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Abstract: Shimla, a hill town, has emerged as a major
tourist destination in the last decade. The city is facing
major breakdown in its transportation system due to high
inflow of floating population. Conjunction in core city
area along its major spine and connectivity between old
and new transit terminals are the most intense transport
related problems of the city. This research aims at finding
out alternative routes and modes to overcome these issues.
It is an attempt to explore the impact of multimodal
network in this hill town. First half of research deals
with identification of new routes by using multi criteria
analysis whereas second half identifies the preferred
mode choice for public transport through people choice
survey. Integrated results related to route feasibility and
mode choice indicate huge saving in terms of travel time,
transport energy and GHG emissions.

Keywords: Energy usage, Hilly region, Mode -choice,
Transport system.

I. INTRODUCTION

Shimla is a well-known tourist destination in northern region
of India. Pleasant weather conditions, immense natural
beauty and rich cultural heritage have attracted tourists from
across the world in recent years. Being the capital town of
Himachal Pradesh the city is playing multiple roles ranging
from administrative, recreational, educational and commercial
(Shekhar, 2011). Nearly 15000 tourists visit the city during
peak tourist seasons (TCP, 2014) as per the latest survey.
This huge inflow of tourists is posing immense pressure on
its transport system. In order to cater huge floating population
and continuous growth there is an urgent need of implementing
sustainable modes and alternate routes in inner city transport
network. In Shimla only 20% trips are by bus and 55% are on
foot (TCP, 2014), thus there is a huge scope of integration of
movement pattern through new routes and feasible alternative

modes. It is important to implement context based development
strategies in achieving decisive sustainable development which
responds to the existing settlement pattern (Hickman, 2007).
In hill towns, due to their topography transport network acts as
the life line of the city and its urban form revolves around it.
Henceforth, it acts as the most critical element for sustainable
development. As per government of India, urban mobility
is defined as one of the core of sustainable solutions (MUD,
2015). This research aims at finding out a multimodal network
for Shimla that takes into account both the people choice and
environmental aspects on a uniform basis. The research also
focuses on the psychology of the transport users who are now
perceived as active agents in planning of the transport system.
In today’s world the role of personal choice in decision to use
public transportation is very crucial for sustainable development
(Bamberg, 2007). Transport policy measures are relatively more
successful if capabilities and perceived constraints of users are
taken into account (Gehlert 2013). The focus of this research is
to enhance city image, traveling experience and travel quality
through introduction of latest means of travel modes and
multimodal network in hill town. Scope of introducing new
transit modes and corridors in Shimla city will help in creating
sustainable urban form. Existing city conditions of Shimla give
an opportunity to frame the guidelines for a future urban form
guided by sustainable multimodal transport. It is an investigation
that reveals the choices to be made for public transport in hill
towns toward energy, environmental and economic perspective.
Research finally demonstrates the significance of mixed
mobility pattern in public transport to generate sustainable and
energy efficient urban form in hill towns.

II. LiTERATURE REVIEW

Relationship between transport system and mode choice has
been studied under different heads by the researchers in the past.
According to Gibson (1997) the urban movement system along
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with its qualities (both mode and route design) and the other
demands of city is a measure of urban sustainability. Ewing and
Cervero (2001) derived that explanatory and control variables
are often measured on richer ratio measurement giving these
variables a predictive edge in statistical analyses over the
land-use and design variables. Cervero (2002) concluded that
built environment has three core dimensions namely density,
diversity and design. Travel-related choices, to a great extent,
depend on perceived qualities (Targa, 2004). Kenworthy (2006)
anticipated an array of travel alternatives focused on walking
and public transport for smart and sustainable development.
Another important aspect of sustainable mobility is travel
behaviour. Mode choice is usually treated as rational choices
to maximize personal utility or net benefit (Small, et al., 2005).
Many past studies on the travel behavior have expressed the
influences of generalized costs on mode choice. Few researchers
have even included safety, prestige and autonomy (Curtis,
2006) as factors on mode choice in their respective research.
As an alternative approach, sustainable mobility should focus
on social dimensions, accessibility and people (Banister,
2008). Such interventions should have local scale and vision
for cities. Witte (2013) has defined model choice as a decision
process between different alternatives, determined by socio-
demographic, spatial and socio-psychological factors. Analysis
showed that perceptional variables are rarely studied for travel
behavior whereas socio demographic variables are studied
by large number of researchers giving an edge to later ones.
Environmental variables are important predictors of walking
for transport network (Saelens, 2009). Sustainability, in Indian
context, needs to be evaluated from place to place bases.
Studies in India advocated the role of multi modal transport
system for sustainable development (Reddy er al, 2000;
Satmohini et al, 2001). For sustainable development in hill
areas (Nesamani, 2003) promotion of public transport is a must.
Chattopadhyay (2008) suggests that multi-modal urban region
may provide some solution with the help of transport, which
should be environmentally sustainable. Das (2014) suggested
implementation of public transport through cable car, Sky Bus,
Mono Rail as Light Mass Rapid Transit System in hill towns of
India. In recent years public transportation modes (ropeways
and funicular railway) have emerged as preferred choice of
travel (Hoffmann, 2006; 2009) within hill regions. Enormous
reduction in energy consumption and green house gas emission
can be achieved by introducing alternative feasible modes over
car and bus in hill areas. From literature appraisal variables can
be categorized as socio-demographic variables (gender, age,
income and educational status), design variables (imageability,
legibility, context and environment) and psycho-social
variables (safety, easement, travel time and social interaction).
Along with other variables role of regional geography and
energy consumption play a vital role in achieving sustainable
development. Although there is a broader literature related to
urban form and travel behaviour, limited works are related to
hill towns. Due to very limited empirical work, particularly
in case of hill towns, this research acts as the starting point in
this direction. A wide and comprehensive study on available

literature helped in identifying the variables and understanding
their impact. Present research is based upon understanding and
response of city resident’s on variables like safety, imagebility,
legibility, quality of travel, speed, environment, climate and
social interaction towards multimodal system.

III. RESEARCH METHODS AND TECHNIQUES

Clifton et al., 2001, augmented that without recognition of the
qualitative research techniques in travel behaviour research,
we will make little meaningful progress towards improving
our fundamental understanding of travel behavior. Doing
qualitative research is more challenging than the quantitative
transportation research. The nature of qualitative research
raises several issues concerning theoretical framework,
data collection, and analysis. This research tries to include
more qualitative aspects in the analysis for predicting mode
choice. As per government of India one way to understand
the scope of developing new infrastructure is to do feasibility
studies (MEF, 2010; DOT, 2015). Some of the methods like
Environment Impact Assessment (EIA), cost assessment and
Cost-Effectiveness Analysis (CEA) are used for feasibility
analysis and revealed from literature are Environment and
Social Impact Assessment (ESIA) and cost assessment, Multi
Criteria Analysis (MCA). Most of these research approaches
for route feasibility usually move around cost analysis. These
instruments have their utility but they fail to incorporate the
points of view of the users and restrict the analysis to specific
criteria for monetary values (Macharis, 2012). According to
Tsamboulas (1999) these approaches are less effective in the
context of sustainability as several objectives are difficult
to quantify and certainly in terms of monetary values (e.g.,
quality of public transport, value of city image, comfort
and ease of usage etc.). Some researchers advocated that
the appraisals of large transport projects can be effectively
supported using a combination of CBA and MCA (Barfod et
al., 2011). Macharis (2010) used Multi-Criteria Analysis as a
methodology to evaluate different policy measures in terms
of mobility. Although a full CBA takes into account demand
forecasts and the social benefits of travel time savings but fails
to calculate number of factors like impact of heat island effect,
imagebility of city, spillover effects due to environmental loss,
climatic change (excessive heat waves, cloud burst), change in
temperature forcing city dwellers to have pay more for comfort
living and unaccounted loss caused due to natural incidents.
Development of sustainable transport in hill regions starts with
the basic understanding regarding geography, climate, culture
and economic conditions. While considering public transport
projects for successful and sustainable model it is important
to involve users and consider their viewpoint. Methods and
techniques for such research ranges from field studies, case
studies (Kengpol et al, 2012), survey (Kuppam et al., 1999)
and user studies through informative techniques. Few of the
tested approaches like visual analysis (Winston et al., 2004)
and people perception survey were also employed in the past to
reveal the users perception towards mode choice.
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IV. METHODOLOGY

Researchers in the past have used the survey and case study
to carry out the research related to mode choice and similar
approaches have been applied in present study. From literature
it is evident that in mode choice analysis, generally used
techniques are multi-criteria analysis, correlation, multi nominal
logit regression, probit analysis, delphi method, weighted
average and chi-square test. Review also indicates that multi-
criteria analysis and delphi analysis are among few preferred
research tools to identify the relationship. An important
advantage of multi-criteria analysis is that it supports the final
decision by inclusion of different points of concerns leading
to a general prioritization of the proposed policy measures.
As the research concentrates on the multimodal network, it
was essential to do the route feasibility while considering
permutation and combination with different modes. In present
context research framework is organized in three phases due
to diverse objectives. In first phase case study method has
been used to identify latest modes that are in use for public
transportation in hill areas. For comparing different modes,
aspects like carrying over all capacity, speed and unit design
were considered. Phase two was carried out by analyzing
secondary data collected through observation, mapping and field
survey for multimodal network through multi criteria analysis.
For identification of alternative routes and appropriate mode
combinations, study of site and different aspects related to
mode played most critical role. Appraisal of study area helped
in extracting the possible route options and framing the image
of city in the mind of respondent for mode choice questioner.
For route selection different aspects like demographics, land
use, visual qualities, ecological and climatic settings were
considered. Data related to land use, demographic profile,
mode choice and trip length were sorted out by means of
field survey and available secondary data at city level.
Different maps related to study area were drawn as part of
analysis carried out to find the possible alternative routes
between main transit nodes in Shimla core area. Desirability
function has been used in the present study to determine the
optimum parameters to achieve optimized values of route
and mode combination. The values of the variables with
maximum total desirability were considered to be the optimal
route condition. According to Sayers, (2003) this analysis
method has the merit of allowing an appropriate degree of
both consistency and flexibility with respect to the relative
weights of the various criteria. It opened the way to a more
flexible, transparent and user-friendly method of choosing
and ranking transport route options. For the last objective
related to mode choice in hill regions, survey is conducted and
analyzed using chi square test. For successful public transport
model it is important to involve users and consider their point of
view. Results of the research are incorporated in terms of travel
time, energy consumption and GHG emissions on the identified
combination of desirable route and mode choice.

V. ALTERNATIVE TRANSPORT MODES ON HILLS

Alternative public transport modes were identified from case
studies which suggest that there are basically four alternatives
for public transport in hill areas namely ropeways, funicular
rail, escalators, and inclined lift. These modes are operational
all over world and suit the study area for multimodal movement
network. According to NUTP, 2014, various modes which can
be adopted by Hill cities are cable car systems, funicular rails
and inclined elevators (MUD, 2014). Ropeways are rational
choice in many cases as they can follow shortest way where
buses or trams would have to make long detour (Bergerhof,
2013). These modes were considered for public transportation
in hill areas as an alternate to bus in present research. Important
criterion for adopting a transport system is its efficiency and
impact on the environment and city functions. The attributes for
transport modes ranges from capacity, speed, efficiency, quality
to energy use and GHG emissions. Further it was observed that
there is a relation between these attributes of identified modes
of transportation. The carrying capacity of lifts with common
specifications and having load of 8 persons with a travelling
speed of 1.6 m/s. is estimated to be less than 500 passengers
per hour in each direction for a 25-metre rise (COD, 2006). The
carrying capacity of escalators varies from 4500 to over 13,000
passengers per hour according to their width and travelling speed
(between 0.5 and 0.75 metres/second). The modern funiculars
operate at relatively high speeds up to 6 m/s in Asturias. Their
carrying capacity ranges from 1300 pph to 8000 pph depending
on the size of the vehicle, its speed and the gradient. The capacity
of car can be up to 400 passengers and move up to a speed of
14 m/s (Niksic, 2010).The ropeways operate at relatively high
speed ranging from 5 m/s to 12 m/s. Their carrying capacity
ranges from 2400 pph to 4200 pph depending on the size of
the car and its speed. Modern installations carry up to 5,000
passengers per hour along one direction.

V1. APPRAISAL OF STUDY AREA AND ITS FEATURE

Shimla is the capital city of Himachal Pradesh, India. Hill
town of Shimla is composed around seven small hills with
core area around Bantony hill (Sooden, 2007). Main movement
axis of city is in east west direction along its ridge line. Due
to partial accessibility (mainly pedestrian traffic) Chandigarh -
Shimla- kaurick NH 22 (Cart road) acts as lifeline of the city.
In order to establish the relationship between route feasibility,
travel mode choice and travel energy pattern in hill towns,
study areca was confined to core area of Shimla town. Core
area can be distinguished as main commercial, recreational
and administrative zone. As the main spine NH 22 (Cart road)
crosses the city core, maximum problems related to traffic are
faced on the same corridor. The multifunctional activities in
the core area are putting heavy stress and congestion all along
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this stretch. As per landuse pattern 60% of the land is occupied
by forest, 20% is used for agriculture, 4% is used for traffic

and transportation, 9% is used for residential purposes and
remaining 7% is used for other activities (MUD, 2013).

II' Transit nodes
E Ridge Points
EI Railways
E Main Connectors

To Chandigarh

NORTH

Fig. 1: Map of Transit Nodes - Shimla

Present city population is 1.7 million with an additional
floating population of nearly 2.5 million (Shaker, 2014).
The major land-uses are located on the southern face of

Shimla due to gradual slopes and sunny side. Here usual
slopes are above 30° and some areas are having 60°

slopes also.

Fig. 2: Land Use Map of Precinct

The major tourist attractions in Shimla include The Ridge, The
Mall, Jakhoo Temple, Sankat Mochan Temple, State Museum,
Prospect Hill and Chadwick Fall (KPMG, 2012). Fig. 1 shows

the main transit nodes within city limits. From the land use and
demographic pattern of town shown in Fig. 2 it is evident that
concentration of activities is mainly along the main corridors
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whereas density is high in core area. From the Fig. 2 it is also
clear that old transit terminal acts as the city core whereas new
transit terminal lacks the context for active transit node. Shimla
is one of the most popular hill station and tourist destinations in
India and accounts for almost a quarter of all tourists arriving
in Himachal. The immense natural and climatic diversity of
Shimla has attracted both domestic and international tourists.
About 30 million tourists visited Shimla in the year 2013 with
maximum visitors up to 15000 per day in month of May and
about 5% of them constituted foreign tourists. The average stay
was about 1.35 days (TCP, 2014).

VII. TRANSPORTATION SCENARIO IN SHIMLA

Shimla allows both horizontal as well as vertical movement
to city dwellers. Horizontal movement is primarily by arterial
roads and vertical mobility options are lifts (between Mall
road and NH 22) and pathways / staircases connecting various
streets. As per latest survey conducted by Town & Country
Planning Department 20% persons use buses as mode of
transport, 25% use their own private vehicles and 55% move
to Shimla Town on foot (TCP, 2014). With the present traffic
scenario city faces lot of traffic problems due to lack of space
and increased population. With major roads overloaded beyond

their capacity, on-street parking causing congestion and
increasing floating population demand major interventions in
transportation system of city (MCS, 2011). Among observed
problems related to traffic and transport system latest city
development plan has tried to resolve the issues by introducing
more buses, elevator and parking lots. But the major issue of
connecting major transit nodes has not been dealt at any level.
This research finally narrows down to this area while taking
into consideration the role of multimodal movement pattern.
Public transport being the predominant mode of travel (MUD,
2008) with an average trip length of 3 km per person gives an
opportunity to introduce alternative modes and routes in city
using multimodal system.

VIII. ALTERNATIVE ROUTES FOR MULTIMODAL
TRANSPORT NETWORK

Alternative routes were considered in a way so that they will
influence the existing fabric to a very limited extent. In total
five such options shown in Fig. 3 were finalized. Route 1 is the
existing connector between old and new bus terminal where bus
is operational. Route 2 is moving along the residential area of
Lalpani and joins the by-pass road (NH- 5) and finally meets the
new transit terminal.

e, Proposed Route

Existing Route
. Transit nodes

NORTH

0 50 100 150 200 2503

Victory tunnel

el 3
s ‘
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% N

Fig. 3: Alternative Routes for Multimodal Network

Route 3 acts as a direct connector between main cart road and
by-pass road (NH- 5) through green area by ropeway. Route
4 starts from the major traffic junction i.e. victory tunnel and
moves along Phagli residential zone to meet the by-pass road
(NH- 5). Route 5 was demarcated along existing railway line
from old ISBT till tunnel-103 and further connected to main
transit terminal from Tutikandi residential zone. These routes
are partially along the already developed road network, hence
allowing limited intervention / destruction. Challenges related
to engineering complexities (slope, land required, connectivity)
and environmental impacts (green cover, land stability, visual
impact) were considered for identifying alternate routes.

IX. MuLti CRITERIA ANALYSIS FOR MULTIMODAL
TRANSPORT NETWORK

Multi-criteria analysis was used in the research so as to take
account of environmental and social concerns. Travel is
considered as a valued activity as well as a derived demand,
quality of travel, travel time, integration of people, and level
of associability play important role in achieving sustainable
mobility. Henceforth a multi-criteria problem was dealt with
multi criteria analysis. Table I shows some of the criteria
requisite for determining the suitability of multimodal
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network in a city. This MCA of different available options
is a key point for decision making because a specific / cost
effective combination that addresses some criteria might
not reach the target for another one. Such approaches create
an environment friendly transport system and activity places
accessible within rational time (Chattopadhyay, 2008). These
criteria possess different attributes as listed in the table
below.

TABLE I: CRITERIA FOR MULTI-CRITERIA ANALYSIS

X. DESIRABILITY ANALYSIS

Contextual and precinct level study and analysis were used to
identify new corridors between old and new transit terminals. In
this study, ten different responses for the routes (variables)
were given specific importance. Attributes like population,
slope, width, distance, adjoining roads, time and major activities
were derived from literature study. Analysis has been done by
considering five corridors (one existing corridor and four new
proposed corridors) along with five set of multimodal modes.
Combinations of modes are referred as EB, EF, RB, RF and R

Sr. Criteria Attributes where E represents Escalator, B represents Bus, F represents
No. . . R
. - funicular railway and R represents ropeway. Optimization of
1 Population gnd Population, Age and route was done by means of factorial analysis. From analysis
demographic character Gender of available data combination of 25 permutations were
2 | Travel to and from the Distribution among generated in total. Out of these 14 permutations only 8 values
concerned area modes were considered in desirability chart. For analysis purpose all
3 | Concentration of pedestrian | Adjoining paths and responses were given same importance level. Fig. 4 shows the
streams functions route 1 and route 5 having good desirability level and route
4 | Public transport alternative | Existing options 5 shown in blue has various combinations such as SRF i.e.
(Site study) combination of ropeway and funicular, SRB i.e. combination of
5 | Town-planning of areas and | Land use and building ropeway and bus along route 3.
activity use Fig. 4: Shows the Route 1 and Route 5 having Good Desirability
6 | Topographic features Slope and green cover Level.
¥ Vlctory tunnel +-OLD TRANSIT
9 [ ! L - RI
2 <~ Chaura Pdéidan
= ROUTE 1(Ex15fng) M'l. ‘NH -22 F
| LIty ot g
|MCA Quarters i ﬁ"ﬁ;;ﬁ(ﬁg " “*% m”“—l_&! :
-.Q’*:‘.’.' 7 ’cﬂ '\PJ\H 22""?.‘ ”, 3 2
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ngnsn termunal Tutl kandl .. el b~
Exlstmgmu!és o REn | ’
[===3Proposed Foles 'FI}‘EE;QI\;I‘:—&AA"[JQI ":'.‘; hale g :
»¥
Fig. 4: Existing and Proposed Routes for Desirability Analysis
TABLE II: DESIRABILITY ANALYSIS OF ROUTES ALONG WITH THEIR ATTRIBUTES
Number | Route | Dis- | Stops| Time | Green | Infra- Ad | Activi-| Stop |Popula-| Energy | Carbon | Desir-
tance Belt | structure | Roads | ties Time | tion Emission | ability
1 SRF 2.4 4 5.76 200 1800 6 6 6 30470 | 0.376 11.28 0.685
2 5RB 2.4 4 7.34 200 800 6 6 6 30470 | 0.308 62.11 0.674
3 SF 2.4 5 5.76 200 5200 6 6 7.5 | 30470 | 0.432 12.96 0.641
4 SFB 2.4 5 7.34 200 4200 6 6 7.5 | 30470 | 0.364 63.79 0.637
5 5EF 2.4 5 19.63 | 200 3800 6 6 7.5 | 30470 | 0.46 13.8 0.631
6 S5RE 24 4 39.38 | 200 7600 6 6 30470 | 0.444 13.32 0.531
7 IRB 4.5 4 13.4 00 800 8 6 31725 | 0.562 | 103.94 | 0.001
8 1FB 4.5 5 13.4 00 1000 8 6 7.5 | 31725 | 0.698 | 108.02 | 0.001

E (Escalator), B (Bus), F (Funicular railway), R (Ropeway), 1 (Existing), 2, 3, 4, 5, (Options) for Routes
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Design-Expert 7.1 was used for optimization as it has a
mathematical multiple response optimization option and
was helpful in determining a set of conditions that is a
compromise to all the defined goals. Goals and limits were
chosen individually for each response in order to determine
their impact on the desirability. A minimum level was
provided as a goal for each response characteristic which
was to be optimized. In Table II desirability level has been
calculated by using full factor analysis. Concise description
of different attributes used in desirability analysis is as follow.
Distance has been calculated as per the route concerned, green
belt refers to total length that falls under preserved forest along
particular corridor, infrastructure refers to new land area that
one needs to develop by calculating distance and width (for
ropeways only tower installation area has been considered),
additional roads refer to major adjoining corridor and population
has been calculated by considering 250 m walking distance on
either side of path along residential zones. For estimating the
overall energy consumption by different alternatives and modes
attributes (speed, energy consumption and CO, emissions)
were derived from available research work. For bus diesel was
considered as fuel and energy resource, whereas hydro electricity
was considered for operation of remaining modes. Average
speed of ropeways is 25 km/h (Hoffman) and they consume
0.1 kWh per passenger-kilometer (Doppelmayr), hence CO,
emissions will be nearly 3.4 g per passenger-km. Escalators
usually run at a speed of 0.75 m/s (Behm, 2010). Studies show
that escalators consume 0.22 kWh per passenger-km hence
escalators CO, emissions will be nearly 7.5 g per passenger-
km. In present context speed for railway was considered as 25
km/h. Considering Hydro electricity for operation purpose,
energy consumption will be nearly 0.18 kWh per passenger-km
with CO, emissions up to 6.12 g per passenger-km. From
desirability analysis Route 5 options are most desirable, having
half of distance along existing railway line (till tunnel 103)
and remaining distance along residential and green area. The
introduction of multimodal transport network on this route will
help in development of parks along corridor due to existing
context. Next phase of research was to recognize user choice
for multimodal network. Choice of private or public modes
of transportation depends how preferences are constructed
(Jacquet et al., 2010). For the purpose mode choice survey
was conducted and analyzed using socio demographic, urban
design and physiological variables. This analysis approach is an
attempt to connect citizen / users within planning strategies and
making them an integral part of development strategies. Such
actions also help in capturing minds and prepare the citizen
those using city facilities (Madden, 2010).

XI. MobpE CHOICE ANALYSIS AND RESULT

After recognizing alternative corridor (Route 5) for multimodal
network next thing was to identify most preferential modes.
For analyzing the people perception towards alternative
modes of public transport, survey was carried out through a
questioner. Simple random sampling method was opted and

sample size was calculated using confidence interval of 5 and
95% confidence level (Panneerselvam, 2013). Mode choice
outlook related to different variables was extracted from these
questioners along with basic socio demographic information.
Survey was conducted in the city core area considering
sample from all economic groups, gender and people with
different education level (UDPFI, 1996). In total 385 persons
participated (sample size calculated for city population) in
survey and provided information related to mode choice
based upon different attributes. The response rate turned out
very high. Nearly with 90% of targeted users who responded
well resulting in total 350 questioners filled in all respects.
Participants were asked to rate some of the aspects of the visual
quality, safety and comfort on alternative travel modes. In
pilot survey participants found it difficult to rate the modes on
a scale i.e. 1-4. Henceforth in final survey it was decided to
frame questions for the best preferred mode with respect to the
specific variable in questioner. Response to these variables by
different set of groups based upon age, gender, education level
and income (socio-demographic variables) was then predicted
with remaining variables.

XII. DELPHI TECHNIQUE FOR RANKING

The Delphi method was especially useful for this research
due to long-range forecasting (20-30 years) needs, as expert
opinions were the only source of information available. The
main purpose of the Delphi method was to acquire the most
reliable consensus of a group of expert’s opinion. In this
qualitative research, which aims to determine the importance
of items / attributes ranking was used to gather the experts
opinions. Five-point or seven-point scale is common but in this
case eight point scale was used. E1, E2, E3....E10 shown in
Table III represents the experts from various field. Expert E1,
E2, E3 and E4 are from the field of urban design, E5 and E6
highly educated professionals and citizen of Shimla town, E7
and E8 are experts from the field of environment and energy
respectively whereas E9 and E10 are experts from the field of
hill architecture and transport engineering respectively. As per
classical Delphi technique the first round adopted an inductive
approach where participants were given complete freedom in
their responses. In second round consensus shown in Table III
was built among different experts and attributes were ranked
accordingly. Kendall’s coefficient of concordance was utilized
to determine the agreement and end of the Delphi technique.
Kendall‘s coefficient of concordance (Kendall’'s W), a con-
sensus criterion representing the level of consensus between
the participants, was calculated along with the mean rank and
standard deviation. Kendall‘s coefficient of concordance ranges
from 0 to 1, indicating the degree of consensus reached by
the panel (strong consensus for W > 0.7; moderate consensus
for W = 0.5; and weak consensus for W < 0.3). Kendall’s
coefficient of concordance is also a scale for determining the
level of coordination and agreement between several ranks of
n phenomenon. This scale shows a rank correlation between m
ranking set. It was used to determine the inter-judge reliability.
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Kendall’s coefficient of concordance indicated that those who
have ordered several categories according to their importance
have used the same criteria to judge the importance of each
category and in this regard, they agree to each other. In present
study questionnaire was discussed and ranked by ten experts
from the field of urban design, energy, transportation and

environment. In total two rounds of discussion were held with
experts through mail and telephonic conversation. Results of
the Delphi method are shown for comparative understanding.
Kendall‘s coefficient of concordance shown in Table IV was
calculated along with the mean rank and standard deviation for
round two.

TaBLE III: RoUND 2 SCORE OF VARIOUS ATTRIBUTES FROM DELPHI METHOD

Attributes El E2 E3 E4 E5 E6 E7 E8 E9 | E1I0 | Mean | Median | Std. Dev.
Speed 1 3 3 1 2 1 1 3 1 1 1.7 1.0 0.95
Easement 7 7 8 6 8 7 8 8 7 6 72 7.0 0.79
Imagebility 4 2 2 2 4 3 4 4 4 4 3.3 4.0 0.95
Legibility 2 4 | 4 4 3 4 2 2 3 3 3.1 3.0 0.88
Context 5 6 5 7 6 5 6 5 6 7 5.8 6.0 0.79
Environment 6 5 7 5 5 6 5 6 5 5 5.5 5.0 0.71
Safety 8 8 6 8 7 8 7 7 8 8 7.5 8.0 0.71
Social Int. 3 1 1 3 1 2 3 1 2 2 1.9 2.0 0.88

TABLE IV: KENDALLS COEFFICIENT OF CONCORDANCE FOR ROUND 2

Correlations

El E2 E3 E4 E5 E6 E7 E8 E9 E10
El | Cor.Coff. 1.00 643" 5717 | 643" | 7147 | 857 | 857 714" 857" | 786
Sig. . 026 048 026 | .013 | .003 .003 013 .003 .006
E2 | Cor.Coff. 643" 1.00 786" | 714" | 786" | 786" | 643" 643" 786" | 714"
Sig. 026 . .006 013 006 | .006 | .026 026 006 | .013
E3 | Cor.Coff. 5717 | 786" 1.00 500 | 714" | 7147 | 5717 714" 5717 | 500
Sig. 048 .006 . .083 013 | .013 048 013 048 .083
E4 | Cor.Coff. 643" 714" .500 1.00 | 643" | 786" | .643" 500 786" | 857
Sig. 026 013 .083 ) 026 | .006 | .026 .083 006 | .003
E5 | Cor.Coff. J14° | 786" | 714" | 643" | 1.00 | 7147 | 857" | 857" | 857" | 786
Sig. 013 .006 013 026 . 013 .003 .003 .003 .006
E6 | Cor.Coff. 857" 786" 14" | 786" | 714" | 1.00 | 714 714" 857" | 786
Sig. .003 .006 013 006 | .013 . 013 013 .003 .006
E7 | Cor.Coff. 857" 643" 5717 | 643" | 857" | 714" | 1.00 714" 857" | 786"
Sig. .003 026 048 026 | .003 | .013 013 .003 .006

*. Correlation is significant at the 0.05 level (2-tailed)

~. Correlation is significant at the 0.01 level (2-tailed)

In order to obtain their weightage in mode choice ranks were
given value on a scale of 10. The result revealed that speed
got the maximum score followed by easement and context.
Weights were assigned on basis of ranks derived from Delphi.

Here ranking is based upon the median value derived from the
analysis. Use of median rather than mean is preferred to avoid
any conflict due to abnormality. Based upon the derived Delphi
results Table V shows the weight assigned to each variable.
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TABLE V: RANKING FOR DIFFERENT VARIABLES

Speed | Easement | Imagebility Legibility Context Environment | Safety Social Interaction
Ranks 8 2 5 6 3 4 1 7
Weights 1.25 8.75 5 3.75 7.5 6.35 10 2.5
assigned

From principle component analysis, significance of each
variable was obtained and on its basis variables were ranked
from 1-8 based upon their contribution. Variable like speed and
easement had more contribution hence were rated as 1 and 2
respectively, whereas safety and social interaction contributed
least they were rated as 8 and 7 respectively. In order to obtain
their weightage in mode choice ranks were given value on a
scale of 10 and related frequencies for each mode option was
multiplied to get the final scores. Table VI shows the final

scores obtained by each mode. The result revealed that railways
got the maximum score followed by ropeway, escalator and lift.
From the overall analysis it is evident that if we consider lift as
base, then in comparison to lift 20% more people have opted for
escalators, 20% more people have opted for ropeways and 20%
more people have opted for railways. When we look in terms of
comparative analysis for mode choice different variables show
high inclination towards ropeways and railways than escalators.

TABLE VI: WEIGHTED AVERAGE ANALYSIS FOR MOST PREFERRED MODE

Mode Variables Weightage
Safety | Easement | Imagebility | Legibility | Context |Environment| Speed | Social | Total Mode | Weighted | Weighted User
Int. | Weightage Mean Preference
Percentage of
Mode Choice
Lift 490 490 230 161 450 298 54 113 2286 228 14.84
Ropeway| 490 438 835 495 780 1289 118 143 4587 443 28.89
Railway | 1780 1540 395 341 983 337 188 473 6035 568 37.02
Escalator| 740 595 290 315 413 298 79 148 2877 295 19.23

From Fig. 5 overall response towards modes can be easily
observed. Analysis also shows that ropeway and funicular
railways are more preferred modes. From environmental and

visual point of view ropeway is most preferred mode whereas
from social interaction, safety and easement of use funicular
railway is most favored mode.

250

200

100

50

W LIFT

m ROPEWAY
W RAILWAY

m ESCALATOR

Fig. 5: Mode Choice Response for Different Variables

Nearly 37% choice options are for funicular railway
and 31%, 18% and 14% are for ropeway, escalator and
lift respectively. As the result of overall analysis route
number 5 has emerged as most desirable route and mode

choice analysis shows railway and ropeways as preferred
modes for multimodal network. Combination of these results
has been proposed as alternative corridor between major
transit nodes.
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XIII. CHI-SQUARE TEST

As the variables are ordinal in scale, cross-tabulation has been
implied to infer the strength of their relationship. Variables
are nonparametric in this case i.c. name only (e.g., gender,
education level, safety and imagebility etc.) and are not given
numerical value except arbitrarily (e.g., 1 = male, 2 = female
or 1 = lift, 2 = ropeway etc.). Impact of social demographic
variables on mode choice has been calculated by identifying
their significance level with respect to all other attributes.
Significance is retrieved by observing the calculated value
and value from Chi-Square table. Two tailed significance has
been assumed in the analysis and degree of freedom varies
from variable to variable. A significance level of 95% has
been assumed in the analysis. Each question in the questioner

considers the objective that relates to a specific variable. As
case-specific indicators- monthly income, age, gender and
education of the respondent were used for analysis. The gender
was coded as 1 if female and 0 if male; female was the base
category. A four category variable for the family income was
applied in which Rs. 1000 to Rs. 15000 group was regarded
as the base. The age level of the respondents ranges from 16
to 67 and the average age in the sample was 22 years. Of the
350 respondents, there were 223 male (approximately 63%)
while female accounted for 127 (approximately 37%). As per
the education level, 189 were under graduate, 65 were post
graduate, and remaining 96 were at graduate level. Average
monthly income of the respondent and his family was Rs.
28000. Finally, family size is very different, with a spread from
2 persons to 13 persons with an average of 4 persons.

TaABLE VII: RELATION AMONG VARIABLES AS PER SIGNIFICANCE

Relationship Variables p Value Remarks
Gender Legibility 0.007%** Significant
Social int. 0.000%** Significant
Education Safety 0.013** Significant
Imagebility 0.018** Significant
Legibility 0.000%** Significant
Context 0.004%** Significant
Environment 0.000%** Significant
Speed 0.000%** Significant
Social int. 0.002%%** Significant
Family size Safety 0.003 % Significant
Imagebility 0.046** Significant
Speed 0.018** Significant
Age Safety 0.044** Significant
Imagebility 0.017** Significant
Environment 0.00 [ *** Significant
Speed 0.010%** Significant
Social int. 0.028** Significant
Income Safety 0.046%** Significant
Imagebility 0.024** Significant
Legibility 0.001*** Significant
Context 0.033** Significant

** Chi-Square is significant at 0.05 level

*#% Chi-Square is significant at 0.01 level

Results obtained from Chi-square test for significance are
tabulated in Table VII. Chi-square analysis confirms that there
is a relationship between socio demographic variables and
urban design variables for mode choice, using a significance
level of 0.01. Wherever the value of the calculated Chi-Square
statistic falls within the acceptance region, we accept the null
hypothesis that the mode preference understanding of specific
variable for all the categories / groups is same. Wherever the

value of the calculated Chi-Square statistic does not fall in
the acceptance region, we reject the null hypothesis that the
mode preference understanding of specific variable for all the
categories / groups is not the same. Hence we can see that a
wide number of urban design variables, including some that
have had little consideration in the literature previously, are
important in the mode choice. As it is evident from the results
that few variables have significant relation whereas some of
them are not affecting the mode choice preferences.
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XIV. ENERGY AND GHG EMISSION ANALYSIS

A comparative analysis between alternative modes and existing
mode (bus) was done by considering attributes like speed, time,
distance, energy consumption and CO, emissions. For bus diesel
was considered as fuel and energy resource, whereas hydro
electricity was considered for operation of remaining modes.
Average speed of ropeway, railway, escalator and bus is 25 km/h
(Hoffman), 25 km/h (Shimla-kalka rail line), 0.75 m/s (KONE)

and 25 km/h (HRTC) respectively. Energy consumption per
passenger per kilometer for ropeway, railway, escalator, and
bus is 0.1 kWh (Doppelmayr), 0.18 kWh (Weisser), 0.22 kWh
(KONE) and 0.14 kWh (HRTC) respectively in analysis. From
the above data and analysis, average energy consumption and
CO, emissions for each mode were calculated and are given in
Table VIII. The information was later on used for predicting the
average CO, emissions by different modes on most desirable
connector i.e. Route 5.

TaBLE VIII: AVERAGE ENERGY USE AND CO, EmissioNs BY MODE

Sr. No. Mode Energy Use (kwh) per Fuel CO, Emissions (g) per
Passenger-Km Passenger-Km
1 Bus 0.14* Diesel 353
2 Railways 0.18%* Hydro-Electricity 6.1
3 Ropeways 0. [ Hydro-Electricity 34
4 Escalators 0.22%%*% Hydro-Electricity 7.5

Source: M.J. Bradley & Associates / field study*, Daniel Weisser®™*, Doppelmayr Cable Car***, KONE ****

Table IX shows the comparative analysis of existing and
proposed corridor having huge saving in terms of time, energy
and CO, emissions. Combinations of rail and ropeway for
multimodal network on proposed Route 5 consumes minimum
travel time and have lowest CO, emissions. In comparison
to the existing bus service, energy consumption on proposed
route with mode combination can be reduced by 33%. Results
indicate that there is huge reduction in travel time as waiting
time and time lost during traffic jams will not be part of total

travel time anymore. Use of electricity (Hydro) will result in
huge reduction in carbon emission. Due to high efficiency
and per hour carrying capacity of ropeways and funicular
quality of travel experience will also improve. This result is
a clear indication that how multimodal network can be useful
in improving energy consumption pattern for sustainable
transport. On the basis of research, a complete urban design
plan for this connector was visualized for preserving the green
as well as functional character of city core.

TaBLE IX: ENERGY USE AND CO, EMISSIONS BY MULTIMODAL TRANSPORT ON ALTERNATE ROUTE

Route Mode Distance Speed Time Energy (kwh)/ | CO, Emissions (g) /
(km) (km/h) (Min.) Passenger-Km Passenger-Km
Existing Bus 4.5 18 15 0.63 158.85
Route 5 Rail and Ropeways 1.7, 1.1 25,25 6.72 0.42 14.144
Route 5 Rail and Escalators 1.7, 1.1 25,2.7 28.52 0.55 18.632
Route 5 Bus and Escalators 1.7, 1.1 18,2.7 30.1 0.48 68.238
Route 5 Bus and Ropeways 1.7, 1.1 18,25 8.3 0.35 63.75

XV. RESULTS

As aresult of visual survey and MCA analysis, Route 5 emerged
as most desirable route for multimodal network. From the
analysis of attributes for mode choice it is evident that funicular
rail and ropeways have emerged as the most preferred choices.
Due to safety considerations lifts have been opted by very less
number of users. Result also indicates that ropeways are the
best alternate modes and caters to visual and environmental
character leading to recover city Imagebility. Due to high
efficiency and per hour carrying capacity of ropeways and
funicular quality of travel experience will also improve. From
the results of Chi square test we can conclude that there is
strong impact of education and age on mode choice whereas
gender has very little significance. Variables like family size

and income have a modest impact on mode choice decisions. Of
the eight variables, the safety variable has the strongest impact,
suggesting that safety of travel mode is one of the most crucial
criteria when considering mode choice and this completely
matches the reality. Comparative analysis of existing and
proposed corridor shows virtually half time diminution in
terms of travel time and 33% reduced energy usage in projected
intervention. Results indicate that there is huge reduction in
travel time as waiting time and time lost during traffic jams
will not be part of total travel time anymore. This result is
also a clear indication how multimodal network can be useful
in reducing carbon emissions. This result is a clear indication
how multimodal network can be useful in improving energy
consumption pattern.
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XVI. CoNnCcLUSION

The study has tried to understand the view point of users
toward new commuting modes within the core city area of
Shimla town. Variables identified from literature review were
used as base for survey and analysis. Case study of alternative
public transport modes and urban design study of Shimla town
helped in identifying most suitable substitute modes and routes
for commuting. From the understanding of relation between
sustainable mobility and energy, one can conclude that urban
development of hill city with multi modal transport network
and pedestrian friendly structure will help in modifying
existing cities in their performance. The study has tried to
understand the view point of users toward new commuting
modes within the core city area of Shimla town. Considering
users as part of decision making will help in better utilization
of public transport system and reduce dependency on private
modes. As per the result of significance, safer transport mode is
more likely to be chosen by tourists. On the other hand, in the
condition that all other factors hold true, a mode that departs
and arrives at a destination punctually, provides tourists with
more comfort, and offers quality service and merges with city
image is more likely to be chosen. Therefore, modes that add
to safe, comfortable, and image building should be considered
as alternative travel modes. New route will not only reduce
the time and energy consumption in movement but will also
add quality in traveling experience between main transit
nodes in Shimla city. This research base is the starting point of
investigation in improving quality of mobility corridors in hill
regions for sustainable development. Multimodal movement as
an alternate will help in enhancement of hill town imagebility
and achieve sustainable growth.
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