.

To evaluate risks, a questionnaire was developed and a survey was conducted.
The questionnaire's first section dealt with risk assessment while the second
section of the questionnaire sought responses from academics and practitioners
with relevant knowledge in the High-Speed Rail business on their opinion on

each of the risks categories and risk factors identified above.

The Likert scale of five points has been chosen to allow the experts to express

how much they agree or disagree with a particular statement.

A five-point linguistic scale with corresponding definitions of possible RI (risk
identification) and D (description) values is chosen as responses to each of the

questions (risk factors) in the questionnaire for Risk factors identified above.

Table 3.3 Linguistic definition of risk impact

Risk Impact Description
AT Cost and time overrun is less than 1%; project scope or quality change is
: not noticeable.
fik Cost and time overrun is between 1% and 4%; few areas of project scope
or quality are affected.
L P Cost and time overrun is between 4% and 7%; major areas of project
scope or quality are affected.
High Cost and time overrun is between 7% and 10%; changes in project scope
or quality are unacceptable.
Very high Cost and time overrun is more than 10%; project scope or quality does

not meet business expectations.
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4.7 FLOW CHART FOR ANALYSIS OF DATA:

The following is the flow chart of the process adopted to carry out the analysis
of the Data collected, as described above. First the data will be analyzed for the
risk dimensions within each category separately and then an overall analysis
will be carried out for the 6 categories among themselves using the same flow

chart.
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!

Selecting the Questionnaires and its relation, relevance and Pre-testing

!

Collection of Data (administration of questionnaire) & apply feature selection
(variance threshold & fisher score) for Sampling of frame, method and size.

|

Sampling of Random Variables and apply Correlation for all feature variables

(col

umns)

Analysis of Data Using Monte Car

lo Simulation & significant relationship

Generate NS sets of state transaction data for Ns Copies of Dependent
Variables

!

Elimination of System which does not match with Observation based on
Sampling

!

Performance analysis through eliminating numeric problems

!

Compute State Probabilities for the rest of the system in the Data

Any Ad

!

. System Level Observations
ditional

Performing Statistical analysis for output results

!
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Fetching Delphi Library for analysing prominence and relation for
the output and input data

!

Calculating Prominence and Relations

!

Fig 4.1 Flow Chart of work

1. Collecting and Dividing the Data into 6 Categories via performing feature
selection and extraction: -
a) PREM = Political, Regulatory, Environmental and Macroeconomic Risks.
b) FFR = Financing/ Funding risks
¢) HDCM = Human Resource, Design, Consultancy and Management risks
d) CTLQC = Construction, Technology, Land acquisition, Quality, Contract
Risks
e) CCHO = Completion, Commissioning and Handing Over Risks
f) RORNR = Revenue, O&M Costs, Ridership, Non-fare revenue,
Replacement costs Risk
2. Sampling of all variables and calculating correlation matrix of all the features
(variables).
3. Starting Monte Carlo analysis from the correlated data based on its correlation
significance.

4. Generating a set of transition data and copy of its dependent variables.
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Eliminate the system which does not match the observation results from the
correlation in Monte Carlo.
Compare output possibilities to the rest of the system and if there is any
inspection data, apply system-level observation.
Statistical analysis for output data from Monte Carlo.
Calculate Prominence and Relation using analysis matrices the from Delphi
model library.

The next chapter (Chapter 5) deals with the analysis of the data and the

results obtained.
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CHAPTER-5

DATA ANALYSIS AND FINDINGS

The risk categories identified and enumerated in Chapter 4, are listed below.
The abbreviations are used for ease of reference. The data obtained as responses
from experts is the raw data used for analysis. The methodology of analysis is

according to the flow chart mentioned in chapter 4 at page ---.

5.1 Following are the risk categories considered for analysis of data to generate
a Risk Mitigation framework:

Category | Abbreviation Risk Dimensions Number of Risk

dimensions

C1 PREM Political, Regulatory,
Environmental, and

Macroeconomic Risks.

C2 FFR Financing/ Funding risks

C3 HDCM Human Resource, Design,
Consultancy, and Management
risks

C4 CTLQC Construction, Technology, Land
acquisition,  Quality, Contract
Risks

C5 CCHO Completion, Commissioning, and

Handing Over Risks

C6 RORNR Revenue, O&M Costs, Ridership,
Non-fare revenue, Replacement

costs Risk

Source - Author Self Made



C1- PREM Dataset Attributes (the actual response received from experts)

Risks related Risks related Risk that an Risks Risks related to
to decline in to decline in investor's related to Environmental management of Failure to Risk Risk Risk
stakeholder returns possible Legal and " g N related to related to
stakeholder support (Sub-  could suffer economic litigation risks risks related to waste, noise, perform related to a a
Sovel’selilpr?o; Sovereign- a as aresult and political D:CS::V:::: g; I‘:I;spgil" u:_:’:n’ I‘;az:rradh;nd nssibI: possible  possible
( th Cg ; | regional or of political sanctions miscellaneous thy - gree pHAZOPy P Cyb. Global Internal
e Len rat local  changes or during the reasens iti © area in ':.;“;.""' ( fudi ) t{a e': fiscal fiscal
governlmer] government  instability in course of sensitive zones residentia studies attac crisis crisis

evel) body) thecountry the project zones
1 3.0 20 30 30 3.0 3.0 3.0 30 20 4.0 30
2 4.0 20 4.0 50 4.0 4.0 5.0 50 3.0 4.0 3.0
3 50 50 50 50 40 3.0 30 30 40 40 40
4 50 40 40 40 50 3.0 4.0 40 40 4.0 40
5 3.0 30 4.0 4.0 5.0 40 3.0 30 3.0 30 40
6 40 40 40 40 40 50 50 20 20 5.0 40
7 20 40 30 20 40 4.0 40 20 20 40 40
8 50 50 50 50 4.0 3.0 20 20 20 4.0 50
9 4.0 4.0 4.0 4.0 NaN 5.0 5.0 3.0 3.0 4.0 4.0
10 40 40 50 30 30 3.0 30 30 40 30 40
1 50 50 50 40 40 50 40 40 50 30 40
12 50 50 50 4.0 5.0 50 5.0 50 3.0 5.0 50
13 4.0 30 1.0 20 5.0 3.0 3.0 3.0 4.0 20 20
14 3.0 50 50 20 30 50 50 40 50 4.0 20
15 3.0 40 40 40 40 4.0 40 40 30 3.0 40
16 50 50 50 50 5.0 3.0 3.0 50 20 3.0 50
17 3.0 4.0 4.0 30 5.0 20 2.0 1.0 20 20 40
18 40 50 30 30 20 20 20 20 20 30 30
19 4.0 4.0 4.0 4.0 50 5.0 4.0 40 4.0 40 4.0
20 3.0 30 4.0 4.0 30 4.0 3.0 20 30 20 3.0
21 20 4.0 20 10 50 5.0 3.0 3.0 4.0 20 20
22 4.0 50 4.0 30 30 4.0 4.0 30 4.0 30 3.0
23 1.0 3.0 30 30 30 30 30 40 40 30 20
24 3.0 30 40 30 30 30 20 30 20 20 30
25 3.0 3.0 40 40 40 30 30 40 30 40 40
26 40 30 40 40 30 40 4.0 40 30 40 40
27 5.0 50 50 50 50 5.0 5.0 40 30 30 3.0
28 50 50 50 30 30 4.0 4.0 30 30 40 3.0
29 3.0 4.0 20 20 20 1.0 1.0 20 20 20 3.0
30 20 20 4.0 20 20 20 20 20 20 1.0 1.0
31 50 50 50 50 50 40 30 30 30 20 20
32 3.0 30 40 30 30 40 30 40 30 30 40
33 3.0 40 50 50 40 30 30 40 40 40 40
34 40 5.0 30 20 40 40 50 40 30 50 40
35 1.0 1.0 20 30 1.0 3.0 20 1.0 1.0 1.0 20
36 3.0 30 30 20 30 20 20 20 30 20 20
37 1.0 4.0 50 50 30 3.0 3.0 3.0 30 30 3.0
38 4.0 30 50 4.0 4.0 5.0 3.0 30 20 40 3.0
39 40 40 50 40 30 40 30 30 20 20 20
40 50 5.0 30 30 30 20 20 30 20 40 40
4 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN
42 40 4.0 40 30 50 50 1.0 50 40 40 50
43 50 30 50 10 30 30 30 40 40 30 30
44 50 40 50 40 40 40 40 40 40 40 40

Fig 5. 1 Dataset (Actual Responses) for C1- PREM

Source - Author Self Made
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The first step is to fetch the entire portion of data related to a particular risk
dimension (individual question in the questionnaire) in each of the 6 risk
categories (category -wise). The data regarding category -1 is as shown in fig
5.1.

Using the Pandas software library which provides tools for working with
tabular data, i.e., data that is organized into tables that have rows and columns,
the tabular data is modified and aggregated for use in other Python modules like
Monte Carlo Simulation (for statistical analysis, in our case) or Matplotlib (for

visualization).

Feature Selection & Extraction:

We applied feature selection and extraction on our selected dataset so that we
can provide a suitable sampling of data so that data is in the form that is accepted
by the Monte Carlo method. In this feature selection and extraction, we used 2
important predefined methods with the help of the Scikit-learn (SKLearn)
library file, which are (1) Variance Threshold (which calculates the variance of

each feature and compares based on the formula predefined in that method) and
(2) Fisher Score (which calculates the score of constants called Fisher
predefined in the method) and comparison of data is carried out. The variance
threshold is a simple baseline approach to feature selection. It removes all
features in which variance doesn't meet some threshold value. By default, it
removes all zero-variance features, i.e., features that have the same value in all
samples. Its underlying idea is that if a feature is constant (i.e., it has 0
variance), then it cannot be used for finding any interesting pattern and
can be removed from the dataset. Fisher score is another one of the most

widely used supervised feature selection methods.

5.1.1 Category-1: PREM: Dataset Attributes:

The abbreviated form each risk feature is as follows:

P_R1 = Risks related to decline in stakeholder support (Sovereign- at the Cent
ral government level)

P_R2 = Risks related to decline in stakeholder support (Sub-Sovereign- a regi

onal or local government body'
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P_R3 = Risk that an investor's returns could suffer due to political changes or i
nstability in the country

P_R4 = Risks related to possible economic and political sanctions in course of
the project

P_R5 = Legal and litigation risks on miscellaneous reasons

P_R6 = Environmental risks related to observance of ecosystem of the area in

sensitive zones

P_R7 = Risks related to management of waste, noise, air pollution, loss of gre

en cover in residential zones

P_R8 = Failure to perform hazard/operability study

P_R9 = Risk related to a possible Cyber-attack

P_R10 = Risk related to a possible Global fiscal crisis

P_R11 = Risk related to a possible Internal fiscal crisis

Feature Selection & Extraction:

First the Variance Threshold feature selection will find the variance of every
single data (of the feature) which is provided from the raw data as above. After
the variance is calculated, the Fisher Score is calculated by the system. Based
on this score the constant and non-constant features are separated. All this is
done using the software library file. The variance threshold is kept as zero 0 as
the base value,

The raw data set as in Fig 5.1 is fed in the library file.

Find constant (which has no variance and is not suitable for the statistical anal

ysis) and Non-Constant Features: The result from the software is as follows:

[ True True True True True True True True True True True]
No. of Non-Constant Features: 11 (out of 12)

5.1.2 Correlation Comparison and distribution:

After the feature selection and extraction, we will calculate the correlation
between each feature in the selected dataset to find which feature is highly
correlated to which feature and which feature is not correlated to others at all.
These are decided based on the marks given in the correlation table in which we

determine the highly correlated variable by comparing the correlation value
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with base value (default=0.5[can be changed manually]). If the value is more
than 0.5, then the 2 feature values are highly correlated, else they are not. The
correlation between each 2-feature data is calculated using the formulae:

Cor (X, Y) = (sum (x - mean(X)) * (y - mean(Y))) * 1/(n-1)

PR3

P_R4

P_RS

PR7 PRG

P_RB

P_R9

-00

P_R10

012

PRIL

] 1 |
PRI PR2 PR3 PR4 PRS PR6 PR7 PRE PR PRID PRI

Fig 5.2 Correlation matrix heat map (graphical) for C1-PREM

Source - Author Self Made

High Correlation and non-correlation of features are shown in graphical format
based on the above description in fig 5.2. High Correlation and non-correlation
of features are shown in table format in fig 5.3 (which will be helpful to perform
several calculations related to correlation) based on the above description.
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P_R1 P_R2 P_R3 PR4A PR5 PR6  P_R? P_R8 PRI P_RI0  P_RH

P_R1 1.000000 0512640 05423891 0253530 0321569 0.023018 0.184608 0338143 0200859 0.484958 0614108
P_R2 0512640 1.000000 0417558 0.084195 0.385375 0.119859 0151178 0120172 0267856 0.401352 0469285
P_R3 0542391 0417558 1.000000 0474221 0223448 0138738 0.237796 0350124 0410337 0.285276 (0.454453
P_R4 0253530 0084195 0474221 1.000000 0215774 -0.010179 0.080241 0206478 -0.103467 0.230470 0.539649
P_RS 0321569 0385375 0223448 0.215774 1.000000 0.310016 0.328304 0354982 0275315 0.315645 0537702
P_R6 0.023018 0.119858 0138738 -0.010179 0.310016 1.000000 O.774096 0338575 0462926 0.315680 -0.011933
P_R7 0.184608 0151178 0237796 0.080241 0.328304 0774096 1.000000 0545303 0443947 0.653951 0.121349
P_R8 0336143 0120172 0359124 0.206478 0.354982 0336575 0.546303 1.000000 0551534 0420232 0182426
P_R9 0200859 0.267856 0410337 -0.103467 0.275315 0462926 0.443047 0551534 1.000000 0.167861 -0.139244
P_R10 0484958 0401352 0285276 0230470 0.315645 0315680 0.653951 0420239 0167861 1.000000 0485755
P_R11 0614108 0469285 0454453 0539649 0537702 -0.011933 0.121349 0182426 -0.139244 0485755 1.000000

Fig 5.3 Correlation matrix for C1-PREM source - Author Self Made

After the Correlation calculation is done, as shown in the above table, the Highly
Correlated features will be passed into Monte Carlo Simulation model as a set
of Transition Data while all the non-correlated data will be passed to Monte
Carlo Simulation model as Dependent Variables.

As per the above correlation matrix, number of most correlation features
are: 6

Legal and litigation risks on miscellaneous reasons

Risk related to a possible Cyber-attack

Risk related to a possible Global fiscal crisis

Risk related to a possible Internal fiscal crisis

o > w0 N e

Risks related to decline in stakeholder support (Sub-Sovereign- a regio
nal or local government body)
6. Risks related to management of waste, noise, air pollution, loss of gree
n
cover in residential zones
5.1.3 Monte Carlo Simulation Method:
Now the Transition data and the data of dependent variables are going to pass
into the Monte Carlo Simulation method.
First the Data Ratio Graph from raw Transition data and Dependent Variables
is prepared without any statistical analysis using the Monte Carlo Risk
Management Method. Then the execution of the Monte Carlo Simulation starts

for statistical analysis.
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A screenshot of the back-end process in the Monte Carlo Simulation method is

as below:

Applied NN Model inside Monte Carlo - Details
rdodel: "sequent=l_1"

Layar[typs O utputShape P aram¥

em sty memeiiser  acse

!}}v\r’\n’_-'—lF!HH:- [Mone,11,50) Z2o0z00

mSlnrqrq} [Mons, 50} 2 0Z00

dens=_1[Densa) [Mon=, 1) 523

Tot=lparsms: 50,851
Trainsble pamms: 50,851

M on-trsinsble params: 0

Fig 5. 3A Correlation matrix for C1-PREM Source - Author Self Made

After calculating the probabilities from performance analysis, we will check for
additional inspection and based on the criteria (inside Monte Carlo’s predefined

method) if met - will perform system level observation.

Predicted Data for each attribute From Monte Carlo Risk Analysis|

array([[3.756576],
[3.6475167],

[25230374]

[2.4059536]

[2.2885013]

[2.1488183],

[2.0326383]

1

1

1

]

»
»
»

[19180554],
[L7143209],
[L6831634],
[

1.562201]], dtype=float32)

Fig 5.4 Correlation matrix for C1-PREM source - Author Self Made

If criteria do not meet additional inspection, Monte Carlo will perform some st

atistical analysis and print the following graph after performing certain calcu

lations of raw and statistical data. The result of the Monte Carlo Simulation an
d its predicted values are depicted in the graph below:
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15.0 175

Fig 5. 5 Analysis of results as obtained from Monte Carlo Simulation for

C1-PREM

Source - Author Self Made

After this Statistical Analysis (as above), Monte Carlo model will perform risk

factor probability calculation (shown below as “marks”) which are in the range

of low-high review score of numeric problems of each feature (in this case 1-5)

as shown in table 5.1.

MARKS
RISK FACTOR (Risk probability-
prediction as per
MCS)

Risks related to decline in stakeholder support 3.756576

(Sovereign- at the Central government level)

Risks related to decline in stakeholder support (Sub- 3.6475167

Sovereign- a regional or local government body)

Risk that an investor's returns could suffer as a result of 2.5230374

political changes or instability in the country

Risks related to possible economic and political 2.4059536

sanctions during the course of the project

Legal and litigation risks on miscellaneous reasons 2.2885013

Environmental risks related to observance of ecosystem 2.1488183

of the area in sensitive zones
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RISK FACTOR MARKS
(Risk probability-
prediction as per
MCS)

Failure to perform hazard/operability study 2.0326383

Risk related to a possible Cyber attack 1.9180554

Risk related to a possible Global fiscal crisis 1.7143209

Risk related to a possible Internal fiscal crisis 1.6831634

Source - Author Self Made
Result: From the results of the Monte Carlo Simulation method, after
performing the risk factor probability analysis, the MARKS as shown in the
table above signify how much probability of occurrence each of the above
features have in the Indian HSR project. Risk related to decline in stakeholder
support (sovereign- at the central government level) is most likely to happen

and Risk related to a possible Internal fiscal crisis is least likely.

5.1.4 After we get output marks for each risk factor from the Monte Carlo
Simulation method, we will calculate the Prominence and Relation of the total
effect given and received by each risk to other risk factor or each risk from other
risk factor and will help us find Impact Receiver Ratio. Here: -
Prominence = (ri + ci)
Relation = (ri - ci)
where ri (Rank) = Total effect given by each risk to other

ci (Consensus) = Total effect received by each risk from other risks,
which will be calculated with the help of predefined methods like
(defuzzyfyCOA, maptoFuzzy Number, Memu etc.) inside the Delphi library
(only methods required for calculating ri& ci). ri (total effect given by each risk
to other) is determined through how high the rank of a certain feature is. ci (total
effect received by each risk from other) is determined through how high the

consensus of a certain feature is.
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AttributeName
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Verdict

Risk related to a possible Internal fiscal crisis 15.350 0.3255271 Retained

Risk related to a possible Global fiscal crisis ~ 7.580 0.651042 Retained

Risk related to a possible Cyber attack  3.8340 1.302083 Retained

Failure to perform hazard and operability (HAZOP) studies  1.920 2.604167 Retained

Risks related to management of waste, noise, air pollution, loss of green cover in residential zones  0.950 5208333 Retained

Environmental risks related to observance of ecosystem of the area in sensitive zones 0480 10.416667 Retained

Legal and litigation risks on miscellaneous reasons 0240  20.833333 Retained

Risks related to possible economic and political sanctions during the course of the project  0.120 41.666667 Retained

Risk that an investor's returns could suffer as a result of political changes or instability in the country  0.060 83.333333 Retained

Risks related to decline in stakeholder support (Sub-Sovereign- a regional or lecal government body) 0.030 166666867 Retained

Risks related to decline in stakeholder support (Sovereign- at the Central government level) 0015 333333333 Retained

Table 5. 1 Ranking table (ri) for analyzed data using Monte Carlo for C1-

PREM

Source - Author Self Made
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Fig 5.6 Ranking Table in graphical form for C1-PREM

Source - Author Self Made



AttributeName

Risks related to arrangement of finances from foreign Multilateral/ Bilateral conditional/ tied loans

Refinancing risks (replace a debt obligation with new debt at a critical time for the borrower) in construction/ operating phase
Currency transfer and convertibility risks

Credit risks with financial institutions (donors unable to meet contractual arrangements of funding)

Risks related to Non-compliance of contractual arrangements (by the borrowers) with Multinational Development Banks

Risks related to financing or funding of increase in cost estimates (prices and quantities)

Liquidity Risks of Construction / Operating companies

Inflation risk leading to erosion of purchasing pewer of Indian currency
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Rank

0.07500
0.07475
0.07450
0.07425
0.07400
0.07375
0.07350

0.07325

Table 5. 2 Consensus table (ci) for analyzed data using Monte Carlo for

C1-PREM

Source - Author Self Made

Consensus

350
B Consensus

00 4 — Consensus
250 -

200 1

100 -

P R11P R1OP R9 P RB P R7 P R6 P RS P R4 P R3 P R2 P Rl
AttributeName

Fig 5.7 Consensus Table in graphical format for C1-PREM

Source - Author Self Made

Consensus

66.666667

66.889632

67114094

67.340067

67.567568

67.796610

68027211

68.259386

Verdict

Retained

Retained

Retained

Retained

Retained

Retained

Retained

Retained
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AttributeName

Credit risks with financial institutions (donors unable to meet contractual arrangements of funding)

Currency transfer and convertibility risks

Inflation risk leading to erosion of purchasing power of Indian currency

Liquidity Risks of Construction / Operating companies

Refinancing risks (replace a debt obligation with new debt at a critical time for the borrower) in construction/ operating phase
Risks related to Non-compliance of contractual arrangements (by the borrowers) with Multinational Development Banks

Risks related to arrangement of finances from foreign Multilateral/ Bilateral conditional/ tied loans

Risks related to financing or funding of increase in cost estimates (prices and quantities)

Table 5.3 Prominence table for C1-PREM

Source - Author Self Made

Rank

16 1
EEE Rank
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AttributeName

Fig 5.8 Prominence analysis in graphical form for C1-PREM

Source - Author Self Made

0.19425

0.13450

1.99325

1.03350

0.10475

0.31400

0.09000

0.55375

Consensus

109.006734

150.447427

70.863552

73.235544

233.556299

88.400901

400.000000

78.213277
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Rank Consensus
AttributeName
Environmental risks related to observance of ecosystem of the area in sensitive zones  0.40625 -57.379944
Failure to perform hazard and operability (HAZOP) studies  1.84675 -65.65521%
Legal and litigation risks on miscellaneous reasons  0.16600 -46.734234
Risk related to a possible Cyber attack  3.76700 -67.191067
Risk related to a possible Global fiscal crisis  7.60725 -68.077481
Risk related to a possible Internal fiscal crisis 15.28750 -68.63999%
Risk that an investor's returns could suffer as a result of political changes or instability in the country -0.07450 16.21923¢
Risks related to decline in stakeholder support (Sovereign- at the Central government level) -0.06000 266.666667
Risks related to decline in stakeholder support (Sub-Sovereign- a regional or local government body) -0.04475 99777035
Risks related to management of waste, noise, air pollution, loss of green cover in residential zones  0.88650 -52.818878
Risks related to possible economic and political sanctions during the course of the project  0.04575 -25.673401
Table 5. 4 Relation Table for C1-PREM
Source - Author Self Made
Rank
16
BN Rank
14 1
10
6 1
4 4
N  — =m B
L L] 1 L] L) L] L] 1 L L L]
— i~ (1] L 8 LM uw P o h =] —
n:l |:|:l n:l [= I |:'£I n:l :f.'l n:l = 4 I E E
(- o [- o = (- (=8 = (= ] |
(=8 [«
AttributeName

Fig 5. 9 Relation analysis in graphical form for C1-PREM

Source - Author Self Made
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Result: From the above Prominence and Relation analysis, it is observed that
PR11(Risk related to a possible Internal fiscal crisis) has the highest effect over
all others features in this category and also receives the most effect from all risk
features in the category. Thus, from the management perspective, this risk
feature needs to be mitigated on high priority. The risk parameters PR1 (Risks
related to decline in stakeholder support (sovereign- at the central government
level)) and PR2 (Risks related to decline in stakeholder support (sub-sovereign-
a regional or local government body) have the highest probability of occurrence

and have to be monitored.

The above analysis for risk probabilities and correlation and dominance has
been carried out using the Monte Carlo simulation method and the process flow
hart for risks in Category 1. All the above steps of the process flow are carried
out for all other 5 Risk categories and the result of each analysis will be

enumerated.
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5.2. C2- FFR: Financing/ Funding risks:

FFR Dataset Attributes ( Actual response received from experts)

Risks related to Refinancing risks Risks related to Non-  Risks related to

Credit risks with " - . Inflation risk
arrangement of (replace a debt " S compliance of financing or P . .
" A y Currency financial institutions : Liquidity Risks leading to
finances from obligation with new contractual funding of N N
foreign Mulg!laieraI: d:bt al: ahcriiical ti;r_ne c‘;:::::;oﬂ:: (ﬁ:e‘;’;':::::c':u‘; arran%ements [h]y 1_!1; increase in cost of Cr?rg;;t::::; pz;ﬁl:; no;
ilateral or the borrower) in " orrowers) witl estimates y "

conditionall tied construction/ risks arranger;-nuenr:jtisno;' Multinational (prices and companies  power :Illl:edl'll::n
loans operating phase g Development Banks quantities) Y
1 20 3.0 30 20 1.0 30 3.0 4.0
2 40 50 40 30 40 50 5.0 40
3 3.0 30 40 3.0 20 40 3.0 20
4 4.0 40 5.0 4.0 4.0 50 4.0 4.0
5 40 40 40 4.0 40 40 4.0 40
6 40 40 4.0 4.0 30 50 4.0 40
7 4.0 40 1.0 3.0 4.0 5.0 4.0 4.0
8 40 30 30 30 3.0 30 30 NaN
9 20 40 40 20 20 40 3.0 40
10 3.0 30 4.0 3.0 3.0 50 5.0 4.0
11 3.0 50 10 20 40 40 30 40
12 20 20 2.0 1.0 20 50 5.0 40
13 1.0 3.0 4.0 20 20 5.0 3.0 3.0
14 20 20 2.0 20 3.0 50 30 20
15 3.0 40 30 3.0 40 30 3.0 40
16 4.0 50 4.0 3.0 5.0 40 3.0 5.0
17 40 30 20 1.0 20 50 4.0 20
18 20 3.0 2.0 20 2.0 30 20 2.0
19 4.0 40 4.0 5.0 4.0 5.0 4.0 4.0
20 3.0 30 30 3.0 3.0 3.0 3.0 20
21 20 20 50 20 4.0 4.0 4.0 4.0
22 3.0 30 4.0 3.0 20 4.0 4.0 4.0
23 4.0 4.0 3.0 3.0 3.0 4.0 3.0 1.0
24 3.0 4.0 20 3.0 3.0 4.0 4.0 3.0
25 3.0 3.0 3.0 3.0 4.0 5.0 3.0 4.0
26 3.0 4.0 3.0 30 3.0 4.0 4.0 3.0
27 3.0 3.0 3.0 4.0 40 3.0 20 2.0
28 3.0 30 4.0 4.0 3.0 50 4.0 4.0
29 1.0 20 30 20 20 3.0 3.0 2.0
30 20 20 20 20 20 4.0 4.0 2.0
31 3.0 3.0 20 20 20 2.0 20 2.0
32 4.0 4.0 3.0 4.0 3.0 4.0 4.0 3.0
33 3.0 4.0 4.0 20 3.0 4.0 4.0 4.0
34 3.0 20 3.0 1.0 3.0 50 4.0 4.0
35 1.0 1.0 3.0 20 1.0 2.0 20 1.0
36 20 20 20 20 20 3.0 20 2.0
37 4.0 40 30 3.0 3.0 4.0 4.0 3.0
38 4.0 50 4.0 3.0 3.0 4.0 3.0 3.0
39 1.0 20 3.0 1.0 1.0 5.0 4.0 NaN
40 3.0 4.0 4.0 3.0 4.0 4.0 3.0 2.0
4 NaN NaN NaMN NaN NaN NalN NaN NaN
42 50 4.0 3.0 1.0 3.0 50 30 4.0
43 20 4.0 4.0 20 20 50 30 3.0

44 40 4.0 4.0 30 4.0 40 4.0 40

Fig 5.10 Dataset (Actual Responses) for C2- FFR

Source - Author Self Made
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Abbreviated form of each risk feature (as in Category-1, is not done here. Full
form is used.

Feature Selection & Extraction: The results of the Variance Threshold feature
selection and the Fisher Score method is as follows:

Find Constant and Non-Constant Features:
[ True True True True True True True True]

No. of Non-Constant Features: 8 (out of 8)

Risks related to arrangement of finances from foreign Multilateral/ Bilateral
Refinancing risks (replace a debt obligation with new debt at a critical time for the borrower) in construction/
operating phase

Currency transfer and convertibility risks

Credit risks with financial institutions (donors unable to meet contractual ari

Risks related to Non-compliance of contractual arrangements (by the borroy
Banks

Risks related to financing or funding of increase in cost estimates (prices ant
Liquidity Risks of Construction / Operating companies

Inflation risk leading to erosion of purchasing power of Indian currency

sjueg juawdojersq

[eUORUNINIAL YN (S18M01104 83U} Aq) SjusLuaBUE.IE [BNJORIIUOD JO 30UBI|dWOD-UON O} Palejal SSIY
aseyd Bunelado juonanisuod

s ANJIGIIBAUOD pue Jajsuel} Koualnd
ul (Jemouiog 8y Joj awil [edNLD B Je 1gap Mau yum uonebijqo 1gap e adedai) sysu Buroueulyey

sajuedwod Buneiado / uonoNAIsUOY J0 sysiy Anpinbig

s
=
8
=3
E
=
z2
T
8
g
S

a
5
2
s
2,
g
S
o
ES

=
5
s
g
g

3

=
3
=
5
2
5
g
o
5
3
2
3

2

(sannuenb pue sao1id) seyewisa 1509 ul aseaiaut Jo Buipuny 1o Buroueuly 0} payejal sysiy

(Butpuny Jo sjuaLaBUELIR [eN}IBIIUO0D 185WW O} B]GRUN SIOUOP) SUOHNNISUI [RIOUBUL UMM SHSH P3ID
SUBO| Pal} /[eUORIPUOD [BI31R|IE /BJaTe|NINIA UBIBI0) WO SOUBULY JO JusLaBUELIE 0} pajejal SySIY

Fig 5. 11 Correlation matrix heat map for C2- FFR  source - Author self Made
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Fig 5. 12 Correlation matrix for C2- FFR  source - Author Self Made

Number of most correlation features are: 3

1. Inflation risk leading to erosion of purchasing power of Indian currency

2. Liquidity Risks of Construction / Operating companies

3. Refinancing risks (replace a debt obligation with new debt at a critical

time for the borrower) in construction/ operating phase

Inflation risk
leading to
erosion of

purchasing
power of
Indan
Qarmeacy

0204665

Pregemen

Fig 5. 13 Analysis of results obtained from Monte Carlo for C2- FFR

Source - Author Self Made
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currency

MARKS
prediction as per

MCS)
Risks related to arrangement of finances from foreign 4.0050188
Multilateral/ Bilateral conditional/ tied loans
Refinancing risks in construction/ operating phase 3.4501925
Currency transfer and convertibility risks 3.42181
Credit risks with financial institutions (donors unable to meet 3.4166508
contractual arrangements of funding)
Risks related to Non-compliance of contractual arrangements (by | 3.2271917
the borrowers) with Multinational Development Banks
Risks related to financing or funding of increase in cost 3.1515958
estimates (prices and quantities)
Liquidity Risks of Construction / Operating companies 3.2440374
Inflation risk leading to erosion of purchasing power of Indian 2.9317708

Table 5. 5 Statistical analysis output of each variable for C2 - FFR

Source - Author Self Made

5.2.1 Result: From the results of the Monte Carlo Simulation method, after

performing the risk factor probability analysis, the MARKS as shown in the

table above signify how much probability of occurrence each of the above

features have in the Indian HSR project. Risk related to arrangement of finances

from foreign Multilateral/ Bilateral conditional/ tied loans is most likely to

happen and Inflation risk leading to erosion of purchasing power of Indian

currency are least likely.




Rank Conpensus  Verdict
AttributeName
Inflation risk leadung to eroslon of purchasing power of Indlan curency 1920 JAMIG! Retained
Liquidity Risks of Construction / Operating companles (960 5208333 Relaed
Risks related to financing or funding of incroase in cost estimaten (prices and quantities) 040 (0A1EGET Rutaieg
Rish rlated to Non-complance of contractul arangements by the bortowers) with MutinationalDevelopment Banks 0241 10332333 St
Creditrisks with financal nstitutions donors unable to meet contactual arrangements of unding) 0120 41444461 Retanas
Currency tranfer and convertibilty risks 0060 8332333 Retsineg
Refinancing risks (replace a debt obligation with new debt at i critical time for the borrower) in consiruction/ opetating phass 050) 166566667 Ratilned
Risks related to arrangement of finances from forelgn Multilateral/ Bilateral conditional/ tied loans 001 332333331 Ratained

Table 5. 6 Ranking table (ri) for analyzed data using Monte Carlo for
C2-FFR

Source - Author Self Made
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Inances from darmgn WBlaterall Disersl conditnasy ted am +

Fig 5. 14 Ranking Table in graphical form for C2 — FFR

Source - Author Self Made



AttributeName

Risks related to arrangement of finances from foreign Multilateral/ Bilateral conditional/ tied loans

Refinancing risks (replace a debt obligation with new debt at a critical time for the borrower) In construction/ operating phase
Currency transfer and convertibility risks

Credit risks with financial institutions (donors unable to meet contractual arrangements of funding)

Risks related to Non-compliance of contractual arrangements (by the borrowers) with Multinational Development Banks

Risks related to financing or funding of Increase In cost estimates (prices and quantities) 0.

Liquidity Risks of Construction / Operating companies (.0

Inflation risk leading to erosion of purchasing power of Indian currency

100

Rank

0.07300
0.07475

007450

Table 5.7 Consensus table (ci) for analyzed data using Monte Carlo for

C2-FFR

Source - Author Self Made
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Fig 5. 15 Consensus Table in graphical format for C2 — FFR source - Author

Self Made
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AttributeName

Credit risks with financlal institutions (donors unable to meet contractual arrangements of funding)
Currency transfer and comvertibility risks
Inflation risk leading to erosion of purchasing power of Indian currency

Liquidty Risks of Construction / Operating companies
Refinancing risks (replace a debt cbligation with new debt at a critical time for the berrower) In construction/ operating phase

Risks related to Non.comphance of contractual arrangements (by the borrowers) with Multinational Development Banks

Risks refated to arrangement of finances from foreign Multilateral/ Bilateral conditional/ tied loans

Risks related to financing of funding of increase in cost estimates (prices and quantities)

Table 5. 8 Prominence table for C2 — FFR source - Author Self Made
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Fig 5.16 Prominence analysis in graphical format for C2 - FFR

Source - Author Self Made
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AttributeName
Credit risks with financial Institutions (donors unable to meet contractual arrangements of funding)
Currency transfer and convertibility risks

risk leading to ion of purchasing power of Indian currency

Liquidity Risks of C / Operating compani

cing risks (replace a debt obligation with new debt at a critical time for the borrower) In construction/ operating phase

Risks related to Non-compliance of I arrang {by the b 5) with | I Development Banks
Risks dto g of fi from foreign Multilateral/ Bilateral conditional/ tied loans
Risks related to fi ing or funding of i in cost esti {prices and quantities)

Table 5. 9 Relation Table for C2 — FFR source - Author Self Made
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Fig 5.17 Relation table in graphical format for C2 — FFR

Source - Author Self Made
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Rank

0.04575
-0.01450
1.84675
088650
004475
0.16600
-0.06000

0.40625

Consensus

-25.673401

16.219239
-65,655219
-62.618878

9777035
45734224
266.656567

-57.379944
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5.2.2 Result: From the above Prominence and Relation analysis, it is observed
that Inflation risk leading to erosion of purchasing power of Indian
currency has the highest effect over all others features in this category and also
receives the most effect from all risk features in the category. Thus, from the
management perspective, this risk feature needs to be mitigated on high priority.
The risk parameters Liquidity Risks of Construction / Operating companies
and Inflation risk leading to erosion of purchasing power of Indian
currency have the highest probability of occurrence and have to be monitored.

5.3 C3- Human Resource, Design, Consultancy and Management risks:

HDCM Dataset Attributes (actual response received from experts)

Restrictions

Risks related

Risk Failure to onuseof 0 eestul Lack of
Absence of related identify the professional long-term optimum
Eailure to standard to Failure to executive consultation eraliorg;s due work
" specifications . - " processes of the and alternative P culture (in
The lack of Risks due to  understand . possible identify the . A to lack of an :
% " for High Speed / project, designs by N India)
skilled  The lack of lack of  the project gn " sub- optimal P : appropriate ¢

- - Rail in India N " particularly foreign / required

experts on skilled skilled and optimal location of . 1 management
? I a for t ation regarding Indian to

HSR experts in executive activities designs, stations in " structure,
technolos consultant's teams with  associated COMPONENtS . thina the cities to 2 1t of i . articularl construct
e f,y i e Ly ke signaling, 3 e interface among particularly P o Y an
on¢ |er!ds sice  construction wi I! Z,. safety, Rolling C;"E?F G"SI‘:.re ! :al different related to reg?r '"gf operate
side eompanies " © 'f" Stock and esign - mu "'“r° A2 systems and possible ~ S€para 'h°" °f such
contractors interface d ta":ir: connectivity establish intra- conditions in Imf'v“‘rs ‘f o complex
issues :es"en organizational the bilateral  'MTas ’“a“n’: large infra
9! communication financing o ti projects

arrangement. perations
1 40 20 40 40 40 40 40 4.0 30 40 50
2 5.0 4.0 5.0 4.0 4.0 4.0 3.0 4.0 5.0 3.0 20
3 50 30 30 30 20 20 3.0 40 30 40 20
4 2.0 3.0 3.0 3.0 4.0 4.0 3.0 4.0 4.0 4.0 4.0
5 30 30 30 30 50 40 40 40 30 50 50
6 5.0 4.0 4.0 3.0 2.0 2.0 4.0 4.0 3.0 3.0 4.0
7 40 1.0 30 30 1.0 30 3.0 40 40 40 20
8 20 20 20 40 40 50 10 30 50 40 40
9 40 40 40 40 3.0 30 20 20 40 20 20
10 50 40 40 40 40 40 3.0 30 40 40 40
1" 30 50 30 20 3.0 20 40 50 50 40 20
12 30 1.0 50 50 40 50 50 4.0 40 40 50
13 4.0 30 4.0 30 50 30 50 2.0 20 40 30
14 50 30 40 40 50 40 50 50 50 40 40
15 an an an an an an an an an an an
16 50 30 30 4.0 50 20 30 4.0 50 30 5.0
17 2.0 10 2.0 1.0 2.0 2.0 3.0 3.0 2.0 20 20
18 5.0 30 4.0 3.0 2.0 4.0 3.0 50 4.0 3.0 20
19 40 40 40 3.0 3.0 40 50 50 50 40 40
20 40 30 40 4.0 4.0 40 40 40 40 40 30
21 4.0 40 4.0 4.0 4.0 4.0 40 4.0 4.0 10 1.0
22 4.0 4.0 50 20 3.0 4.0 40 50 20 30 50
23 20 20 20 20 20 30 10 20 20 20 10
24 30 20 20 20 20 30 20 4.0 20 30 3.0
25 4.0 4.0 4.0 4.0 4.0 4.0 3.0 4.0 4.0 4.0 4.0
26 4.0 20 30 3.0 4.0 40 40 30 40 40 40
27 20 20 1.0 20 50 20 40 30 50 40 50
28 3.0 30 50 3.0 4.0 40 3.0 50 50 40 50
29 20 20 20 20 20 20 20 20 4.0 30 20
30 4.0 20 30 4.0 20 20 50 4.0 20 40 40
31 50 4.0 4.0 4.0 4.0 4.0 20 4.0 4.0 4.0 4.0
32 30 30 30 4.0 4.0 30 40 4.0 30 4.0 3.0
33 4.0 4.0 4.0 4.0 1.0 5.0 3.0 50 4.0 5.0 4.0
34 50 50 50 4.0 3.0 20 40 40 30 50 30
35 10 10 20 20 1.0 10 10 1.0 10 10 1.0
36 3.0 20 20 20 20 20 20 20 20 20 1.0
37 50 50 50 50 3.0 3.0 3.0 30 50 30 30
38 50 4.0 50 4.0 4.0 3.0 40 4.0 4.0 30 40
39 a0 2.0 20 20 2.0 2.0 20 20 a0 a0 a0
a0 40 3.0 40 40 40 30 40 30 a0 a0 4.0
a1 a0 5.0 50 50 5.0 a0 30 3.0 50 5.0 a0
a2 50 50 50 50 40 5.0 a0 50 50 50 a0
a3 50 a0 30 20 40 4.0 50 a0 40 30 4.0
44 30 3.0 20 30 50 4.0 30 40 40 40 40

Fig 5.18 Dataset (Actual Responses) for C3 — HDCM source - Author self Made
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Abbreviated form of each risk feature (as in Category-1, is not done here. Full
form is used.

Feature Selection & Extraction: The results of the Variance Threshold feature
selection and the Fisher Score method is as follows:

Feature Selection & Extraction (variance threshold)

Find Constant and Non-Constant Features:

[ True True True True True True True True True True True]

Number of Non-Constant Features: 11

Correlation Matrix Raw
Fig 5. 19 Correlation matrix heat map for C3 - HDCM

The lack of skilled experts on HSR technology on client’s side

The lack of skilled experts in consultant’s side

Risks due to lack of skilled executive teams with construction companies

Failure to understand the project and activities associated with it by client/ contractors

Absence of standard specifications for High-Speed Rail in India for components like signaling,
safety, Rolling Stock and interface issues

Risk related to possible sub- optimal designs, both in a concept design or a detailed design

Failure to identifv the ontimal location of stations in the cities to ensure ideal multi-modal connectivity

Failure to identify the executive processes of the project, particularly regarding management of
interface among different systems and establish intra-organizational communication

Restrictions on use of professional consultation and alternative designs by foreign / Indian companies,
particularly related to possible conditions in the bilateral financing arrangement.

Risks related to successful long-term operations due to lack of an appropriate management
structure, particularly regarding separation of ownership of Infrastructure and Operations

Lack of optimum work culture (in India) required to construct and operate such complex large infra
projects
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Fig 5.20 Correlation matrix for C3 — HDCM source - Author Self Made

As per the above correlation matrix, number of most correlation features
are: 8

1. Failure to identify the processes involved in the project, particularly
regarding management of interface among different systems and
establish intra-organizational communication

2. Failure to identify the optimal location of stations in the cities to ensure
ideal multi-modal connectivity

3. Failure to understand the process associated with the project by contractors

4. Lack of optimum work culture (in India) required to construct and
operate such complex large infra projects

5. Risk related to possible sub- optimal designs, both in a concept design
or a detailed design

6. Risks due to lack of skilled executive teams with construction
companies

7. Risks related to successful long-term operations due to lack of an
appropriate management structure, particularly regarding separation of
ownership of Infrastructure and Operations

8. The lack of skilled experts in consultant’s side
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Fig 5. 21 Analysis results obtained from Monte Carlo for C3 -HDCM

Source - Author Self Made
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MARKS
prediction as per

MCS)
The lack of skilled experts on HSR technology on client’s side 3.223391
The lack of skilled experts in consultant’s side 3.0104947
Risks due to lack of skilled executive teams with construction | 3.0405304
companies
Failure to understand the process associated with the project by | 2.9115124
contractors
Absence of standard specifications for High-Speed Rail in India for | 2.8727067
components like signaling, safety, Rolling Stock and interface issues
Risk related to possible sub- optimal designs, both in a concept design | 2.5884066
or a detailed design
Failure to identify the optimal location of stations in the cities to ensure | 2.7143824
ideal multi-modal connectivity
Failure to identify the processes involved in the project, particularly 2.356628
regarding management of interface among different systems and
establish intra-organizational communication
Restrictions on use of professional consultation and alternative designs | 1.9810879

by foreign / Indian companies, particularly related to possible conditions

in the bilateral financing arrangement.
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appropriate management structure, particularly regarding separation of
ownership of Infrastructure and Operations

Risks related to successful long-term operations due to lack of an | 2.4630654

2.366098

operate such complex large infra projects

Lack of optimum work culture (in India) required to construct and | 2.48729

Source - Author Self Made

From the above results oof the Monte Carlo Analysis, we can conclude that the

Risk of the lack of skilled experts on HSR technology on client’s side is most

likely to happen whereas the Restrictions on use of professional consultation

and alternative designs are least likely to affect the project.
Table 5. 10 Statistical analysis output of each variable for C3 - HDCM

AttributeName

Rank

Lack of optimum work culture (In India) required to construct and operate such complex large Infra projects 1.

Risks related to successful long-term operations due 10 lack of an spproprinte management structure, particulurly regarding sepaeation of ewnership of
Infrastracture and Operations

Restrictions on wse of peofessional consuitation and alternative designs by forelgn / Indian companies, particularty refated to possibie conditions in the
bilateral fimancing arrangemant

Fabure 10 Identify the executive processes of the peoject, particularly regaeding management of interface among different systems and establish intra
organizational communication

Falkare to Identify the optimal location of stations in the ctios to eesure ideal medti-modal conmectivity
Risk related 10 possible sub. optimal designs, bath in o concept design of a detalied design

Absence of standard spectfications for High Speed Rall in india for components like signaling, safety, Rolling Stock and intertace Issues

Failure to understand the project and activities associated with it by client/ contractors 0120

Risks due to fack of skilied axocutive taams with construction companies
The lack of skilled experts in consultant’s side

The lack of skilled experts on M5R technology on chent’s side

Consensus

Verdict

S0 wataned

166666657 R

Table 5.11 Ranking table for analyzed data using Monte Carlo for C3 - HDCM

Source - Author Self Made

“planed
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Fig 5. 22 Ranking Table in graphical form for C3 —~HDCM source - Author self

Made

Rank Consenus  Verdict
AttributeName
The lack of skiled experts on MSR techaology on dlient's side 007500 LOALAGET Retalned
The lack of skilled experts in comubtant's side 007475 S5AI61) Rutwiwe
Risks due to lack of siilied executive teams with construction companies 007450 67114054 Retained
Fallure to understand the project and activities awocisted with (¢ by clent/ comtractors 007425 67340057 Retuned
Alsence of standard specifications for High Speed Raiin India for components ike signalie, safety, Roling Stock and interface issues 0074 7567560 Fetalned
Risk refated to possible sub- optimal designs, both in a concapt design or a detalled design (07175 67706610 Retwnes
Failure to identify the optisal location of stations in the cities to ensure ideal multi-modal connectivity 007350 Z2021211 Rutained

Failure o identity the executive processes of the project, articubrly regarding management of nterface ameong different systoens and establish inta- .. 82536 Retiined
organizational comesanication

Restrictions on use of professional consultation and alternative designs by foreign / Indian companies, particularly related to possible comditions in the
bilateral financing arrangement.

Risks related to wuccesshul long-term operations due 1o lack of an appropriate management structure, particularly regarding separation of owneniip of oot et
Infrastructure and Operations i

007300 68493151 Retumed
Retuneg

Lack of optimum work culture (in lndla) required to construct and operate such complex large Infra projects 007250 L8805317 Retaned

Table 5. 12 Consensus table for analyzed data using Monte Carlo for
C3-HDCM

Source - Author Self Made
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Lack of optimum work culture (in India) required to construct and operate such complex large infra projects

Risk related to successful long-term operations due to lack of an appropriate management structure, particularly
regarding operation of ownership of Infrastructure and Operations

Restrictions on use of professional consultation and alternative designs by foreign/Indian companies, particularly
related to possible conditions in the bilateral financing arrangement

Failure to identify the executive processes of the project, particularly

Failure to identify the optimal location of stations in the cities to ensure ideal multi-modal

sk related to possible sub-optimal designs, both in a concept design or a detailed design

Absence of standard specifications for High-Speed Rail in India for components like Signaling, safety, Rolling Stock
and interface issues

Failure to understand the project and activities associated with it by client/contractors

Risks due to lack of skilled executive teams with construction companies

The lack of skilled experts in consultant’s side

The lack of skilled experts on HSR technology on client’s side

Fig 5. 23 Consensus Table in graphical format for C3 - HDCM

Source - Author Self Made
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AttributeName

a of d specifi for High Speed Rail in India for components like signaling, safety, Rolling Stock and Interface issues

Failure to identify the executive processes of the project, particularly regarding & of interface among different systems and establish intra-
organizational commumication

Fallure to identify the optimal location of stations in the cities to ensure ideal multh- modal connectivity
Fallure to understand the project and activities associated with it by client/ contractors
Lack of optimum wark culture (m Indis) required to comstruct and operate such complex lawge infra projects

on use of prefessional consultation and alternative designs by foreign / Indisn companies, par ly refated to ibl ditions in the bilsteral
financing arrangement.
Risk related to possible sub- optimal designs, both In a concept design or a detalied design

Rigks dwe to lack of skilled toams with )
Risks related to shul long-term operations due to lck of an appropri "1 particulaely regardi jon of hip of
hﬁmm()ptmlm

The lack of skilled experts in consultant’s side
The lack of skilied experts on HSR technology on client’s side

Table 5.13 Prominence table for C3 — HDCM source - Author Self Made
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Fig 5. 24 Prominence analysis in graphical format for C3 — HDCM source -

Author Self Made
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Rank  Consensus
AttributeName
Absence of standard specifications for Migh Speed Radl In Indla for companents like signaling, safety, Rolling Stock and Interface lssues 010600 44734234
Fallure to identify the executive processes of the project, particularty regarding management of interface among different systems and establish intra- 1BETS E8E5E210

organizational communication
Fallure to identify the optimal location of statians in the cities to ensure Ideal multh-modal connestivity 062550 -624°070

Fallure to understand the project and activities associated with it by client/ contractors 04575 25573401

Lack of optium woek culture (in India) regquired 10 comstruct mnd operate such complex lirge infen projects 1572750 5253006

Restrictions on use of peofessional consultation and alterative designs by foreign / Indian companies, particularly refated to passible conditions in the bilateral VIR 7101067
financing arangement. ~

Risk related to possible sub- optimal desige, both in a concept design or & detailed design 040628 57279344

Risks due to lack of shilled executive teams with construction companies 001450 14205238

Risks refated to successtul long:term aperations due to lack of an appropriate management structure, particularfy regarding separation of ownershipof .. 2R
Infrastructure and Operations '

The lack of stilled experts in consultant’s side <0475 55777005
The Iack of skilled axperts on HSR techmology on clieat's side <) 05000 266666667

Table 5. 14 Relation Table for C3 — HDCM source - Author Self Made
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Fig 5. 25 Relation table in graphical format for C3 — HDCM source -

Self Made
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5.2.2 Result: From the above Prominence and Relation analysis, it is observed
that the lack of skilled experts on HSR technology on client’s side has the
highest effect over all others features in this category and also receives the most
effect from all risk features in the category. Thus, from the management
perspective, this risk feature needs to be mitigated on high priority and the the
lack of skilled experts on HSR technology on client’s side and the lack of
skilled experts in consultant’s side have the highest probability of occurrence
and have to be monitored.
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5.4 C4-CTLOQC Construction, Technology, Land acquisition,

Quality,

Contract Risks: Dataset Attributes

Lack of  The failure
appropriate of Lack of
Right of Right ?E war}; Preventing Preventing advanced °{ comraclorz Lack of aptitude in Risks
an N N pl 1tation material an N
way (Lipd) acquisition "‘“.""t‘ of projectin  Lack of proper  /equipment consultants ;‘dlefquat: ' L;:l.( UT l-lsg‘.lg.:llin'glesr re‘liatled to
adchm‘;on delays due to orthe prlt:jecl the implementation including to consider capital cﬂas K ec I"é“ 'i"; elay ":
e 1‘: o‘::er inadequate ml:ﬂ::; ":':e government-  planincluding  poor quality  the project difficull?e“sf now: eaﬁ; \I::di:mllz gt;verrr;T:‘l;
recnrdpand lunsatisfactory larmersv ost owned lands  swift decisions and adequate final cost with trained sEch PP 1raffi|;
disputed cempensation forpmal bythe  tocontractors safety and construction manpower management diversions
P hi leading to isiti Department of arrangements estimate - P p Ig der- "

ownership litigation acquisition Environment at  profitand companies 00 suL:::.Ilizee; ete.

construction lossie.,

sites low bids
1 50 50 50 30 5.0 40 50 50 40 40 50
2 50 20 3.0 30 30 50 5.0 5.0 50 3.0 40
3 40 50 40 20 3.0 20 20 40 3.0 20 40
4 50 5.0 50 30 40 30 50 40 40 30 40
5 5.0 5.0 5.0 50 40 50 5.0 5.0 5.0 5.0 50
6 40 40 30 20 50 40 40 4.0 50 30 50
7 5.0 4.0 5.0 30 3.0 30 4.0 3.0 1.0 2.0 40
8 50 5.0 5.0 40 40 20 20 20 30 3.0 40
9 50 40 50 30 20 30 40 30 30 20 20
10 50 5.0 3.0 30 30 50 5.0 4.0 50 3.0 30
" 50 50 50 50 40 40 30 50 40 3.0 40
12 50 5.0 5.0 40 5.0 50 5.0 5.0 50 2.0 50
13 4.0 4.0 40 20 40 30 4.0 3.0 4.0 4.0 40
14 50 40 40 50 30 40 50 40 30 3.0 50
15 30 30 40 40 40 30 20 3.0 4.0 3.0 40
16 5.0 5.0 5.0 50 5.0 4.0 5.0 4.0 5.0 3.0 50
17 3.0 4.0 4.0 3.0 3.0 20 4.0 4.0 3.0 3.0 4.0
18 4.0 3.0 20 40 3.0 3.0 4.0 40 5.0 50 3.0
19 5.0 5.0 5.0 50 5.0 50 5.0 5.0 5.0 50 5.0
20 4.0 4.0 5.0 4.0 3.0 30 3.0 4.0 4.0 4.0 30
21 5.0 2.0 2.0 20 4.0 2.0 40 40 4.0 40 40
22 5.0 4.0 4.0 20 4.0 4.0 4.0 4.0 5.0 20 50
23 4.0 4.0 4.0 4.0 3.0 20 3.0 30 2.0 20 4.0
24 4.0 40 3.0 20 3.0 20 3.0 40 3.0 20 40
25 5.0 5.0 3.0 3.0 4.0 4.0 5.0 4.0 4.0 3.0 40
26 4.0 3.0 30 20 3.0 20 3.0 30 4.0 3.0 30
27 4.0 4.0 5.0 5.0 5.0 40 5.0 50 4.0 40 5.0
28 5.0 5.0 5.0 30 4.0 4.0 5.0 5.0 4.0 40 5.0
29 2.0 3.0 20 2.0 2.0 20 4.0 30 3.0 1.0 20
30 4.0 20 20 20 4.0 4.0 2.0 3.0 3.0 40 3.0
31 5.0 4.0 4.0 20 4.0 20 3.0 20 2.0 1.0 40
32 5.0 5.0 20 3.0 4.0 4.0 3.0 4.0 3.0 3.0 5.0
33 5.0 5.0 5.0 3.0 4.0 40 40 40 4.0 50 5.0
34 5.0 5.0 4.0 40 5.0 4.0 4.0 3.0 4.0 3.0 50
35 4.0 4.0 4.0 20 2.0 1.0 1.0 1.0 1.0 1.0 20
36 1.0 20 3.0 1.0 1.0 10 1.0 10 1.0 20 20
37 4.0 4.0 4.0 3.0 5.0 5.0 5.0 5.0 5.0 40 5.0
38 5.0 4.0 30 3.0 3.0 4.0 5.0 4.0 4.0 4.0 5.0
39 50 4.0 20 30 4.0 40 4.0 4.0 40 40 40
40 50 5.0 40 40 40 40 3.0 40 40 30 40
M 40 4.0 4.0 40 4.0 40 4.0 4.0 40 30 30
42 5.0 5.0 3.0 4.0 5.0 50 4.0 5.0 5.0 5.0 50
43 3.0 50 30 40 5.0 20 50 3.0 30 50 40
44 50 5.0 50 3.0 40 40 40 40 40 20 40

Fig 5. 26 Dataset (Actual Responses) for C4-CTLQC source - Author Self Made
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Abbreviated form of each risk feature (as in Category-1, is not done here. Full

form is used. Feature Selection & Extraction: The results of the Variance

Threshold feature selection and the Fisher Score method is as follows:

Find Constant and Non-Constant Features:

[ True True True True True True True True True True True True True]

Number of Non-Constant Features: 13

Right of way (Land) acquisition delays due to poor record and disputed ownership

Right of way (Land) acquisition delays due to il i y ion leading to litigation

Preventing implementation of the project in agricultural lands by the farmers post formal acquisition
Preventing implementation of project in the government-owned lands by the Department of Environment
Lack of proper implementation plan including swift decisions to contractors

Lack of appropriate advanced of material /equipment including poor quality and adequate safety arrangements at
construction sites

The failure of contractors and consultants to consider the project

Final cost and estimate profit and loss i.e., low bids

Lack of adequate capital/ cash flow difficulties with construction companies
Lack of technical knowledge and trained manpower
Risks related to delay in government approvals, traffic diversions etc.

Risks relate to inadequate project management, changes in design, Price variation, extra works, extension of time,
insufficient documentation etc. leading to disputes and arbitrations

in contract

Inadequate provision of Risk N poor risk allocation
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Fig 5. 27 Correlation matrix heat map for C4-CTLQC source - Author Self Made
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Fig 5. 28 Correlation matrix for C4-CTLQCsource - Author Self Made

Rlsks
refated to
dolay i
Approvely
tnffic

diversions
L3

154420

(40964



115

As per the above correlation matrix, number of most correlation features

are: 7

1. Lack of adequate capital/ cash flow difficulties with construction
companies

2. Lack of technical knowledge and trained manpower

3. Right of way (Land) acquisition delays due to inadequate /
unsatisfactory compensation leading to litigation

4. Risks relate to inadequate project management, changes in design,
Price variation, extra works, extension of time, insufficient
documentation etc. leading to disputes and arbitrations

5. Risks related to delay in government approvals, traffic diversions etc.

6. Risks related to comply with failure aspects of HSE standards, insurance
and Labour regulations

7. The failure of understand profitable portion of the project including arriving

final cost of the project

Fig 5.29 Analysis results obtained from Monte Carlo for C4-CTLQCsource

- Author Self Made
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MARKS
prediction as per
MCS)
Right of way (Land) acquisition delays due to poor record and disputed 3.1080706
ownership
Right of way (Land) acquisition delays due to inadequate /unsatisfactory 3.0306234

compensation leading to litigation

Preventing implementation of the project in agricultural lands by the farmers | 2.9444401

post formal acquisition

Preventing implementation of project in the government-owned lands 2.867475

Lack of proper implementation plan including swift decisions to contractors | 2.7935164

Lack of appropriate advanced of material /equipment including poor quality | 2.6543248

and adequate safety arrangements at construction sites

The failure of understand profitable portion of the project including arriving fi 2.620482
cost of the project 2.5330935

Lack of adequate capital/ cash flow difficulties with construction companies | 2.413249

Lack of technical knowledge and trained manpower 2.3846033
Risks related to delay in government approvals, traffic diversions etc. 2.30167
Risks relate to inadequate project management, changes in design, Price 3.7933977

variation, extra works, extension of time, insufficient documentation etc.

leading to disputes and arbitrations

Inadequate provision of Risk Management in contract document including 3.7920554

poor risk allocation

Table 5.15 Statistical analysis output of each variable for
C4-CTLQC source - Author

Result: From the above results from the Monte Carlo analysis, it is observed
that the Risks related to inadequate project management, changes in design,
Price variation, extra works, extension of time, insufficient documentation
etc. leading to disputes and arbitrations are most likely to affect the project
whereas the Risks related to delay in government approvals, traffic diversions
etc., will most likely be of least problem to the HSR project.
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Rank  Consersus  Verdict
AttributeName

Risks relate to Inadequate project management, changes In design, Price varlation, extra works, extenslon of time, Insufficlent documentation etc. leading 81460
to disputes and arbitrations

Q081380 Retsned
Rlisks related to failure to comply with HSE standards, nsurance and labour regulations 10720 0162760 Retanes

Risks related to delay in govermment approvals, trafic diversions ete. 1330 0305501 Aetanes

Lack of aptitude in using proper digital IS platforms leading to such management tools under-utiized 7560 0651042 Fetunec

Lack of technical knowledge and trained manpower 3640 130203 Seraneq

Lack of adequate capital cash flow difficultes with construction companies 1920 2604167 Aetaed

The failure of contractors and consultants to consider the project inalcost and estimate profit and loss i, low bids 0050 3208333 Feraned

Lack of appeopriate advanced of material fequipment ncluding poor quality and adequate safety arangements at construction sites 0480 10416647 Resanag
Lack of proper implementation plan including swift decisions to contractors 0240 20073121 Aetaned

Preventing implementation of project I the government-owned lands by the Department of Enviroament (120 416661 Getaned

Preventing implementation of the projectin agriculturalfands by the farmers post formal acquisition 0,060 £2.333233 etanec

Right of way (Land) acquisition delays due to inadequate /unsatisfactory compensation leading to Rtigation 0030 155666657 Retsinec

Right of way (Land) acquisition delays due 1o poor record and disputed ownershlp 0015 333333333 Reranes
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Fig 5. 30 Ranking Table in graphical form for C4-CTLQCsource - Author self

Made
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Rank Consensus  Verdict

AttributeName
Right of way (Land) acquisttion delays due to poor record and disputed ownership (1730
Rlight of way (Land) acquisition delays due to Inadequate /unsatisfictory compensation leading to litkgation 007475
Preventing Implementation of the eoject In agricultural lands by the farmers post formal acquisition (/43
Preventivg imgiementaticn of preject i the government-owned nds by the Department of Envircement 4"
ack of proper Implementation plan Including swift dacislons to contractors ()40
Lack of appropriate sdvanced of muterial /equipment including pecr quality and adequate safety arrangemests at construction sites 007275
The fallure of contractors and consultants to consider tha project final cost and estimate proft and loss e, bow bids (1715
Lack of adequate copital/ cash fow difficulties with construction companies (/722
Lack of tachnical knowledge and tralned manpower (0710
Lack of agttude n using proper digital WIS platfeems Ieading to such manapessent tools undes-wtilzed 00727
Risks rolated to delay in government approvals traffic diversions ete, ()75
Rishs related 10 failure to comply with HSE standards, insurance and labour regulations 00722

tisks relato 0 Inadequate project management, changes In design, Price varlation, extra works, extension of time, InsuMiclent documantation etc, leding o
1o ditputes and arbitrations

Table 5.16 Consensus table for analyzed data using Monte Carlo for C4-
CTLQC

Source - Author Self Made

46 bldtd!
86880632
0711008
8140067
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Retairnd
Aecainad
Retarred
Retaloed
Retyined
Retaiond
Retained
Retained
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Reained

Recained
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Consensus

Risks related to failure to comply with HSE standards, insurance and labour regulations

| Risks related to delay in government approvals, traffic diversions etc.

Lack of aptitude in using proper digital MIS platforms leading to such management tools under-utilized
Risks relate to inadequate project management, changes in design, Price variation, extra works, extension of time, insufficient

_ documentations et. Leading to disputes and arbitrations
Lack of technical knowledge and trained manpower

Lack of adequate capital/cash flow difficulties with construction companies

|
The failure of contractors and consultants to consider the project final cost and estimate profit and loss i.e., low bids
|
| Lack of appropriate advanced of material/equipment including poor quality and adequate safety arrangements at construction
| sites
- |
|
|
| Lack of proper implementation plan including swift decision to contractors
Ll
_ Preventing implantation of project in the government-owned lands by the Department of Environment
n oW [P
- o |
wioan | o . . . .
|~y — | Preventing implementation of the project in agricultural lands by the farmers post formal acqui:
e e po |
i on |
e &
m rw K | Right of way (Land) acquisition delays due to inadequate/unsatisfactory compensation leading to
|
- _ & ‘ Right of way (Land) acquisition delays due to poor record and disputed ownership
L LJ L A Ll L) _
2 8 3 8 8 8 ®

Fig 5. 31 Consensus Table in graphical format for C4 — CTLQC source -

Author Self Made
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AtributeName

Lack of appropriate advanced of materfal /equipment Incuding poor quality and adequate safety arrangements at construction sites
Lack of wptitude In using proper digital MIS platforms leading to such management tooks under-utiized

Lack of proper Implementation plan inchading swift decisions to contractors

Lack of tachnical incwledge wnd trained manpower

Preventing implementation of preject in the governmsent.owned lands by the Department of Emvironment

Preventing implementation of the project in agricultural lincs by the farmers post formal acquisition

Right of way (Land) acquisition delays due to inadequate /unsatisfactory compensation leading to Rigation

Right of way {Land) acquisition delays due to poor record and dspted ownenthip

Risks refate to inadeguate project management, changes in design, Price variation, extra wovks, extension of time, insulficient documentation ete. leading 10

disputes and arbitrations

Rinks related to delay in government approvaly, traffic diversicos etc.

Risks related to failure to comply with HSE standards, insurance and labour regulations

The failure of contracters snd consultants to consider the project final cost and extimate profit and Joss |, e, low bids

Table 5. 17 Prominence table for C4-CTLQC

Source - Author Self Made

Rank
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- -

n 4

20 +

_ Sars

i

Lach of techencal knowledge and trissed marpower i}

Omqunte Copiad) Cash Saw AETIUTAS WEN CORBITUCION COmpan e

PROpEY terrer Aaten LR i hading Sanll OmCseeds b CUntyatiny
I The QRweninert-owaed lnds by the Dapartieent of Eryronment
L repett I et uiaral lanhs By Ihve Narriers podt formal scouriion
ur o nadequite unataiactory compennaton lradeg 1o iigeton |
AN A0QUAUTEN ey Bue 20 [00F Mecorm s BiDuted arerthg
rauffionnt docamentadon et madg t CHPJN and ardtraboes
1hy related to delay i Qwerneeert approvals. traffc dveruans et

1200 COMmply with H5E SIANGMNS. Hrance 350 Mb0u! regulinens
My The propect Tl Cost and esterle prodt aed s 1 2, low by

i ]
|
3
i
{

Fig Prominence analysis for C4-CTLQC

Source - Author Self Made

190325
055378
17575
031400
391300
013425
DAY
LYM7S
00%00

151200

1543250
02

13350

Consensus

70863552
nBan
6037954
2840901
§0795234
109.008734
150447427
233556295
400 000000
64525825

64291030
89366313
13235544



MtributeName

Lack of adequate capital cash flow difficulties with corstruction companies

Lack of sppropriate advanced of materlal /equipmant including poor quality and adequate safaty arrangements st construction stes
Lack of aptitde in using proper digital MIS platforms keading to such management toels under-utilized

Lack of proper Implementation plaa inchuding swift decisions to contractors

Lack of technical knowledge and trained manpower

Preventing implementation of groject in the government-owned lusds by the Department of Emvronment

Preventing implementation of the peoject in agricultural lands by the farmers post formal acquisition

Roght of way (Land acquisition delays due to inadequate /unsatisfactory compensation eading to tigation

Right of way (Land) acquisition delays due to poor record and disputed ownenip

Rishs telate 10 Inadequate preject masagement, changes in design, Price variation, extra weeks, extension of time, insufficient documentation ete. kading to
disputes and arbitsations

Risks related to delay In government approvals, tratfic diversions etc.
Risky related to failure to comply with HSE standards, insurance and labour regulations
The failure of contractors and consultants 10 consider the project final cest and estimate profit and leds i.c, low bidi

Table 5. 18 Relation Table for C4-CTLQC

Source - Author Self Made
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Fig 5. 33 Relation table in graphical format for C4-CTLQC

Source — Author Self Made
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450818
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£30THB1
46724234
41291067
15673401

16218239
1S
266666667

6936064

£8639%
44041392
£2518878
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5.4.2 Result: From the above Prominence and Relation analysis, it is observed
that Right of way (Land) acquisition delays due to poor record and disputed
ownership has the highest effect over all others features in this category and
also receives the most effect from all risk features in the category. Thus, from
the management perspective, this risk feature needs to be mitigated on high
priority.  The risk parameters Risks relate to inadequate project
management, changes in design, Price variation, extra works, extension of
time, insufficient documentation etc., leading to disputes and arbitrations
and Inadequate provision of Risk Management in contract document
including poor risk allocation have the highest probability of occurrence and

have to be monitored.
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5.5 C5-CCHO Completion, Commissioning and Handing Over Risks:
Dataset Attributes

Risks related to inadequate repository of

Rk e ey Conmiesonng St RIS ASRAIo NS wowidis oo Pl vt gy (9o el Tnston

1 50 4.0 5.0 50

2 40 20 30 4.0

3 40 4.0 40 4.0

4 4.0 4.0 4.0 3.0

5 3.0 50 5.0 4.0

6 3.0 3.0 4.0 3.0

7 20 20 20 20

8 30 40 4.0 50

9 4.0 30 20 20

10 50 50 50 50
11 40 3.0 40 30
12 40 4.0 50 50
13 3.0 2.0 3.0 3.0
14 4.0 50 5.0 5.0
15 3.0 3.0 20 20
16 50 40 50 3.0
17 30 20 20 3.0
18 20 10 20 3.0
19 40 3.0 40 4.0
20 30 3.0 40 4.0
21 20 20 40 30
22 30 3.0 4.0 4.0
23 20 20 1.0 1.0
24 20 3.0 4.0 30
25 4.0 3.0 3.0 3.0
26 30 40 30 30
27 5.0 5.0 4.0 5.0
28 30 40 50 50
29 3.0 3.0 3.0 2.0
30 20 40 40 20
A 40 50 50 4.0
32 30 30 30 30
33 50 50 4.0 3.0
34 50 5.0 50 4.0
35 1.0 1.0 10 1.0
36 1.0 1.0 1.0 1.0
37 30 4.0 40 3.0
38 50 4.0 3.0 4.0
a9 40 40 50 40
40 3.0 20 2.0 20
M 4.0 4.0 40 40
42 50 50 50 4.0
43 20 3.0 40 50
44 40 40 4.0 4.0

Fig 5. 34 Dataset (Actual Responses) for C5-CCHO source - Author Self Made
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Abbreviated rom of each risk feature (as in Category-1, is not done here. Full
form is used. Feature Selection & Extraction: The results of the Variance

Threshold feature selection and the Fisher Score method is as follows:
Find Constant and Non-Constant Features:
[ True TrueTrue True]

Number of Non-Constant Features: 4

Aisks rrtated 2 Teiling and Comemivimrang of Ove HSE syvien. inadeguaie ciperience

Fiks relwed 1 Arad Aporreply ey

sk redated (o nadegeate repoutery of knonledpe aith the Putric Acttonty graming spprovals

Crange of Control of Toaramon Rk 08 comphenon of the propect

g g g
o E

4 B B
T g » -

Fig 5. 35 Correlation matrix heat map for C5-CCHO

e 1

Source - Author Self Made

Rishs related o Testing and ks relsted to il Risks reluted to inadequate repesitory Change of Control of

Commissioning of the HSR system. Approvels/Permits of knowbedge with the Public Autherity Transition Risk on

nadequate experience P pranting dpprovals  completion of the project

Rk related to Testing and Commissioning RN e 708447
of the SR system- inachequate maperlonce T U o

Risks related 10 final Apprevali/Permits 03970%% 1000000 0818254 0731804
Risks related 1o Inadequate repository of

knowledge with the Publlc Authority 0.1084¢ 160000 O10C
granting approvals

Change of Control of Transitien Risk ¢n AsTiNL R BRI o

‘ Imdm’ﬂxl wWiz2ig 4108 “al Al

Fig 5. 36 Correlation matrix for C5-CCHO
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As per the above correlation matrix, number of most correlation features: 3

1. Change of Control or Transition Risk on completion of the project

2. Risks related to final Approvals/Permits

3. Risks related to inadequate repository of knowledge with the Public Au
thority granting

approvals

Fig 5. 37 Analysis results obtained from Monte Carlo for C5-CCHO

Source - Author Self Made
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RISK FACTOR MARKS

Risks related to Testing and Commissioning of the HSR system- 3.7653077

inadequate experience

Risks related to final Approvals/Permits 3.8263307

Risks related to inadequate repository of knowledge with the 3.7961984
Public Authority granting approvals

Change of Control or Transition Risk on completion of the project. | 3.5751438

Table 5. 19 Statistical analysis o/p of each variable (C5-CCHO)

Source - Author Self Made
5.5.1 Result: From the results of the Monte Carlo Simulation method, after
performing the risk factor probability analysis, the MARKS as shown in the
table above signify how much probability of occurrence each of the above
features have in the Indian HSR project. From the above analysis of results, it
is observed that Risks related to final Approvals/Permits are the highest in this
category whereas the Change of Control or Transition Risk on completion of

the project has the least likelihood of occurrence.

Rank Consensus  Verdict

AttributeName
Change of Control or Transition Risk on completion of the profect (120 41668567 Retained
Risks related to inadequate repository of knowledge with the Public Authority granting approvals (060 63333333 Retaned
Risks related to final Approvals/Permits (020 160060667 Retaned
Risks related to Testing and Commissioning of the HSR system- inadequate experience 0015 333333333 Relained

Table 5. 20 Ranking table for analyzed data using Monte Carlo for C5-
CCHO

Source - Author Self Made
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o2 - Rank
210

oca

096

oc<a

Bl

a0 [

Risks refated %0 gl Approvals/Permits

Crange of Contrel of Tansion Risk an comgietion of the proct
oadtory of inowledge With the Pubic Authorty granting approvals
3 od Commszioning of the NSR system. inadequate expenence

Fig 5. 38 Ranking Table in graphical form for C5-CCHO

Source - Author Self Made

Rank Consensus  Verdict
AttributeName
Risks related to Testing and Commissioning of the HSR system inadequate experience (07500 6666696/ Retained
Risks related to final Approvals/Permits (07475 66489632 Relained
Risks related to inadequate repository of knowledge with the Public Authority granting approvals (07430 6711403 Retained
Change of Control or Transition Risk on completion of the project 007425 67340067 Retained

Table 5. 21 Consensus table for analysed data using Monte Carlo method for
C5-CCHO
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Consensus

Change of Control or Transition Risk on completion of the project

Risks related to inadequate repository of knowledge with the Public Authority granting approvals

Risks related to final Approvals/Permits

Risks related to Testing and Commissioning of the HSR system — inadequate experience

B0

. (onsensus
0 { = Consensus

A0
Ly
150

100 1
0
0

Fig 5. 39 Consensus Table in graphical format for C5-CCHO source - Author

Self Made



129

Rank - Consensus
AttributeName
Change of Control or Transition Risk on completion of the project 019425 109.006734
Risks related to Testing and Commissioning of the HSR system- Inadequate experience 0.09000 400000000
Risks related to final Approvals/Permits 010475 233556299
Risks refated to inadequate repository of knowledge with the Public Authority granting approvals 013450 150447427

Table 5. 22 Prominence table for C5-CCHO

Rank
2200 —— g —
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¥ 4

Fig 5. 40 Prominence analysis for C5-CCHO source - Author Seif Made
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Rank Consensus
AttributeName
Change of Control or Transition Risk on completion of the project  0.04575 -25673401
Risks related to Testing and Commissioning of the HSR system- inadequate experience -0.06000 266666667
Risks related to final Approvals/Permits -0.04475 99777035

Risks related to inadequate repository of knowledge with the Public Authority granting approvals -0.01450 16219239

Table 5. 23 Relation Table for C5-CCHO
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Fig 5. 41 Relation table in graphical format for C5-CCHO source - Author seif

Made

5.5.3 Result: From the above Prominence and Relation analysis, it is observed
that Risks related to Testing and Commissioning of the HSR systems-Inadequate
experience has the highest effect over all the others features in this category and
also receives the most effect from all the risk features in the category. Thus,
from the management perspective, this risk feature needs to be mitigated on
high priority. The risk Risks related to final Approvals/Permits have the highest
probability of occurrence and have to be monitored.
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5.6. C-6 RORNR - Revenue, O&M Costs, Ridership, Non fare revenue,

Replacement costs
Risk: Dataset Attributes

Reduced success Risk of
tl d Risk of
Risks in  oers o Wi cormhroa " ot lower O&M Eeeaiey Rizk in Risksof | Risks of
Comractual Risks of escalation costs at ufficient dispute in
robustress/ .'.‘:'«.“x non-fare “‘“:m':’u;‘: of the estimation "“m arention to sharing of “w"". i
enforceability to revenues like complicated project due stage and ansets liks au"r-m= e
in regard o reduced processing and to various  higher O&M rack and of stavons as among n case of
Operation fare o, wncertainty n o "::; Surd rolling stock m°°-""‘ m's" "':"m""“s.;; reduced
contracts e SCUS ng <o a e
revenves l-nmm'r‘;: eariier operation oa that ridership
1 40 590 50 50 50 50 5.0 50 30 30
2 3o 30 a0 50 30 40 50 30 30 20
3 30 20 20 20 40 40 40 20 40 30
4 40 40 30 40 50 40 40 30 30 40
s 40 50 a0 40 40 50 50 50 50 50
L] 40 40 20 20 30 40 KR 20 20 40
T 40 40 20 40 50 40 ao 40 30 30
s 30 40 3o ao 30 30 ao 30 30 20
Ll 20 40 40 20 40 40 4.0 30 29 40
10 5o £0 20 20 40 50 50 30 30 50
" 20 50 50 50 50 40 4.0 40 30 50
12 50 50 40 50 50 50 40 40 50 S0
13 20 50 ao ao 50 50 ao 30 ao 30
14 50 590 50 50 S0 50 50 S0 50 S0
15 20 30 ao 3ao 40 20 a0 30 50 40
18 50 50 40 50 50 40 40 50 30 50
17 40 50 40 40 S0 40 40 30 49 40
18 20 ca 50 a0 40 20 ao 40 240 30
19 40 40 20 50 50 50 50 40 490 40
20 io a0 40 a0 40 0 a0 a0 49 a0
21 40 40 40 40 40 40 40 49 20 20
22 50 a io 40 40 40 20 50 a0 ao
23 10 20 20 20 30 30 30 30 30 20
24 30 i0 20 20 30 40 30 20 40 30
28 40 40 30 40 40 40 40 40 a0 a0
26 40 30 30 40 30 40 30 30 30 30
7 40 40 20 40 50 40 ap 50 240 30
28 40 50 50 50 50 40 50 a0 30 50
23 30 30 30 0 30 30 20 20 290 30
30 20 50 50 40 0 40 40 40 40 20
3 50 50 50 40 50 50 40 20 40 50
a2 ao 40 30 40 NaN 40 40 30 20 40
33 40 50 40 40 50 40 20 40 30 40
34 40 50 40 30 50 40 40 50 49 40
38 10 20 10 a0 20 1.0 1.0 10 14 10
36 10 20 20 20 30 20 20 20 290 20
aa 40 50 50 40 50 40 50 40 34 30
38 a0 6.0 40 a0 50 40 a0 40 30 40
39 40 30 40 40 40 40 40 20 29 S0
40 40 ao a0 40 30 R a0 30 40 40
a 40 50 40 4.0 40 40 5.0 40 40 40
a2 50 40 30 50 a0 &0 30 a0 50 40
43 40 50 40 50 40 40 50 40 o 490
EE) 40 40 40 40 ap 4cC 40 40 40 NaN

Fig 5. 42 Dataset (Actual Responses) for C6-RORNR Source - Author

Self Made
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Abbreviated form of each risk feature (as in Category-1), is not done here. Full
form is used. Feature and Selection & Extraction: The results of the Variance

Threshold feature selection and the Fisher Score method is as follows:

Find Constant and Non-Constant Features:

[ True True True True True True True True True True]

Number of Non-Constant Features: 10
Fig 5. 43 Correlation matrix heat map for C6-RORNR source - Author self Made

Risks in Contractual robustness/ enforceability in regard to Operation contracts

Risks of inflated ridership estimates leading to reduced fare revenues
Risks of inflated non-fare revenues like advertisements etc.
Reduced success in commercial exploitation of station area real estate due to complicated processing and
uncertainty in lease/ownership rights

Time and cost escalation of the project due to various risks discussed earlier
Risk of lower O&M costs at estimation stage and higher O&M costs during operation

Risk of increased costs of replacement of capital assets like track and rolling stock then that estimated
Risk in insufficient attention to development of stations as commercial profit centers

Risks of dispute in sharing of revenues among shareholders and the SPV

Risks of refinancing or change in concession agreements in case of reduced ridership
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Fig 5.44 Correlation matrix for C6-RORNR source - Author self Made

Number of most correlation features: 5

1. Risk in insufficient attention to development of stations as commercial

profit centers

2. Risk of increased costs of replacement of capital assets like track and r

olling stock then

that estimated

3. Risk of lower O&M costs at estimation stage and higher O&M costs d

uring operation

4. Risks of refinancing or change in concession agreements in case of red

uced ridership

5. Time and cost escalation of the project due to various risks discussed e

arlier
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HotAating

Fig 5. 45 Analysis results obtained from Monte Carlo for C6 RORNR

Source - Author Self Made

MARKS
(Risk
RISK FACTOR probability-
prediction as
per MCS)
Risks in Contractual robustness/ enforceability in regard to | 3.6395779
Operation contracts
Risks of inflated ridership estimates leading to reduced fare | 3.458889
revenues
Risks of inflated non-fare revenues like advertisements etc. 3.4201596
Reduced success in commercial exploitation of station area real | 3.4073203
estate due to complicated processing and uncertainty in
lease/ownership rights
Time and cost escalation of the project due to various risks | 3.4597344

discussed earlier
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Risk of lower O&M costs at estimation stage and higher O&M | 3.0359452

costs during operation

Risk of increased costs of replacement of capital assets like track | 3.2270257

and rolling stock then that estimated

Risk in insufficient attention to development of stations as | 3.2908053

commercial profit centers

Risks of dispute in sharing of revenues among shareholders and the | 2.2824194
SPV

Risks of refinancing or change in concession agreements in case of | 3.1463702

reduced ridership

Table 5. 24 Statistical analysis output of each variable for C6 RORNR

Source - Author Self Made

5.6.1 Result: From the results of the Monte Carlo Simulation method, after
performing the risk factor probability analysis, the MARKS as shown in the
table above signify how much probability of occurrence each of the above
features have in the Indian HSR project. From the above analysis of results, it
is observed that Risks in Contractual robustness/ enforceability in regard to
Operation contracts have the highest likelihood of occurrence in this category
whereas the Risks of dispute in sharing of revenues among shareholders and the

SPV has the least likelihood of occurrence.
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Rank Consensus  Verdict
AttributeName
Risks of refinancing of change In concession agreements In case of reduced ridership 7680 0651040 Retaied
Risks of dispute In sharing of revenues among shareholders and the SPV 2840 1302083 Retamed
Risk in insufficient attention to development of stations as commercial profit centers 190 2604167 Retared
Risk of increased costs of replacement of capital assets like track and rolling stock then that estimated 1960 5208333 Retamsd
Risk of lower O&M costs at estimation stage and Nigher ORM corts duting operation (1430  114%6667 Retawed
Time and cost escalation of the project due to various risks discussed earfier 0240 21833333 Ratannd
Reduced success In commerclal exploltation of station area real estate due to compiicated processing and uncertainty In lease/ownership rights (1120 41606007 Hetamed
Risks of inflated non-fare revenues like advertisements ete. 1060 42333333 Hetared
Risks of inflated ridership estimates leading to reduced fare revenues 1030 166666667 Retared
Risks in Contractual robustness/ enforcaability in regard to Oparation contracts 1015 331333335 Retamed

Table 5. 25 Ranking table for analyzed data using Monte Carlo for C6-
RORNR
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Fig 5. 46 Ranking Table in graphical form for C6-RORNR

Source - Author Self Made
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Rank Consensus  Verdict

AttributeName

Risks of infated ridership estimates leading to reduced fure fevenues 07475

Risks of nflated non-fare revenues like advertisements etc. 007430

Reduced success in commercial exploitation of station area real estate due to complicated processing and uncertainty in lease/ownership rights (17425
Time and cost escalation of the project due to varfous risks discussed earlier 007400

Risk of lower OBM costs at estimation stage and higher O&M conts during operation 017775

Risk of imerensed costs of replacement of capital assets ke track and rolling stock then that estimated 007350

Risk n nsuficient attention o development of stations s commercalproft centers (/)5

Risks of dispute In sharing of revenues among shareholders and the SPV (070

Risks of refinancing or change In concomsion agreements in case of reduced ridenship 07275

Table 5.26 Consensus table for analyzed data using Monte Carlo for C6-
RORNR

Source - Author Self Made

6869637 Retaned
OLVTA0M Retared
61340067 Aetoned
67367568 Retared
67796610 Retained
BEOIT2YY Retard
(8259366 Retared
B403151 Retared

6728522 Retaeed
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Consensus

N Consensus

e Consensus

0

50 1

200 1

150

00

Risks of refinancing or change in concession agreements in case of reduced ridership

Risks of dispute in sharing of revenues among shareholders and the SPV/

Risk in insufficient attention to development of stations as commercial profit centre

Risk of increased costs of replacement of capital assets like track and rolling stock then that estimated

Risk of lower O&M costs at estimation stage and higher O&M costs during operation

Reduced success in commercial exploitation of station area real estate due to complicated processing and uncertainty in
lease/ownership rights

Time and cost escalation of the project due to various risks discussed earlier

Risks of inflated non-fare revenues like advertisements etc

Risks of inflated riders|

estimates leading to reduced fare revenues

Risks in Contractual robustness/enforceability in regard to Operation contracts

Fig 5. 47 Consensus Table in graphical format for C6 RORNR source - Author

Self Made



AttributeName

Reduced success in commercial exploitation of station area real estate due to complicated processing and uncertainty in lease/ownership rights
Risk in insufficient attention to development of stations as commercial profit centers

Risk of increased costs of replacement of capital assets like track and rolling stock then that estimated

Rigk of lower O&M costs at estimation stage and higher O&M costs during operation

Risks In Contractual robustness/ enforceabllity In regard to Operation contracts

Risks of dispute in sharing of revenues among shareholders and the SPV

Risks of inflated non-fare reverues like advertisements etc.

Risks of inflated ridership estimates leading to reduced fare revenues

Risks of refinancing or change In concession agreements in case of reduced ridership
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Rank  Consensus

019425 109.006734
199325 70663552
103350 73235584
055318 Ta213N
004000 400.000000
191300 647952
013450 150447427
010475 233556299

115215 69379564

Time and cost escalation of the project due to varlous risks discussed carlier (31400 E2400%01
Table 5.27 Prominence table for C6 RORNR source - Author Self Made
Rank
AttributeName

Reduced success in commercial exploitation of station area real estate due to complicated processing and uncertainty In lease/ownership rights (04375

Risk in insufficient attention to development of stations as commaercial profit centers 154675

Risk of increased costs of replacement of capital assets like track and rolling stock then that estimated 088650

Risk of lower ORM costs at estimation stage and higher O&M costs during operation 040625

Risks in Contractual robustness/ enforceability In regard to Operation contracts (05000

Risks of dispute in sharing of revenues among shareholders and the SPV 376700

Risks of inflated non-fare revenues like advertisements etc. 001450

Risks of inflated ridership estimates leading 10 reduced fare revenues 004475

Risks of refinancing or change In concession agreements in case of reduced ridership  7.50725

Time and cost escalation of the project due to various risks discussed earfier 016600

Table 5. 28 Relation Table C6 RORNR source - Author Self Made

Consensus

25672401
§5655219
62018378
STIT9M4
265 666667
S1191067

16219239
9RTTT035
-BA077481

46734234
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Fig 5. 48 Relation table in graphical format C6-RORNR source - Author self

Made

5.6.3 Result: From the above Prominence and Relation analysis, it is observed
that Risks in Contractual robustness/enforceability in regard to Operation
contracts has the highest effect over all the others features in this category and
also receives the most effect from all the risk features in the category. Thus,
from the management perspective, this risk feature needs to be mitigated on
high priority. This risk also has the highest probability of occurrence. The risk
which has the least probability of occurrence in this category is Risks of dispute
in sharing of revenues among shareholders and the SPV.

5.7 Preparation of Risk Management Model (Research

Obijective 2) adopting the Monte Carlo Simulation analysis for

all categories of risks:

The interrelationships between the specified risk dimensions within each of the
six categories and their relative probability of occurrence were investigated and
analyzed in the previous section. In this ensuing section, we will attempt to build
a Risk Management Model taking the six risk categories as a whole adopting
the process flow chart outlined earlier and as done for individual categories. The
six risk categories will be our input features in this case and the input data set is

Wership 4

 Of reduced ¢

RSO0 Agreemants in

hange in ¢
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the risk probability factor (Marks) identified for each individual risk feature by
the Monte Carlo Simulation analysis.

Correlation Comparison and distribution:

After the feature selection and extraction, we will calculate the correlation

coefficient using the formula :
Correlation Coefficient = Covariance (rank(X), rank(Y)) / (SD(rank(X))

using a different function in the software library using the ri data of all features
calculated individually earlier and SD of all the features.
PREM FFR HDCM CTLQC  CCHO RORNR
0 3756576 4005019 3223391 3.108071 3765308 3639578
1 35647517 3450192 3.010495 3030623 3.826331 3.458889
2 2523037 3421810 3040530 2944440 3795198 3.420160
3 2405954 3416651 2911512 2867475 3575144 3407320
4 2288501 3227102 2872707 2793516 1.000000 3.459734

5 2148818 3151596 2588407 2654325 1000000 3035945

Fig 5. 49 Monte Carlo Analysis Dataset

Source - Author Self Made

Feature and Selection & Extraction: The results of the Variance Threshold

feature selection and the Fisher Score method is as follows:

Find Constant and Non-Constant Features:
[ True True True True True True]

Number of Non-Constant Features: 6



CCHO Qe HDCM FFR PREM
"

RORNR

Fig 5.50 Graphical representation of Correlation Matrix

Source - Author Self Made

PREM FFR

PREM 1.000000 0.76221

L

FFR 0.762213  1.000000
HDCM 0.845253  0.746771
CTLQC 0.034600 -0.162143

CCHO 0.321023 0.64027

—

RORNR 0.743756 0.685894

HDCM

0.845253

0.746771

1.000000

-0.332752

0.743418

0.961857

CTLQC
0.034600
-0.162143
-0.332752
1.000000
0.283230

-0.491507

CCHO

0.821023

0.640271

0.743418

0.283230

1.000000

0.587947

Table 5. 29 Correlation Coefficient Matrix
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0.961857

-0.491507

0.587247

1.000000

(This provides the dependency analysis of all risk categories presented in
this study).

Source - Author Self Made

5.7.1 Result: The results of the above model, where the correlation coefficient

reflects the degree of inter-dependency between the risk categories, reveal that

the highest correlation exists between the RORNR (Revenue related risks) and

HDCM (Human resource related risks) ( 0.96) whereas the least correlation
exist between the RORNR and CTLQC (Construction related risks) ( -0.49)
stating thereby that they are virtually independent.
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PREM (Political/Environmental related risks) is highly linked to HDCM and
CCHO (Commissioning and Handing over risks) but has least affinity for
CTLQC.

FFR (Funding related risks) has a high correlation with PREM but least with
CTLQC.

CTLQC, as a risk dimension has least correlation with any other category.

CCHO is closely related to PREM and the rest too whereas RORNR has most

correlation with HDCM and significant correlation with PREM.

The relationship equations between the 6 risk categories, as derived from the
correlation matrix, are as follows:

Eq. I:
PREM = 0.76 FFR+ 0.84 HDCM + 0.034 CTLQC + 0.82 CCHO + 0.74 RORNR
Eq. 2:
FFR =0.76 PREM+ 0.74 HDCM - 0.16 CTLQC + 0.64 CCHO + 0.68 RORNR
Eq. 3:
HDCM = 0.84 PREM + 0.74 FFR- 0.33CTLQC +0.74 CCHO + 0.96 RORNR
Eq. 4:
CTLQC = 0.03PREM -0.16FFR -0.33HDCM + 0.28 CCHO - 0.49 RORNR
Eq. 5:
CCHO = 0.82 PREM + 0.64FFR + 0.74 HDCM + 0.28 CTLQC + 0.58RORNR
Egq. 6:
RORNR = 0.74 PREM + 0.68 FFR+ 0.96 HDCM - 0.49 CTLQC + 0.58 CCHO
RISK FACTOR MARKS
PREM 2.4222858
FFR 2.8833048
HDCM 3.397533
CTLQC 2.8556528
CCHO 3.0706413
RORNR 2.6592636

Table 5. 30 Predicted Data for each attribute From Monte Carlo Risk Analysis

(This provides the prediction analysis of all dimensions presented in this study).
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Here Monte-Carlo Simulation analysis results predict that the Risks related to
Human Resource, Design, Consultancy and Management risks has prediction
value 3.397533 are most likely to affect the HSR project.

The (Political, Regulatory, Environmental and Macroeconomic Risks) has
prediction value 2.4222858 which is the least among all the six categories and

is therefore likely to have the least effect over the HSR project.

Financing/ Funding risks has prediction value 2.8833048, Construction,
Technology, Land acquisition, Quality, Contract Risks has prediction value
2.8556528, Completion, Commissioning and Handing Over Risks has
prediction value 3.0706413 and Revenue, O&M Costs, Ridership, non fare

revenue, Replacement costs Risk has prediction value 2.6592636.

Thus, the Risk management Model, as generated successfully by this

research through the above analysis, consists of two parts: table 5.31 as the
Predictive Model and Table 5.30 as the Dependency Model.

Fig 5.51 Result of the Data Analysis Monte Carlo Simulation for all

Categories

Source - Author Self Made
We continue to proceed for calculation of the Prominence and Relations
parameters for the Categories of risks as a whole, as done earlier for

individual risk categories.



AttributeMame
RORMR

CCHO

CTLQC

HDCM

FFR

PREM

Rank

2.85726
495268
2.50184
1.27592
0.662956

0.35648

Consensus

10196424
20.392548
A0 785696
81.571291
163.142783

326.285565

Verdict

Retained
Retained
Retained
Retained
Retained

Retained

Table 5.31 Total effect given by each risk to other risks (ri)

Source - Author Self Made

Rank

10 1

I Rank

-

RORNR

[=] &) = o

r r J t

=] P =]

o b L
AttributeName

PREM

Fig 5. 52 Ranks of all dimension on the basis of ri

Source - Author Self Made

Based on the findings in Table 5.32, (Revenue, O&M Costs, Ridership, Non-
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fare revenue, Replacement costs Risk) has given the highest effect to other risks.

It is followed by (Completion, Commissioning and Handing over Risks),

(Construction, Technology, Land acquisition, Quality, Contract Risks), (Human

Resource, Design, Consultancy and Management risks), (Financing/ Funding

risks), and Political, Regulatory, Environmental and Macroeconomic Risks.



AttributeMNMame

FREM

FFR

HDCM

CTLOC

CCHO

RORMR

Table 5. 32 Total effect received by each risk from other risks (ci)

Rank

3.550000

2076216

2602632

2.128947

1.655263

1.181579

Consensus

28.571429
22.0432478
29175258
48.101266
62.295082

88.372093

Source - Author Self Made

Consensus

WVWerdict

Retained

Retained

Retained

Retained

Retained

Retained

BN Consensus
—— Consensus

50_ . I
o 1 —— I -

RORMR

CCHO

CTLOC

HDCM FFR

AttributeMame

PREM

Fig 5. 53 Ranks of all dimension on the basis of ci

Source - Author Self Made
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In terms of ci, (Political, Regulatory, Environmental and Macroeconomic Risks)

has received the highest effect from other risks. Risk dimensions, (Financing/

Funding risks), (Human Resource, Design, Consultancy and Management

risks), (Construction, Technology, Land acquisition, Quality, Contract Risks),(

Completion, Commissioning and Handing Over Risks), and (Revenue, O&M

Costs, Ridership, Non-fare revenue, Replacement costs Risk) stand in other

ranks after (Political, Regulatory, Environmental and Macroeconomic Risks ),

respectively in the prominence list.
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Rank Consensus
AttributeMName
HDCM 3.878552 120.746649
CCHO 5.608943 82.687930
CTLOC 4630787 88.886961
FFR 3.739276 1926.186261
PREM 29054230 254.8556994

RORMR 11.038939 98.568517

Table 5. 33 Prominence (ri+ci)

Source - Author Self Made

Rank

m Rank
10

8

6 -

41

| I I

o 4

o
e
e

HDCM
CCHO
Crac
PREM
RORNR

B

tributeName

Fig 5. 54 Ranks of all dimension on the basis of Prominence (ri+ci)

Source - Author Self Made

In terms of Prominence, (Revenue, O&M Costs, Ridership, Non fare revenue,
Replacement costs Risk) this factor has the highest total effect. (Completion,
Commissioning and Handing Over Risks), (Construction, Technology, Land
acquisition, Quality, Contract Risks), (Political, Regulatory, Environmental and
Macroeconomic Risks), (Human Resource, Design, Consultancy and
Management risks) , and Financing/ Funding risks stand in other ranks after
(Revenue, O&M Costs, Ridership, Non fare revenue, Replacement costs Risk)

, respectively in the prominence list.
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Rank Consensus
AttributeName
HDCM -1.3226712 42.396134
CCHO 3.298417 -41.902234
CTLQC 0.3272893 -7.315570
FFR -2.412356 130.099304
PREM -3.19325320 297.714137

RORMR 8.675/787 -f8.175669

Table 5. 34 Relation (ri—ci)

Source - Author Self Made

Rank

BN Rank

| — l
' ]
-2 . .

PREM

FFR -
HDCM

3 cnac

CCHO 4

RORNR 4

AttributeNa

Fig 5. 55 Ranks of all dimension on the basis of Prominence (ri—ci)

Source - Author Self Made

Based on the findings in above Table 5.36 (Revenue, O&M Costs, Ridership,
Non fare revenue, Replacement costs Risk) has the highest relational value and
have great impact on the system. It is followed by (Completion, Commissioning
and Handing Over Risks), (Construction, Technology, Land acquisition,
Quality, Contract Risks), (Human Resource, Design, Consultancy and
Management risks), and Financing/ Funding risks stand in other ranks after
(Revenue, O&M Costs, Ridership, Non fare revenue, Replacement costs Risk)
and the lowest factor in the relation category is (Political, Regulatory,

Environmental and Macroeconomic Risks).
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CHAPTER-6

CONCLUSION

In order to reduce the risk of HSR in India being interrupted, it is critical to
identify the main risks. Risks seldom arise on their own; rather, the occurrence
of one risk may lead to the emergence of another. This research has highlighted
the interdependencies and relationships of various risks in the Indian HSR for
the first time, and has also shed light on which risks should be prioritized in
order to reduce the likelihood of others. Risk mitigation strategies that focus on

the interconnected dangers may be developed using this analysis and results.

Analytical results and how they are perceived depend on whether risk analysis
perspective is used, which might be proactive or reactive. Risks that have the
potential to transfer from one threat to another over the long term are prioritized
in a proactive approach because of the greater damage they may do. Reactive
risk management tries to reduce the damage of potential threats and speed an
organization's recovery from them, but assumes that those threats will happen
eventually. Proactive risk management identifies threats and aims to prevent
those events from ever happening in the first place. Proactive approaches take
into consideration the system's net causers in order to predict its future state
(i.e., Relation) with a focus on current system state rather than the potential
problems that may arise. It focuses on coping with current and immediate
threats. (i.e., Prominence). A reactive approach focuses on correcting existing
system failures while minimizing the potential for new ones that may arise as a

result of current risks.
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The Monte Carlo simulation enables us to examine all possible outcomes of our
decisions and to estimate their risk impact, enabling us to make more informed

decisions in the face of uncertainty.

The resilient paradigm begins with a characterization of the risks associated
with the infrastructure and the services that operate on it, taking into account
each risk’s occurrence, vulnerability, and exposure. From the risk formulation,
the development of the resilient paradigm necessitates an in-depth examination
of the relationship between risks and events and, consequently, the possibility
of mitigating the effects through action on the various components and

restoration of the state prior to the event.

The resilient paradigm must be examined both in terms of the infrastructure
itself and the economic role it plays in integrating restarts, which traditional
infrastructures frequently fail to do. Additionally, the resilient paradigm must
be built in terms of operation, by examining all components that are at risk, both
for safety and security, as well as for the regularity of the traffic control service.
Regularity requires investigation since it is badly harmed by heterotactic
regimes created by the intermixture of high-speed passenger trains and heavy

freight trains, as well as intercity and regional trains.

In this research, out of the 60 risk dimensions that were identified from
secondary data as a result of extensive literature review, primary data was
collected in the form of responses from experts in the field of High-Speed
Railways. After an incisive analytical process using the Mote Carlo Simulation
method, prominent risks are identified and interesting conclusions have
emerged regarding their influence/relationships with other risk factors. Chapter

5 deals with these conclusions in detail. A summarized version is as below:

The top 10 risks (of the 55 risks identified) that have the most likelihood of
occurrence are:

1. Risks related to decline in stakeholder support (Sovereign- at the Central
government level)
2. Risks related to decline in stakeholder support (Sub-Sovereign- a

regional or local government body)
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3. Risks related to arrangement of finances from foreign Multilateral/
Bilateral conditional/ tied loans

4. The lack of skilled experts on HSR technology on client’s side

5. Right of way (Land) acquisition delays due to poor record and disputed
ownership

6. Risks relate to inadequate project management, changes in design, Price
variation, extra works, extension of time, insufficient documentation etc.
leading to disputes and arbitrations

7. Inadequate provision of Risk Management in contract document
including poor risk allocation

8. Risks related to final Approvals/Permits

9. Risks related to inadequate repository of knowledge with the Public
Authority granting approvals

10. Risks in Contractual robustness/ enforceability in regard to Operation
contracts

In this research, an attempt has been made to create a Risk management

Model for the new High Speed Rail project in India. The same has been
created in 2 parts: table 5.31 as the Predictive Model and Table 5.30 as the

Dependency Model.

Table 5.35 Correlation Coefficient Matrix

PREM FFR HDCM CTLQC CCHO RORNR
PREM 1.000000 0.762213 0.845253 0.034600 0.821023 0.743756
FFR 0.762213 1.000000 0746771 -0.162143 0.640271 0.685894

HDCM 0.845253  0.746771 1.000000 -0.332752 0.743418  0.951857
CTLQC 0.034600 -0.162143 -0.332752 1.000000 0.283230 -0.491507
CCHO 0821023 0.640271 0.743418 0.283230 1.000000 0587247

RORMNR 0.743756 0.685894 0.961857 -0.491507 0.587947 1.000000

This provides the dependency analysis of all risk categories presented in
this study.
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The results of the above model, where the correlation coefficient reflects the
degree of inter-dependency between the risk categories, reveal that the highest
correlation exists between the RORNR (Revenue related risks) and HDCM
(Human resource related risks) (0.96) whereas the least correlation exist
between the RORNR and CTLQC (Construction related risks) ( -0.49) stating
thereby that they are virtually independent.

PREM (Political/Environmental related risks) is highly linked to HDCM and
CCHO (Commissioning and Handing over risks) but has least affinity for
CTLQC.

FFR (Funding related risks) has a high correlation with PREM but least with
CTLQC.

CTLQC, as a risk dimension has least correlation with any other category.
CCHO is closely related to PREM and the other categories also whereas
RORNR has most correlation with HDCM and significant correlation with
PREM.

Table 5. 36 Prediction Data for each attribute from Monte Carlo Risk Analysis

RISK FACTOR MARKS
PREM 2.4222858
FFR 2.8833048
HDCM 3.397533
CTLQC 2.8556528
CCHO 3.0706413
RORNR 2.6592636

This provides the prediction analysis of all dimensions presented in this

study.

Here Monte-Carlo Simulation analysis results predict that the Risks related to
Human Resource, Design, Consultancy and Management risks have a

prediction value 3.397533 and are most likely to affect the HSR project.
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The Political, Regulatory, Environmental and Macroeconomic Risks have
prediction value 2.4222858 which is the least among all the six categories and

are therefore likely to have the least effect over the HSR project.

Financing/ Funding risks have a prediction value 2.8833048, Construction,
Technology, Land acquisition, Quality, Contract Risks have prediction value
2.8556528, Completion, Commissioning and Handing Over Risks have a
prediction value 3.0706413 and Revenue, O&M Costs, Ridership, Non-fare

revenue, Replacement costs Risks have a prediction value 2.6592636.

Based on the findings, the factor of the Revenue, O&M Costs, Ridership, Non-
fare revenue, Replacement costs Risks lie at first position of Relation list. In
other words, in the risk factor has highest impact on the system compared to
others in-particular the Political, Regulatory, Environmental and
Macroeconomic Risks have received the highest effect from other risks (ci
value). It implies, when Revenue, O&M Costs, Ridership, non-fare revenue,
Replacement costs Risk arise, it might result in adding numerous risks in the
system. It may impact other risks since it has the greatest Relation value,
whereas Political, Regulatory, Environmental and Macroeconomic Risks can be

influenced by other owing to high ci value.

It indicates that Political, Regulatory, Environmental and Macroeconomic
Risks have the capacity to produce other associated risk in near future. There
must be a greater emphasis on mitigation of Political, Regulatory,
Environmental, and Macroeconomic Risks than mitigation of these dangers as

a response to an incident.

A risk analysis can't be complete if it only takes into account one factor, such
as Relation or Prominence, and it needs to take into account a variety of other
factors, such as causers and recipients. Net causers and causers are distinct from

net receivers, and vice versa.

This study can be generalized for High-Speed railway projects in a developing
nation where the economic, political and social ecosystem and environment is
similar to that in India. For example, if a country like Sri Lanka, Bangladesh or

Pakistan (our neighbors in South East Asia) wish to implement a similar project,
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the analysis can help them in highlighting the risks that have to be prominently
managed. However, the results of this study have a good potential to provide a
framework of prominent risks and their inter-relationships with each other and
can serve as a good guide for the risk mitigation efforts of the project authorities.

Way forward: The study has attempted to go into great detail in the philosophy,
technology, management and background contexts of most the HSR systems in
the world. Some linkages and prominences between possible risk categories and
features have been successfully established, which were not done earlier. It will
be a good idea to study how well these results compare with those in advanced

countries where the HSR systems are already in operation.

**k*
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