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Abstract

Concerns are growing across various parts of the world due to increased negative transport
externalities derived from fast growth of population and rapid urbanization. This increases
necessity for sustainable urban transport. Bicycle is a sustainable low-carbon transport
mode. However, insufficient or unplanned infrastructure leads to decrease in the share
of bicycle in many cities of developing nations. In order to increase the bicycle share
and to provide safer, faster and more direct routes, a bicycle superhighway is proposed
for urban areas. For maximum use of a new infrastructure, an algorithm is presented
to identify the optimum number and locations of the connectors between proposed new
infrastructure and existing network. The household income levels are incorporated into
the decision making process of individual travellers for a better understanding of the
modal shift. A real-world case study of Patna, India is chosen to show the application
of the proposed superhighway. It is shown that for Patna, the bicycle share can escalate
as high as 48% up from 32% by providing this kind of infrastructure. However, together
with bicycles, allowing motorbikes on the superhighway limits the bicycle share to 44%.
The increase in the bicycle share mainly comes in from motorbike, public transport and
walk to bicycle mode switchers. Further, this study extends an emission modelling tool
to estimate the time-dependent, vehicle-specific emissions under mixed traffic conditions.
Allowing only bicyclists on the superhighway improves congested urban areas, reduces
emissions, and increases accessibility. However, allowing motorbikes on the superhighway
increases emissions significantly in the central part of the urban area, which is undesirable.
This study elicits that a physically-segregated high-quality bicycle superhighway will not
only attract current non-cyclist travellers and increase the share of bicycle mode but will
also reduce the negative transport externalities significantly.
Keywords: Bicycle superhighway, cycleway, sustainable transport, externality,
emissions, accessibility, mixed traffic, agent-based simulation
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1. Introduction1

1.1. Urbanization2

The share of urban population has increased to 54% in 2014 up from 30% in 1930 and3

it is expected to rise to 66% by 2050 (United Nations, 2014). This is accompanied by4

the increase in the number of mega-cities (large urban agglomerations with more than 105

million inhabitants), which will increase from 10 to 41 in the period from 1990 to 2030.6

The spatial distribution of growth in urban population is uneven (Cohen, 2006; United7

Nations, 2014). For instance, approximately 90% of the increase in urban population8

(between 2014 and 2050) is projected to be concentrated in Asia and Africa.9

1.2. Motorization, negative effects and economic losses10

Rapid urbanization is likely to increase the dependency on road transport and thus11

increase vehicle usages. Depending on possible government interventions for future poli-12

cies, the total number of cars across the globe is expected to increase between 2.2 to 2.613

times from 2010 until 2050 (WEC, 2011). Faster urban spread and motorization in urban14

agglomerations is likely to increase the level of congestion, emissions, noise etc. which can15

endanger sustainable development. In congested traffic conditions, vehicle speed reduces16

significantly and causes losses in time and fuel. Exhaust emissions is one of the major17

source of air pollution releasing a variety of pollutants. Negative transport externalities18

such as congestion, emissions, accidents, noise etc. cause significant losses to the GDP19

(Gross Domestic Product) in terms of public health and economic growth (Gwilliam,20

2002).21

1.3. Transport policies22

In decisions regarding transport policies, agencies decide a policy minimally based on23

the traffic patters, pressure on the supply, income levels of the households, modal share,24

objectives of the policy (e.g. generate revenues, abate transport externalities, etc.). An25

effective policy for a particular situation might not be effective in other situations because26

it is likely to differ with level of motorization, economic development, and urban form in27

each city. In real world, several urban transport policies are implemented to manage28

transport demand and/or supply based on different policy objectives.1 There is sufficient29

evidence in the literature which shows that the positive gains from the real-world traffic30

restrain or pricing scheme are limited to the short term (Zhou et al., 2010; Cai and Xie,31

2011; Beria, 2015; Percoco, 2014). In addition to this, a pricing scheme will be less effective32

if the share of potential toll payers (mainly car users in urban traffic) is very low.33

In many cities of the developing nations, low income households are captive to non-34

motorized or to cheaper alternatives and a significant number of individual travellers35

cannot afford subsidised public transport (Badami and Haider, 2007; Tiwari et al., 2016).36

These persons are sometimes referred as the ’urban poor’. In cities with significant share37

of households with low income groups, policies are very sensitive to household income38

levels, e.g. for travellers with low income, costs would be more important than travel time39

or comfort, whereas travellers with high income would prefer to travel with faster and40

more comfortable mode. In such scenarios, a possible measure would be to reserve a lane41

for those travellers who can pay the toll Powell (2001); Bar-Gera (2012); Anderson and42

1 Please refer to Ch. 3 of Agarwal (2017) for an overview of different types of policy measures with
related past studies.
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Geroliminis (2015). A high toll on the reserved lane can restrict further possible switches43

from non-car (or non-motorized) to car (or motorized) trips and produce a balance be-44

tween different user preferences (travel time/cost). Toll values in such cases, mainly,45

depend on demand and supply. Such a policy would be effective in cases where the ma-46

jority of urban roads have two or more lanes, which is, however, typically not the case47

in urban areas of many cities of developing nations, e.g. 36% of the total road length in48

Patna, India have a width of less than 5 m (TRIPP et al., 2009).49

1.4. Sustainable urban transport50

Concerns about the aforementioned issues related to fast growth of population and51

rapid urbanization are growing. Civic bodies are exploring sustainable low-carbon trans-52

port options and measures to increase the non-motorized transport (NMT) modes (e.g.53

bicycle, walk). Apart from its established health benefits (Mueller et al., 2017), it is54

quoted as one of the most sustainable forms of transport due to its reliability, affordabil-55

ity and low or zero negative transport externalities (Gatersleben and Appleton, 2007).56

Rastogi (2011) recognises major key issues and provide several guidelines in favour of sus-57

tainable transport, and significant importance is given to the promotion of walking and58

bicycle. Bicycle used to be a neglected field of study, but is gaining ground and becoming59

a more important transport mode. In order to increase the share of sustainable and low60

carbon transport modes, strong measures like a strengthening and integration of public61

transport and NMT infrastructure as well as improvements in fuel and vehicle technology62

are required. In absence of sufficient infrastructure for public transport (PT) and NMT,63

travellers, who can afford this, are shifting to private modes (e.g. car, motorbike). Inter-64

action with motorized traffic increases the real and perceived danger, and discomfort for65

walking and bicycling which is likely to reduce the NMT share (Jacobsen et al., 2009).66

Similar reasons has led to decline in the share of walk and bicycle modes in many cities67

of India (Tiwari et al., 2016).68

In the last few decades, emphasis of urban transport policies is set on the development69

of sustainable urban transport strategies such that the interests of future generations can70

be protected. According to Bugliarello (2006), for a city, the three important sustainable71

measures are: (a) to reduce the external footprint, (b) to make city more livable in terms72

of transportation, housing, water etc. and (c) to make the suburbs more sustainable.73

Similarly, Goldman and Gorham (2006) identify four directions, which outline the poten-74

tial visions of sustainable transport while major importance is given to innovative practice75

on ground. One of the directions is to make cities more livable which concerns accessi-76

bility. With an example of Bogotá, the authors highlight the strict provision of pathways77

for non-motorized transport modes through urban centres. Following such visions, use78

of bicycle is promoted in different parts of the world via diverse policy initiatives to in-79

crease the share of bicycle (Martens, 2007; Su et al., 2010; Buehler et al., 2016; Pucher80

and Buehler, 2008). Cyclists2 are sensitive to distance, turn frequency, slope, intersec-81

tion control, traffic volume, traffic-mix, travel time, on-street parking, roadway speed82

limit, discontinuities (Broach et al., 2012; Sener et al., 2009; Verma et al., 2016; Menghini83

et al., 2009; Hood et al., 2011). The comfort perception of the cyclists is also affected84

by age, type of two-wheeled vehicles, width of bicycle lane, roadside land-use etc. (Bai85

2Terms ’bicycle’ and ’cycle’ are common ways of addressing two-wheeler non-motorized vehicle. In
the context of developing nations, the latter is more common. In this study, both terms are used inter-
changeably unless otherwise stated. Thus, a cyclist refers to the bicycle rider.
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et al., 2017). Several studies have shown that improvement of various bicycle facilities86

is likely to increase the bicycle ridership (Martens, 2007; Wardman et al., 2007), trip87

length (Tilahun et al., 2007) and safety (McClintock and Cleary, 1996). The provision of88

bicycle lanes adjacent to the lanes for the motorized traffic is a common way of bicycle89

facilities in many parts of the world. In a study, it is shown that a bicycle lane offsets the90

negative effects of adjacent motorized traffic. It does, however, not offer any additional91

attractiveness than a low traffic volume local street (Broach et al., 2012). In addition92

to this, the safety, comfort, convenience of riding a bicycle are top priority for potential93

users than captive riders (Jain et al., 2010). Safety, comfort, convenience of cyclists are94

likely to increase with a physically segregated infrastructure and this, in turn, can play a95

vital role in promotion of sustainable urban transport.96

1.5. Physical segregation of bicycle lane97

Bai et al. (2017) show that physical segregation of bicycle lanes from motorized traffic98

and pedestrian lanes (footpath) significantly increase the comfort perception of cyclists.99

Given the scarcity of space in urban areas, it is possible that such bicycle lanes are100

somewhat longer and off-track. However, with the help of revealed preference surveys,101

it has shown that bicyclists adjust their routes to use off-street or off-track bicycle path102

(Krizek et al., 2007; Howard and Burns, 2001; Broach et al., 2012). Bicyclists are also103

willing to take the longer route to use such bicycle lanes (Standen et al., 2017). In104

another study, it is found that these detours could be as high as 67% higher than shortest105

distance (Krizek et al., 2007). An off-track bicycle facility is also likely to increase the106

bicycle ridership (Tilahun et al., 2007). This will encourage the captive users as well as107

currently non-cyclists. The female bicycle ridership is very low in many developing nations108

(Tiwari et al., 2008), which is likely to rise with an off-track cycleway (Standen et al.,109

2017). Therefore, based on the foregoing discussion, this study analyses the importance of110

a bicycle superhighway3 for urban centres. The term ’superhighway’ is used to distinguish111

this infrastructure from (regular) bicycle lanes. The aim is to provide safer, faster, direct112

and comfortable routes for bicycle riders rather than providing an infrastructure to move113

out non-motorized modes from motorized traffic lanes to make motorized traffic faster.114

1.6. Research gap115

The benefits from the new cycleway or superhighway in an urban area are under-116

studied, particularly, in (a) integrating income levels of the individual travellers into the117

decision making process, (b) quantifying the potential of increase in bicycle share, (c) de-118

crease in congestion, emissions in the urban area and (d) increase in accessibilities. This119

study bridges these gaps with the help of a real-world case study. For this, a bicycle su-120

perhighway in the urban centre is proposed and the extent of the aforementioned benefits121

are quantified using an activity-based multi-agent transport simulation framework. For122

the application of bicycle superhighway, a case study of Patna, India is chosen. Further,123

this study also proposes an innovative approach to find the optimal number and loca-124

tions of the connectors between new infrastructure and the existing network. To estimate125

the vehicle- and link-specific time-dependent emissions under mixed traffic conditions, an126

emission modelling tool (EMT; Kickhöfer et al., 2013) is extended. Moreover, using the127

3 Please refer to http://denmark.dk/en/green-living/bicycle-culture/cycle-super-highway and http:
//lcc.org.uk/pages/cycle-superhighways for some practical examples.
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case study, this work provides insights which are useful to encourage policy makers and128

law-enforcements.129

The remainder of the paper is organized as follows. Sec. 2 prepares rationale for the130

bicycle superhighway and explains the proposed methodology for the connectors of bicycle131

superhighway. The multi-agent transport simulation framework for the present study is132

briefly presented in Sec. 3. Application of bicycle superhighway is exhibited in Sec. 4.133

This section also illustrates the simulation set up, income-dependent utility function and134

policy scenarios. The results and findings are analysed in Sec. 5. The impact of the135

policies on the congestion, emissions and accessibilities are visualized spatially in this136

section. Further, main findings of this study are summarised in Sec. 6.137

2. Bicycle superhighway138

London has a few cycle superhighways (TfL, accessed Sep. 2017) and an overall positive139

effect is observed (Law et al., 2014). In the context of developing economies such as India,140

the development of NMT is favourable because (i) a high share of travellers belongs to141

low or middle income households, (ii) the share of shorter trips is very high (Rahul and142

Verma, 2013). Thus, there is a vast scope to increase the share of bicycle mode as well143

as walk mode, provided, an efficient infrastructure is available. In the similar direction,144

this study recommends a bicycle superhighway for Panta, India and evaluates its impact145

in terms of modal share, congestion, emissions and accessibilities.146

For Patna, the bicycle share is about 33% (TRIPP et al., 2009) which favours the need147

of a physically segregated infrastructure for bicycle modes. There are at least two major148

hurdles for laying a bicycle superhighway in the urban area:(i) Space requirement: This is149

a common problem before laying any kind of road infrastructure or widening of existing150

road infrastructure for a bicycle lane and/or footpath. The situation can becomes severe if151

required land is in built-up area. A bicycle superhighway is preferred on ground however,152

if space is limited in built up areas, superhighway can be overhead. (ii) Restriction on153

motorbike: Generally, a bicycle lane in India is about 2.5 m wide so that cycle-rickshaw4
154

drivers can also use them Tiwari (2001). A major drawback of this is that due to wide155

bicycle lane and poor law enforcement, it is also used by motorbike riders. This is likely156

to reduce the attractiveness for bicycle riders. A similar situation can not be ruled out157

on the bicycle superhighways. These two issues are addressed later in Sec. 4.2.3 for the158

case study.159

2.1. Cost-benefit comparison160

Generally, the feasibility of a project or a new infrastructure is determined based on161

a cost-benefit analysis. However, it is beyond the scope of the present study. In order to162

show the importance of the use of bicycle superhighway, a brief comparison with motor-163

ized highway based on several attributes is presented in this section. In Tab. 1, it can be164

observed that more passengers can be transported in less space using a bicycle infrastruc-165

ture which is also associated with lower investment costs compared to infrastructure for166

motorized traffic. In addition to this, the monetary benefits from reduction of congestion,167

air pollution, accident risk, vehicle operation cost etc. can amount to 250,000 Indian ru-168

pees per day if 1% of travellers switch their mode from motorized mode to non-motorized169

mode in Bangalore city (Rahul and Verma, 2013).170

4 A cycle-rickshaw is generally a three-wheeler, non-motorized vehicle and used to move goods or
passengers.
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Table 1: Comparison of various parameters between motorized highway and high quality bicycle lane.
Source Rastogi (2011).

infrastructure for...

Attribute motorized vehicle bicycle

space requirement per person [m2] 120 9
passenger capacity [/hour · /m] 100-400 1500
cost of construction (ratio) [unit] 20 1
material requirement [kg/person] 1260− 1440 30

2.2. Bicycle superhighway connectors171

Algorithm 1: Identification of connectors between existing network and bicycle su-
perhighway.

Input: Nodes of existing network Ne,n

Input: Node of proposed bicycle superhighway network Nb,m

for every node Nb,i in set Nb,m do
Ne,i ← get nearest node from Ne,n;
Ni ← connect Nb,i to Ne,i to get connector;

Output: Number of connectors (Nc) between bicycle superhighway and existing networks
Output: Combined network

Data: Nc ← total number of connectors
Data: Combined network
Input: Termination criteria T
Input: Ir ← iterations to let the agents react under all connectors
Input: Iu ← iterations after which a connector is removed
for each iteration I do

for for each connector until, termination do
if I <= Ir then

let the agent react ;
else if (I − Ir)%Iu == 0 then

get the least used connector and remove it;

The success of a vehicle-specific highway depends on the benefits and usage of the172

superhighway. This, in turn, depends on the links which connect the existing network to173

the new highway. Too few connectors would not produce maximum throughput whereas174

too many connectors will increase the construction cost. Therefore, an efficient planning175

of the connectors is critical. This study proposes an algorithm (Algo. 1) to identify176

the optimum number and locations of bicycle superhighway connectors. (1) In the first177

step, the bicycle superhighway is connected with the existing network with all possible178

connectors. The resulting network is called as combined network. (2) In the next step, for179

initial Ir iterations, agents are allowed to react under given choice dimensions (e.g. change180

mode, route, time etc.). This parameter should be high enough so that further increase181

does not yield any significant increase in the bicycle share. (3) Thereupon, after every Iu182

iterations, the least used connector is identified and removed from the combined network.183

The parameter Iu will be smaller than Ir and large enough such that significant changes184

are not observed any further. (4) The process is continued until the termination criteria is185
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reached. A termination criteria is decided based on the objective of the new highway, e.g.186

terminate as soon as bicycle share starts dropping, terminate after pre-decided number187

of connectors (Nc), terminate if the cost of connectors has reached a certain value, etc.188

Eventually, this algorithm returns a network with an optimum number and location of189

connectors based on the given objective for the superhighway. The proposed algorithm190

is applied in the context of bicycle superhighway, however, it is suitable for any other191

scenario and for any other travel simulator which allows individual travellers to interact,192

learn and adapt to the system.193

3. Travel simulator194

In this study, an activity-based, multi-agent transport simulation framework, MAT-195

Sim (Horni et al., 2016) is chosen because (a) the underlying network algorithm is a196

queue model which controls agents at entry/exit of the link only (Gawron, 1998; Cetin197

et al., 2003). This makes it computationally fast and suitable for large-scale scenarios.198

(b) simulation of a sample size is possible (Agarwal et al., 2017a). (c) it is embedded into199

an iterative co-evolutionary algorithm in which agents interact, learn and adapt to the200

system and to the price levels (tolls) if any etc. This iterative cycle is shown in Fig. 1 and201

explained next.202

The essential inputs for a simulation experiment are physical boundary conditions203

(i.e. network), daily plans of individual travellers. It is possible to set the scenario-204

specific parameters (e.g. utility parameters, choice dimensions, travel modes etc.) in the205

configuration of the simulation experiment. The iterative cycle consists of three parts:206

Mobsim, scoring and replanning.207

initial 
demand analyses mobsim scoring 

replanning 

Figure 1: Iterative cycle of MATSim

(1) Mobsim: In this step, plans of all individual travellers are loaded onto the network si-208

multaneously. Therefore, this step is known as plan execution or mobility simulation209

(mobsim). For network loading algorithm, a time-step based queue model is used210

(Gawron, 1998; Cetin et al., 2003). The traffic dynamics of the queue model resemble211

Newell’s simplified kinematic wave model (Agarwal et al., 2016, 2017a). The under-212

lying queue model can simulate mixed traffic conditions for different link dynamics213

(Agarwal et al., 2015; Agarwal and Lämmel, 2016).214

(2) Scoring: Simulated plans are evaluated using a utility (or scoring) function. Typi-215

cally a plan’s score (Splan) consists of two parts i.e. Splan = ∑N−1
q=0 Sact,q + ∑N−1

q=0 Strav,mode(q).216

7



The former part aggregates the utilities for an agent while performing different activi-217

ties (see Nagel et al., 2016, for further detailed explanation). The latter part is sum of218

utilities gained for travelling between different activities (see Sec. 4.2.2 and Eq. (2)).219

(3) Replanning: In this step, agents react and adapt to the system depending on the220

available choice dimension. Replanning consists of two parts: plan innovation and221

plan selection. In the former, a new plan is created and then executed in the next222

iteration. The new plan is generated by modifying an existing plan according to223

given choice dimensions (e.g. route choice, mode choice, time choice etc.). In the224

plan selection step, agents select a plan from the generated choice set according to225

a probability distribution which converges to a multinomial logit model (Nagel and226

Flötteröd, 2012).227

4. Application of bicycle superhighway to Patna, India228

For the application of bicycle superhighway, a real-world case study of Patna, India is229

chosen. Patna is situated along River Ganga. It is one of the most populated cities in the230

eastern part of India. The population of Patna agglomeration area was 5.77 million in 2011231

(Census, 2011). The study area includes 72 zones of the Patna Municipal Corporation232

(PMC). Initial scenario is taken from Agarwal et al. (2017b) and briefly explained next.233

4.1. Scenario set up234

The digital network of Patna is created using TransCAD (TransCAD, 2012) files.235

Three major arterials are Ashok Rajpath, the old bypass and the new bypass, which236

are spread in east-west direction. The travel demand of the region is categorized in two237

groups, urban and external travel demand.238

The urban travel demand is synthesized directly from a trip diary survey (TRIPP239

et al., 2009, Patna Comprehensive Mobility Plan, (Patna, CMP)). A total of 13,278 plans240

are recorded which constitutes approximately a 1% sample of the full population. In241

order to obtain a 10% sample, each record is cloned by randomizing its origin, destination242

and departure time of the trip. Travel modes for urban trips are bicycle, car, motorbike,243

public transport (PT) and walk. The modal share for these modes is 33%, 2%, 14%, 22%244

and 29%, respectively (TRIPP et al., 2009).245

The external travel demand is further classified as through traffic and commuter traf-246

fic. Through traffic simply pass through Patna and at most make one trip per day.247

Commuters are the individuals who commute between Patna and nearby areas of Patna.248

These travellers make at most two trips a day. Travel modes for external demand are249

bicycle, car, motorbike and truck. Patna CMP provides classified hourly counts for 7250

outer cordon stations in both directions. This alone is insufficient to generate the daily251

plans. Thus, daily plans for external demand are created by extending Cadyts (Flötteröd,252

2009) for mixed traffic (see Agarwal et al., 2017b; Agarwal, 2017, for more details about253

the calibration process).254

4.2. Simulation preparation255

4.2.1. Travel modes256

For the simulation, the combined travel demand (urban and external) is used. Bicycle,257

car, motorbike and truck modes are physically simulated on network (called as main258

or congested modes) whereas PT and walk modes are teleported between origin and259

destination. The flow and storage capacities of a link are observed for congested mode (see260
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Agarwal, 2017, for more detail). The maximum free speed and passenger car equivalents261

(PCE)5 for different congested modes and teleportation speed for teleported modes are262

shown in Tab. 2.263

Table 2: Modal attributes for Patna scenario.

maximum free speed teleportation speed

bicycle car motorbike truck PT walk

Speed (km/h) 15 60 60 30 20 5
PCE 0.15 1 0.15 3 – –

4.2.2. Utility function264

Variations in household incomes are likely to affect travel behaviour of individual265

travellers. Therefore, the effect of household income is included in the scoring function266

(Agarwal et al., 2017b). The mode-specific utility function is shown in Eq. (2).6 Cm is267

alternative specific constant for mode m, ttrav is travel time between two activities, dtrav268

is travelled distance between two activities, βd,m is marginal utility of distance for mode269

m, βtrav,m is marginal utility of travelling for mode m, γd,m is monetary distance rate for270

mode m, ȳ is median income of all individuals and yj is household income of individual271

j. The utility parameters are shown in Tab. 3. For PT, a distance based cost is used (see272

Eq. (1); Kumar et al., 2004).273

PT trip costs [USD] =

0.045, if d ≤ 4 km
0.045 + (d− 4) · 0.0047, if d > 4 km

(1)

Table 3: Utility parameters (Agarwal et al., 2017b)

travel mode bicycle car motorbike PT walk

monetary distance rate − −3.7· 10-5 −1.6· 10-5 Eq. (1) −
(γd)
marginal utility of travelling −0.12 −0.0 −0.12 −0.40 −0.12
(βtrav) [util/h]
alternative specific constant 0.0 −0.6 −0.58 −0.545 0.0
(C) [util]
marginal utility of distance −1.1· 10-4 − − − −1.2· 10-4

(βd) [util/m]

marginal utility of performing (βdur) [util/h] 0.19

5Please note that PCE is used only to note down the consumption of flow and storage capacity of a
link in the queue model (Agarwal et al., 2017a, 2015). It is not used to convert heterogeneous traffic flow
into a homogeneous traffic flow. Each vehicle is considered individually with its own attributes.

6For truck, a different behavioural model is required which is out of scope for the present study.
However, the congestion effect of the commercial vehicles is included in the simulation and default utility
parameters are used for them.
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Strav,bicycle = Cbicycle + βtrav,bicycle · ttrav + βd,bicycle · dtrav

Strav,car = Ccar + βtrav,car · ttrav + ȳ

yj
· (γd,car · dtrav)

Strav,mb = Cmb + βtrav,mb · ttrav + ȳ

yj
· (γd,mb · dtrav) (2)

Strav,PT = CPT + βtrav,PT · ttrav + ȳ

yj
· (γd,PT · dtrav)

Strav,walk = Cwalk + βtrav,walk · ttrav + βd,walk · dtrav
4.2.3. Policy scenarios under consideration274

It is proposed to lay the bicycle superhighway along the railway line because275

1. it is more likely that there is enough space available on both side of the railway line,276

2. the railway runs from the east to the west of the city and277

3. it is parallel to the one of the major arterial (see Fig. 2).278

Ashok Rajpath

New bypass

Old bypass

Gandhi Setu

Figure 2: Patna network with bicycle superhighway.

Since, it is a physically segregated bicycle superhighway (rather than a bicycle lane279

parallel to arterials), motorbikes can be restricted by law enforcement. However, a what-280

if case is considered in which bicycle superhighway is used by bicycle and motorbike281

simultaneously. The initial calibrated scenario is taken from Agarwal et al. (2017b) and282

named as base case in this study. The output of the base case is used as input for all283

scenarios under consideration. The first scenario is business as usual which is used to284

compare the output of two policies. Overall following three scenarios are considered for285

Patna.286

1. BAU: Business as usual287

2. BSH-b: Bicycle superhighway used by bicycle mode only288

3. BSH-mb: Bicycle superhighway used by motorbike and bicycle modes.289
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4.2.4. Policy set up290

Connectors to bicycle superhighway A bicycle superhighway is created parallel to the291

railway track within Patna as shown in Fig. 2. The optimum number and locations of292

entry/exit to the bicycle superhighway are decided based on an optimization approach (see293

Algo. 1). For each link of the bicycle superhighway, it is assumed that bicycles are about294

two times faster than on the regular network and the effort to ride a bicycle is reduced to295

half.7 As described in Sec. 2, the objective of the identification of the connectors could296

be constrained by cost of construction or on other factors. However, in this study, the297
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bicycle car motorbike PT walk

Figure 3: Modal share of urban travellers during identification of bicycle superhighway connectors.

In Algo. 1, initially, the agents are allowed to react in the presence of the all connectors300

for 100 iterations (= Ir). The mode choice is allowed for urban travellers until the terminal301

therefore, in the first step, agents react to the new bicycle superhighway and switch to302

bicycle mode. Afterwards, the least used (by cyclists) link is removed after every 10303

iterations (= Iu) until termination.304

The variation in modal share over iterations is shown in Fig. 3. From this, it can305

be observed that, initially, in the presence of all possible connectors, the bicycle share306

(orange color) increases steeply, reaches its maximum value and remains constant until307

4500 iterations. After 4500 iterations, the share of bicycle starts decreasing. Therefore,308

the connectors at iteration 4500 are taken as the optimum number of connectors. The309

resulting network is chosen for the two policy measures (BSH-b and BSH-mb).310

Replanning strategies of policy scenarios All three scenarios (see Sec. 4.2.3) are run for311

200 iterations. For the BAU scenario, the existing network is used whereas for other312

two scenarios, the network with bicycle superhighway and their connectors are used. For313

re-planning, plans innovation is used until 80% of the iterations. In each iteration, 10%314

of urban travellers are allowed to change their mode and 15% are allowed to change their315

7Technically, this is achieved by giving each link of the bicycle superhighway only half of its true
length.
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route. For all external trips, only reroute is allowed for 15% of the agents. Rest of the316

agents until innovation and all the agents afterwards, select a plan from their generated317

choice sets.318

5. Results319

This section presents and compares the results of the three scenarios. Firstly, in order320

to show the impact of the bicycle superhighway, the congestion patterns of the three321

scenarios are presented in Sec. 5.1. This is followed by a comparison of the modal split for322

all three scenarios in Sec. 5.2 and an detailed analysis of the mode switcher and retainer323

in Sec. 5.3. The effect of the bicycle superhighway on the emissions and accessibility is324

spatially visualised in Secs. 5.4 and 5.5 respectively. The results of the two policy scenarios325

(BSH-b and BSH-mb) are compared with the BAU scenario. The results are based on326

the analysis of urban travellers, while external demand has been added to the model for327

inclusion of congestion effects from external demand.328

5.1. Congestion patterns329

(a) Car, BAU scenario (b) Motorbike, BAU scenario (c) Bicycle, BAU scenario

(d) Car, BSH-b scenario (e) Motorbike, BSH-b scenario (f) Bicycle, BSH-b scenario

(g) Car, BSH-mb scenario (h) Motorbike, BSH-mb scenario (i) Bicycle, BSH-mb scenario

Figure 4: Comparison of the congestion patterns at 08:00:00 for three scenarios.

Fig. 4 shows a comparison of the congestion patterns8 from three scenarios for car,330

motorbike and bicycle traffic at 08:00:00. The left column (Figs. 4a, 4d and 4g) shows331

the congestion patterns for car. A capacity relief on the new bypass and Ashok Rajpath332

can be observed in the BSH-b and BSH-mb scenarios. The traffic patterns on remaining333

streets for the car traffic remain largely the same in the three scenarios because the334

share of the car does not change much (approximately 2%; Tab. 4). The middle column335

8 These congestion patters are generated using the visualization tool VIA (see http://www.via.senozon.
com).
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(Figs. 4b, 4e and 4h) shows the congestion patterns for motorbike. In the former two, the336

queues on several streets near Gandhi Setu and other parts of Patna have been reduced337

or fully dissolved, whereas long queues appear in the latter (BSH-mb) scenario, which is338

an effect of allowing motorbikes on the bicycle superhighway. The right column (Figs. 4c,339

4f and 4i) shows the congestion patterns for bicycle traffic. In the BSH-b scenario, a340

few small bicycle queues appear on a few links of the bicycle superhighway, while the341

length of the queues on other streets of the network has decreased. The queues become342

longer in the BSH-mb scenario in which both motorbikes and bicycles travel on the bicycle343

superhighway. Overall, a capacity relief effect on the southern arterial (going east to west;344

new bypass) and other streets can be observed (also see Sec. 5.3.2).345

5.2. Modal split346

Table 4: Modal splits for urban travellers (in %) for various policy scenarios.

mode reference study base case BAU BSH-b BSH-mb

bicycle 33.0 32.3 32.5 48.7 44.0
car 2.0 2.7 2.5 2.1 1.9
motorbike 14.0 14.7 15.3 11.2 18.5
PT 22.0 21.7 21.2 12.9 10.3
walk 29.0 28.6 28.6 25.1 25.3

Tab. 4 shows the modal splits for various scenarios. In the business-as-usual scenario347

(BAU), the modal split is about the same as the base case scenario and the reference348

study. The effect of the bicycle superhighway is clearly visible in the BSH-b and BSH-mb349

scenarios. In the BSH-b scenario, approximately half of the urban trips are made by the350

bicycle mode. The increase in the bicycle share comes mainly from PT trips and partly351

from motorbike and walk trips (also see Tab. 5b). This is plausible since a significant352

number of households belongs to the low income group. On the other hand, in the BSH-353

mb scenario, the superhighway is an attractive option for motorbike riders as well, which354

increases the share of the motorbike to more than 18% and reduces share of the bicycle355

to 44%. This is significantly higher than the modal share in BAU scenario, but, at the356

same time, less than the modal share in the BSH-b scenario. A more detailed analysis for357

mode switchers and retainers is given in the next section.358

5.3. Mode switcher analysis359

5.3.1. Change in number of trips360

Tab. 5a shows the number of trips of mode switchers (e.g. car to bicycle, motorbike to361

car, etc.) and mode retainers (the diagonal values in the matrix; e.g. car to car, bicycle362

to bicycle, etc.) for the BAU scenario. Clearly, as expected, for the BAU scenario, most363

of the agents retain their modes.364

Tab. 5b and Tab. 5c show the change in the number of trips of mode switchers/retainers365

with respect to the BAU scenario for BSH-b and BSH-mb policy scenarios respectively.366

In the BSH-b scenario, with respect to BAU, the increase in the bicycle share is mainly367

contributed from motorbike, PT and walk to bicycle mode switchers (11712, 20330 and368

9058 trips respectively). The contributions from motorbike, PT and walk to bicycle mode369

switchers have significantly decreased in BSH-mb scenario (7166, 13560 and 8594 trips370
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Table 5: Analysis for number of trips of mode switcher/retainer.

(a) Absolute number of trips for BAU Scenario

last iteration (it.1400)

bicycle car motorbike PT walk total

bicycle 82408 56 430 774 2140 85808
first car 48 4772 1712 622 2 7156
iteration motorbike 526 1056 36186 1308 16 39092
(it.1200) PT 1084 702 2296 53408 28 57518

walk 2176 4 18 22 73766 75986

(b) The change in the number of trips for BSH-b scenario with respect to BAU

last iteration (it.1400)

bicycle car motorbike PT walk

bicycle +1092 −28 −228 −484 −352
first car +990 −804 +10 −194 −2
iteration motorbike +11712 −348 −10674 −682 −8
(it.1200) PT +20330 +210 +74 −20618 +4

walk +9058 −2 −10 0 −9046

(c) The change in the number of trips for BSH-mb scenario with respect to BAU

last iteration (it.1400)

bicycle car motorbike PT walk

bicycle +942 −26 −204 −522 −190
first car +542 −1734 +1538 −344 −2
iteration motorbike +7166 −432 −5806 −920 −8
(it.1200) PT +13560 +554 +12892 −27014 +8

walk +8594 −4 +64 −2 −8652

respectively). This is an effect of allowing motorbikes on the bicycle superhighway. In371

addition to this, for BSH-mb scenario,372

• a significant number of PT trips is shifted to the motorbike mode (12892 trips) and373

• the number of motorbike retainers is approximately 5000 higher than the number374

of motorbike retainers in the BSH-b scenario.375

The driving forces behind this are discussed in the next section.376

5.3.2. Change in the average speed377

Tab. 6 shows the changes in average route speed and in average beeline speed for mode378

switcher/retainer. The changes are computed with respect to the first iteration (it.1200)379

of each policy measure which is same for all scenarios. The route speed is the ratio of380
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Table 6: The changes in average speeds (in km/h) for mode switcher/retainer with respect to first iteration
(it.1200).

(a) The changes in average route speed for BSH-b scenario

last iteration (it.1400)

bicycle car motorbike PT walk

bicycle +1.09 +13.92 +17.07 +9.66 −5.42
first car −7.28 +3.20 +6.92 +6.37 −
iteration motorbike −12.73 +2.90 +4.28 +3.56 −26.59
(it.1200) PT −9.22 −1.91 +3.01 0.00 −15.01

walk +6.82 +30.04 +19.75 +15.02 0.0

(b) The changes in average beeline speed for BSH-b scenario

last iteration (it.1400)

bicycle car motorbike PT walk

bicycle +0.37 +9.47 +11.47 +5.50 −3.22
first car −4.88 +2.49 +4.82 +2.94 −
iteration motorbike −9.31 +2.33 +3.03 +1.24 −15.20
(it.1200) PT −5.39 +0.29 +2.49 0.00 −10.16

walk +2.90 +16.09 +10.74 +9.78 0.0

(c) The changes in average route speed for BSH-mb scenario

last iteration (it.1400)

bicycle car motorbike PT walk

bicycle −2.34 +7.26 +14.07 9.74 −5.83
first car −16.12 +4.82 −3.18 +6.66 −
iteration motorbike −21.87 +2.70 −3.95 +1.51 −25.21
(it.1200) PT −13.24 −1.67 −8.40 0.00 −15.01

walk +2.90 − +14.56 +15.01 0.0

(d) The changes in average beeline speed for BSH-mb scenario

last iteration (it.1400)

bicycle car motorbike PT walk

bicycle −1.76 +4.35 +8.72 +5.49 −3.42
first car −10.35 +3.82 −2.54 +2.86 −
iteration motorbike −15.21 +2.22 −3.76 −0.50 −14.73
(it.1200) PT −8.48 +0.79 −5.16 0.00 −9.43

walk +0.90 − +6.12 +10.51 0.0
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the route distance (along travelled links)9 to the travel time in the simulation whereas381

the beeline speed is the ratio of the direct distance between the activity locations (beeline382

distance) to the travel time.10
383

Tab. 6a and Tab. 6b show the changes in the average route speed and average beeline384

speed for BSH-b scenario and Tab. 6c and Tab. 6d show the changes in the average route385

and beeline speeds for BSH-mb scenario. In BSH-b scenario, for bicycle retainers, the386

average route speed increases by +1.09 km/h and the average beeline speed increases by387

+0.37 km/h. This indicates that bicycles are faster and also travel longer distances. Since388

a significant number of bicycle trips are using the bicycle superhighway, a capacity relief on389

the network also increases the average route speeds of car and motorbike retainers (+3.20390

and +4.28 km/h). This also translates in higher beeline speeds (+2.49 and +3.03 km/h),391

i.e. reduced origin-to-destination travel times.392

The average route speeds for car and motorbike to bicycle mode switchers decrease393

by −7.28 and −12.73 km/h respectively whereas the average beeline speeds decrease by394

−4.88 and −9.31 km/h respectively. This indicates that switching from car/motorbike to395

bicycle makes the travel speed considerably slower, while the direct origin-to-destination396

speed and thus the travel time does not suffer as much.397

In the BSH-mb scenario, due to congestion on the bicycle super highway, the average398

route and beeline speed for bicycle retainers decreases by −2.34 km/h and −1.76 km/h399

respectively i.e. the bicycle retainers move more slowly, but somewhat compensate by400

more direct routes. Similar to the BSH-b scenario, the average route speed decreases for401

car/motorbike to bicycle mode switchers. In contrast to the BSH-b scenario, the average402

route speeds for car to motorbike switchers and motorbike retainers decrease significantly403

and yet they are better off by travelling shorter distances.404

From this mode switcher/retainer analysis, it can be summarized that the share of405

bicycle increases significantly. However, this gain is reduced in case motorbike riders406

are allowed on the bicycle superhighway as well. Further, a capacity relief effect is also407

observed. In the next section, the emissions externalities for all scenarios are estimated,408

which will emphasize the importance of the bicycle superhighway towards sustainable409

transport.410

5.4. Emissions calculation411

5.4.1. Estimation approach412

In order to assess the impact of the policy scenarios, the emissions are estimated as413

a post-processing step. An emission modelling tool (EMT) for homogeneous traffic was414

developed by Hülsmann et al. (2011) and, further improved, extended and integrated to415

a simulation framework (MATSim, Sec. 3) by Kickhöfer et al. (2013). Total emissions are416

comprises of cold and warm emissions. The former depends on parking duration, distance417

travelled and vehicle characteristics; the latter depends on engine type, road type, speed418

of the vehicles. Together with the static vehicle characteristics (e.g. vehicle type, age,419

cubic capacity, fuel type etc.) and dynamic attributes from simulation (e.g. last engine420

start time, travelled distance, traffic state, vehicle type etc.), cold and warm emissions421

9As mentioned before in Sec. 4.2.4, to make the bicycle twice as faster as on the normal network, the
length of the links of bicycle superhighway is halved. For the analysis of the average route speed, the
actual link length of the bicycle superhighway is taken while making the speed of the bicycle double on
these links.

10 In general, if the activity locations does not change, the positive change in average beeline speed
denotes the lesser travel time for the same beeline distance and vice versa.
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are estimated. Further, in order to estimate time-dependent, vehicle- and link-specific422

emissions from motorbikes and other vehicle types, the EMT is extended to heterogeneous423

traffic conditions. Thereafter, the emissions11 are calculated for all three scenarios.
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Figure 5: Absolute emissions for Patna BAU scenario.
424

5.4.2. Absolute emissions for BAU425

Fig. 5 shows the emissions from car and motorbike for thee BAU scenario. Although426

emissions per km are higher for car than for motorbike (e.g. 200, 83 gCO2/km for car427

and motorbike respectively), the emissions from motorbikes are significantly higher than428

the emissions from car due to the higher modal share of the motorbike. An important429

observation is that the NMHC from motorbike is approximately 95% of the total NMHC430

because in contrast to other pollutants, motorbikes produce significantly higher NMHC431

emissions than cars.12 The estimated emissions from car and motorbike (e.g. 0.49, 0.11432

gNOx/km) are in line with the literature Goel and Guttikunda (2015).433

5.4.3. Changes in emissions for policy measures434

The % change in emissions for the two policy measures (BSH-b and BSH-mb) are435

shown in Fig. 6. The values are relative to the business as usual (BAU) scenario. For the436

11For the Patna scenario, Handbook Emission Factors for Road Transport (HBEFA; http://www.hbefa.
net) version 3.2 is used. For motorbikes, it does not provide (a) the cold start emissions and (b) PM
emissions. Thus, PM emissions are not shown in the analysis.

12 The NMHC emissions from 2-stroke motorcycles are significantly higher than 4-stroke motorcycles
Tsai et al. (2000). Therefore, it is likely that in the Indian context, the motorbike emissions estimated in
this study are underestimated.
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Figure 6: Change in emissions (in %) for the BSH-b and BSH-mb scenarios with respect to BAU scenario.

BSH-b scenario, all emissions are decreased significantly. This is a positive effect of higher437

bicycle share and lower motorized traffic (see Tab. 4). Further, in BSH-mb scenario, a438

significant reduction in emissions for car mode is observed. However, the increase in the439

share of motorbike yields an increase in the emissions for motorbike. Interestingly, overall,440

total emissions is still lesser than the BAU scenario except NMHC. The share of NMHC441

emissions from motorbike is approximately 95% in the BAU scenario and an increase in442

the share of motorbike for BSH-mb scenario increases the total NMHC emissions.443

To summarize this, the BSH-b policy measure reduced the emissions driven by sig-444

nificant higher share of bicycle and lower share of motorized vehicles. In the BSH-mb445

scenario, the increase in the share of motorbike increases the emissions from motorbike446

but the overall emissions decreases with an exception for NMHC emissions.447

5.4.4. Spatial distribution448

Fig. 7 shows the spatial distribution of NO2 emissions.13 Fig. 7a shows the absolute449

emissions (in g) for BAU scenario. The emissions on all major streets, “Gandhi Setu” are450

high. Figs. 7b and 7c show the change in NO2 emissions with respect to BAU scenario for451

BSH-b and BSH-mb policy measures respectively. An increase in emissions is indicated by452

red hexagons, a decrease in emissions is indicated by green hexagons and white hexagons453

denotes very minor change in NO2 emissions. From the spatial distribution plots, it can454

13Similar to a previous study (Agarwal and Kickhöfer, 2016), for illustration purposes, the emission plot
only shows NO2. For the visual presentation, a Gaussian distance weighting function is used to smooth
emissions. Uniform hexagonal cells of size 100 m are used for this purpose. The smoothing radius is
assumed to be 100 m. In contrast to Kickhöfer (2014) which assumes the emissions at the centre of the
link, the emissions are linearly distributed on the link. For more information on the exact visualization
procedure, please refer to Appendix A in Agarwal (2017).
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Figure 7: Absolute NO2 emissions (in g) for BAU scenario and change in emissions (in g) for BSH-b and
BSH-mb policy measures. The values are scaled to full population.

be observed that emissions on most of the portion of major streets decreases. This is an455

effect of decrease in the share of motorized vehicles. The decrease in NO2 emissions on456

major arterials is more significant in the BSH-mb scenario due to capacity relief effect457

(dark green hexagons). In BSH-mb scenario, a significant increase in the emissions on458
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the bicycle superhighway can be observed. This is the result of allowing motorbikes on459

the bicycle superhighway. Thus, BSH-b policy measure reduces emissions significantly460

(approximately 18%; see Fig. 6) mainly from the inner city. In contrast to this, BSH-mb461

policy reduces total emissions by only about 5% (see Fig. 6), and mainly increases the462

emissions in the inner city. The latter is undesirable which directs to impose a strict463

policy measure to reserve superhighway exclusively for bicycle only.464

5.5. Accessibilities465

5.5.1. Computation approach466

Quantitative computations of accessibilities can be used as a comprehensive and effi-467

cient planning instrument and are seen as a potential alternative or supplement to tra-468

ditional planning tools (Ziemke et al., 2017). In contrast to typical infrastructure assess-469

ment instruments, which are mostly based on travel alone (like measuring and monetizing470

changes in travel times, highway levels of service, or delays), accessibilities focus more471

strongly on the actual needs of individuals and households.472

The quantitative accessibility value of a given location is determined both by the473

patterns of land use and by the characteristics of the transport system. Thus, measures474

of accessibility usually consist of two components, a land-use (or activity) component475

and a transport component: The land-use component reflects the spatial distribution of476

opportunities and is characterized by both the amount and the location of different types477

of activities. The transport component reflects the ease of the travel between locations.478

Accessibilities, i.e. the interplay of land use and transport, determine how well needs479

of individuals for certain services can be fulfilled. The accessibility Ai of a location i480

computed as481

Ai = 1
µ
ln

∑
j

e−µCij , (3)

where j is opportunities somewhere in the study area and Cij is the generalized costs482

of travelling from i to j. This is an econometric accessibility measure (sometimes also483

referred to as utility-based measure) (Ziemke et al., 2017). Its value equals as the sum484

over the utilities of all opportunities reachable from that location including the costs of485

overcoming the distance.14
486

5.5.2. Changes in accessibilities for policy measures487

To evaluate the effects of the proposed bicycle superhighways, accessibilities to edu-488

cation facilities are computed.15 Education facilities are chosen because such facilities are489

relevant for almost all socio-economic groups of the population.490

Fig. 8 shows the accessibilities of education facilities by bicycle in the BAU and BSH-491

b scenarios as well as corresponding accessibility changes between these two scenarios.492

Since accessibilities are computed based on free-flow speeds on the network, accessibilities493

are under this assumption the same for the BSH-b and BSH-mb scenarios. In reality,494

they may differ because travel times on the network change based on congestion in the495

network, which is different for the BSH-b and BSH-mb scenarios.496

14 Please refer to Ziemke et al. (2017) for a mathematical justification of Eq. (3) (also known as the
logsum term) and for technicalities of the computation of accessibilities within the MATSim transport
simulation framework.

15 The location of educational facilities for Patna is extracted from Google places using a web based
API.
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(a) Accessibilities of education facilites in BAU scenario.

(b) Accessibilities of education facilites in BSH-b scenario.

(c) Accessibility changes of education facilites in BSH-b scenario with respect to BAU.

Figure 8: Accessibilities of education facilities by bicycle in BAU and BSH-b scenarios and accessibility
change in BSH-b scenario with respect to BAU (red colours denote low accessibilities, while blue colours
denote high accessibilities (or an accessibility increase). Background map: c©OpenStreetMap contributors
(http://www.openstreetmap.org).
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Fig. 8a depicts the accessibilities to education faculties by when travelling by bicycle497

for the BAU scenario. It can be seen that accessibilities are highest near central and498

eastern part of Ashok Rajpath (depicted in blue colours).499

Fig. 8b shows accessibilities to education facilities for the BSH-b scenario and Fig. 8c500

shows the change in accessibilities of education facilities for the BSH-b scenario with re-501

spect to the BAU scenario. It can be seen that accessibilities to education facilities for502

bicyclists has improved significantly. Areas of low education accessibility (red-coloured503

areas) have become discernibly fewer, while much more areas are associated with good504

education accessibility (areas depicted in blue). Importantly, not only areas in close vicin-505

ity to the proposed bicycle superhighway are positively affected, highlighting the positive506

city-wide impact of the bicycle superhighway. Similar to the educational facilities, the507

accessibilities for other facilities are also likely to increase which highlights the importance508

of the bicycle superhighway.509

6. Conclusion510

Bicycle is an environmentally sustainable transport mode which can be used as the511

main transport mode as well as the feeder to mass public transit systems. However, in512

many parts of the world, it is becoming unattractive due to insufficient and/or unplanned513

infrastructure. In this direction, this study proposed a physically-segregated bicycle super-514

highway in an urban agglomeration particularly, if the share of non-motorized transport515

modes is very high. In order to find the optimum number and locations of the con-516

nectors between superhighway and existing network, an efficient approach was proposed.517

Household income of individual traveller plays an vital role in the decision making process518

notably in the developing economies where many users are captive to cheaper alternatives.519

Therefore, the income levels were incorporated in the utility function.520

To evaluate the impact of the bicycle superhighway, a case study of Patna, India was521

considered. The application of bicycle superhighway to Patna illustrated huge potential522

to increase in the bicycle ridership. Allowing only cyclists on the bicycle superhighway523

increased the bicycle share as much as 48%. However, allowing motorbikes also on it,524

narrowed the increase in bicycle share to 44%. A detailed mode-switcher analysis showed525

that captive users (walk, public transport) as well as other motorized transport mode (e.g.526

motorbike) users switched to bicycle mode. Further, a marginal mode-switch from car527

to bicycle was observed. This essentially featured the increased attractiveness for bicycle528

travel mode from low-middle income households.529

This study has extended an emission modelling tool to estimate the vehicle- and530

time-dependent emissions under mixed traffic conditions. Total emissions decreased sig-531

nificantly if only bicycles are allowed on superhighway and, marginally if both bicycles532

and motorbikes are allowed on it. However, a spatial analysis exhibited that a bicycle533

superhighway reduces emissions significantly as long as motorbikes are restricted on it.534

This emphasized the requirements of strong law enforcements or other measures to re-535

strict the usage of superhighway for bicycle and cycle-rickshaws only. A computation of536

accessibilities as a policy-assessment tool that is oriented on the actual needs of individ-537

uals, showed positive effects of the proposed bicycle superhighway on the accessibility of538

education facilities. Interestingly, it could be observed that large areas of the city, in539

particular also areas that are not located in the direct vicinity of the new infrastructure,540

are positively affected.541

This study made an attempt to show the potential of increase in the bicycle share542

which is important for a low carbon urban transport. Such insights are useful for agencies543
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to make decisions regarding transport policies. However, along with provision of infras-544

tructure, to increase the share of bicycle, significant efforts are required to change the545

negative or neutral perception of the travellers (Gatersleben and Appleton, 2007). For546

instance, a mandatory program in schools to promote the bicycle usages because children547

have higher positive perception about cycling than adults (Verma et al., 2016). Similarly,548

introduction of voluntary programs to train the adults, seniors, new residents, etc. is likely549

to accumulate more cyclists (Buehler et al., 2016; Pucher and Buehler, 2008).550
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