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1.0 Introduction

The topic of this PhD research is “Incorporating Feeder Bus Networks into Bus Rapid Transit (BRT) Development and Deployment Planning: Case Study of East London Transit.” The work aims to predict the demand and acceptability of such feeder bus networks that complement the trunk system. The research also aims at analyzing the existing innovations in microbus networks to develop a concept suitable for the London context. The concept would then be presented and tested on the proposed East London corridor using the EMME 2 model. This paper will be presenting the research question, framework and methodology without presenting results from the model runs, since the work is still in progress.
2.0 What is BRT?

BRT is a high speed bus system operated within an exclusive right-of-way. BRT incorporates exclusive transit ways, limited stops, boarding platforms, passenger information systems, traffic signal priority for transit, modern stations, off-board fare collection, high-tech vehicles and frequent service. Passengers using these buses that run on the main corridors (trunk) can transfer to feeder lines at designated stops or terminal stations. BRT combines the quality of rail transit and the flexibility of buses. It can operate on bus lanes, HOV lanes, expressways, or ordinary streets. To reduce travel time and to provide faster service, BRT may also incorporate ITS technologies that provide guidance for berthing, lane width control, and/or route divergences.
3.0 East London Transit 
East London Transit (ELT) is a Transport for London (TfL) BRT project that will provide an improved transport service between Ilford and Dagenham Dock Station via Barking Town Centre and from Barking Town Centre to Gallions Reach. ELT will be a bus based transit scheme using the latest technology and significant improvements providing: 

· Fast, frequent and reliable services 

· "Real time" travel information 

· Fully segregated busways and intensive bus priority measures 

· Latest vehicle technology 

· New, modern stops with shelters 

The service will connect to National Rail, London Underground and Docklands Light Railway (DLR), as well as other local bus services. The ELT service from Ilford to Dagenham Dock station is expected to start operation in early 2008, and the service from Barking Town Centre to Gallions Reach is expected to start by 2012.  TfL is working with the London Boroughs of Newham, Redbridge and Barking and Dagenham to develop these ELT phases. 

TfL’s design does not include feeder buses as part of the Bus Rapid Transit System, although these routes are the greatest challenge to inclusive BRT systems. Feeder buses open up opportunities outside the local area: the purpose of these networks is to connect passengers into the BRT corridor, thus increasing the catchment area of the BRT and expanding the network. TfL’s plan targets people within 300m from the trunk route, while feeders could bring in residents within 2km. Another important reason is improving accessibility; in order for public transport to compete with the private car, it should be able to provide as much as possible a door-to-door service. The spacing between trunk stops results in high walking distances for a significant percentage of the population. Research in Calgary Canada (O’Sullivan & Morrall, 1996) indicates that people walk a further distance to LRT or BRT than that to bus stops, however it was still around 400 m (or 5 minutes).More that 25% of LRT riders in Calgary are pedestrians. In Bay Area Rapid Transit in San Francisco and LRT in Edmonton and Ottowa, Canada walking accounts for more than 50% of the access mode from distances up to 600m, beyond that the bus becomes the dominant access mode. This major challenge must be overcome to develop a Bus Rapid Transit system with seamless accessibility to both feeder and trunk lines. 
4.0 Interchange

Proposing an accessible system that collects passengers at their doorstep but requires trading off with an interchange, requires a deep understanding of how people perceive and value interchange. Literature has conflicting views on the value of interchange. It depends on the interchange environment, type of person and many other factors. 
Interchange in transport can be roughly defined as any change from one vehicle, or from one mode to another during the journey (Stokes and Parkhurst, 1995). On a frequently made journey for which interchange is used, and is seen to work people may see the advantages offered by higher frequency elements of a journey, while for an irregular journey a person may not feel reassured until they are on the last leg of their journey to their destination stop or station.

For interchange not to be viewed as a penalty in a public transport system it should be made easy with information clear, simple and readily available at the interchange points, and waiting times minimised  and made pleasant. The National Travel Survey indicates that a high proportion of bus journeys in London involve interchange. This could be explained by the fact that the majority of passengers (around 70%) hold travelcards and thus incur no financial penalty at an interchange. In addition, the size of the city implies that many journeys would be likely to require an interchange (White, 2002). 
The literature review on similar available systems such as “feeder/trunk” systems operating in South America that require passengers to transfer, provide an example of interchange and how researchers define it and determine whether it is a penalty or not. 

The systems of Bogotá and Curitiba were closely examined since they prove to be amongst the most successful cases studied. Various Discrete Choice Models were used to assess Transfer Penalty using different data sets:

· Binary Choice Models (Han, 1987)

· Logit Model of Transit Route Choice (Hunt, 1990)

· Multinomial Logit model by Central Transportation Planning Staff (CTPS) to estimate transfer effects on the modal choice between transit, single-occupant vehicle and shared-ride using household travel survey data for the Boston region 

· Stated Preference Surveys (Wardman el al, 2001)

· GIS-based Disaggregate Modelling Approach (Guo and Wilson, 2004)

A major finding of the literature review is the need to estimate a value of transfer penalty for BRT systems. A high degree of variation in the approaches used to measure transfer penalties was also identified. There is a need for a quantitative method to measure the interchange penalty that does not depend on survey data or the description of a completed journey. That let to the idea of developing a microscopic simulation of the interaction of feeder/trunk buses at the interchange station, from both the passenger and operator perspective to quantify the interchange penalty of the system. This allows concepts learnt from revealed and stated preferences to be tested and incorporated into the model as well as assumptions to be tested. In later stages of the research, the resulting value of the interchange penalty would be used in the assignment model and later analyzed for evaluating the benefits of the new system.

5.0 The Simulation Model 
To model interchange a simulation approach was adopted. This is because the research considers a variety of movements of people in the evaluation, and the interest is in the output of the interactions between the infrastructure facilities (environment) and pedestrians. A simulation may be suitable for this situation. The simulation is a microscopic pedestrian simulation, where each pedestrian could be modelled separately. Each pedestrian or group of pedestrians have unique properties, such as walking speed, boarding/alighting time, distance between them in a queue and walking pattern. The targeted facility, a station where feeder/trunk buses meet, consists of two platforms, a crossing facility and the 2 way streets between them.
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Figure 1: Schematic representation of the interchange facility

The model follows pedestrians as they make movements through the system, and calculates the objective time required to complete each interchange. Tables 1, 2 and 3 list the assumptions made regarding the operation of the system, the trunk buses and the feeder buses, respectively.

Table 1: Assumptions of System Operation
	Maximum Deceleration rate of Trunk Bus (m/s2)
	4.91

	Initial Speed of Trunk Bus (km/hr)
	40.00

	Initial Speed in (m/s)
	11.11

	Emergency Time to stop (s)
	2.27

	Minimum time to stop  (s)
	4.73

	Distance to stop (m)
	12.58

	Width of Street (m)
	7.00

	Length of Trunk Bus (m)
	18.00

	Width of Trunk Bus (m)
	3.00

	Width of Crossing (m)
	4.00

	Reaction time (s)
	1.00

	Reaction distance (m)
	11.11

	Actual stopping distance (m); from DfT
	40.00

	Deceleration rate of driver (m/s2): dec=0.25*9.8
	2.45

	Distance from crossing to stop (m)
	17.00

	Distance to stop at 1/4g (m)

= 0.5*dec*time 2 + time* initial speed
	25.20

	Waiting time (s) at crossing for 1st bus to cross

= actual stopping distance /speed + (41-distance to stop at ¼ g)/speed + min time to stop

41: is the width of crossing(6 m)+width of bus(18m)+ distance from bus stop to crossing (17m)
	9.75

	Waiting time (s)  for second bus from other side to clear

=(actual stopping distance + width of crossing+2) /speed
	4.14

	Platform Width (m)
	3.00

	Walking Speed (m/s)
	1.00


Table 2: Assumptions about Trunk Buses
	Passengers do not pay unless they haven’t used feeder buses 

	Boarding Time (s)
	1.5

	Alighting Time (s)
	1

	Number of Doors
	3(2 channels/door)

	Distance between stops (km)
	5

	Time between stops (min)
	7.5

	Type of Operation 
	Overtaking allowed, traffic not affected by pedestrians

	Dead Time (s)
	6 (for doors to shut)

	Frequency of Buses
	20 buses per hour

	Headway
	3 minutes

	Internal Delay 
	0

	Capacity
	150 


Table 3: Assumptions about Feeder Buses

	Passengers pay to board (either off-board, or smart card) 

	Boarding Time (s)
	2.5

	Alighting Time (s)
	2.1

	Number of Doors
	2 (1 channel/door)

	Dead Time (s)
	4

	Headway of Feeder (min)
	6

	Capacity
	34


To calculate passenger service time, the following percentages of boarding/alighting passengers are adopted for the trunk buses: 

	
	Door 1
	Door 2
	Door 3

	 Boarding
	40%
	30%
	30%

	 Alighting
	10%
	45%
	45%


For the feeder buses: 100% are assumed to board from the front door and 100% to alight from the back door.

The passenger service times = boarding (alighting) rate × number of passengers

· Average for Trunk = 34 sec
· Average for Feeder = 52 sec
Table 4 summarizes the objective value of interchange (in seconds) between the four types of buses:

Table 4: Objective Interchange Values (in seconds) 
	Feeder1 to Trunk2
	Feeder1 to Trunk1
	Trunk2 to Feeder1
	Trunk1 to Feeder1

	320
	208
	452
	340


TfL in their modelling, do not have such an objective value for the interchanges but instead have a standard 8.5 minutes as a Boarding Penalty to represent the inconvenience of transferring to any other bus (2.5 minutes is used for rail: light rail, underground and national rail). When compared to changing between buses, the movement between the underground and rail services in a major station requires more walking, use of escalators/lifts/steps, as well as time in finding directions/timetables. Therefore, this 8.5 minutes penalty is too high for a well-designed feeder-trunk connection, especially within a station that offers such interchange across a platform. 
Nevertheless, in the areas where the ELT will start operating, there are no other direct services available, thus residents do not have the option of interchange or not, so they should see the system as one package, feeder plus trunk. Penalty as a concept does not apply in this context. Their perception of the system as one integrated package is important, as the case for passengers using the underground they are choosing an integrated system and not a combination of routes. Interchange taking place on the tube is not thought of as a penalty when making a journey, for buses however; the service is perceived as lines and thus the idea of changing into another vehicle makes it seem like a penalty. I believe that for the BRT system interchange should be seen as part of the system and both feeder and trunk as components of one system.

When running different scenarios of the feeder parameters on the EMME2 Model to test the resilience of the model to changes in interchange values the following three cases will be tested:

· 0 penalty; using the objective interchange value only

· 2.5 minutes added to objective value (treating BRT as rail) 

· Adopting TfL’s original interchange penalty of 8.5 minutes 

6.0 The differences between Feeder and Trunk Buses
Table 5 summarizes the main differences highlighted so far:
Table 5: Feeder vs. Trunk Buses 

	Feeder Bus
	Trunk Bus

	Smaller size: fewer passengers
	Normal capacity

	Drive on secondary roads and residential areas
	Drive on Main Road

	Travel short distances
	Line haul travel

	Less formal stops
	Formal stops/stations

	Lower frequency
	Higher frequency

	Mix with traffic
	Right of way (busways)

	Distance between stops (200-300m)
	Distance between stops (500m)


As for the conditions for a feeder to work, so far the following were found:

· An area with Poor public transport; low Public Transport Accessibility Levels (PTAL)

· High percentage of households with no access to car (captive riders)

· Low population density area or new development with high population density but with no service at present
· Proximity to a reliable, high frequency service (like tube, train or BRT)

· Concentration of trip origins or destinations: residential, commercial or industrial 

The areas found in the boroughs that match the mentioned criteria are:
· In Newham Council: Wallend, Beckton

· In Redbridge Council: Clementswood, Loxford, Mayfield
The same exercise will be repeated to identify areas in Barking & Dagenham Council.
5.0 The Modelling
Railplan 5.0 is a detailed assignment only network model used by TfL for analyzing how people get from A to B. It does this for London and the South East, although the level of detail in the model reduces outside of Greater London. The 4 stages of the modelling process, generation, distribution, mode choice and assignment generally follow reality. Travellers only decide which route to take (assignment) after deciding to make the trip in the first place (generation), and where to go (distribution) and whether to drive (if it’s an available option) or travel by public transport (mode choice). 

Railplan carries out the final stage of the 4-stage modelling process- assignment. The first 3 stages of the modelling process are undertaken in the London Transportation Studies Model (LTS). Railplan has a more detailed representation of the public transport network than LTS and is much quicker to run than a full run of LTS. Given this, LTS is used to undertake the first 3-stages of generation, distribution and mode choice and the demand matrices generated by this are then assigned in Railplan. Major changes that are likely to lead to significant shifts in the number, distribution or mode of trips need to be re-run through LTS. Smaller scale ‘optioneering’ type scenarios can be tested in Railplan alone. An assignment model requires representation of both the demand for and the supply of transport.

The Railplan 5.0 (EMME2-based) model will be used to run the feeder routes specified in relation to ELT. TfL’s Railplan model requires specifying: 

· start/end of route

· links: street network on which feeder bus route travels

· nodes: location of bus stops

· frequency of operation
· interchange/transfer penalty (if any)
· feeder/trunk timing coordination

The decision on route and bus stop locations was based on the available data from the Local Authorities (Census 2001 to the ward level) which includes demographic and socioeconomic data, car ownership levels, method of travel/time to travel to work, type of employment and employment levels. The data also contained the new developments planned and/or expected in the area. This will be used to model generated demand on the ELT by the use of the feeder buses. The distinction in Railplan model however is that for existing origins/destination, there will be only a mode shift to ELT, but for new developments there will be a shift in origin and these would be deducted from zone totals.
6.0 Future Work
Once the feeder/trunk design is developed and tested on EMME2, the last step of the research is to conduct Focus Groups/Questionnaires with residents of these areas; any research into the need for group transport should involve the community. The consultation will take place with potential users of the proposed transport service to find out about their transport needs and expectations. 
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