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The Bus Rapid Transit (BRT) mode is based on Bus technology which is trying to supply a Rail level of service. Many of the BRT supporters hold the assumption that  attractiveness of a transit mode is determined by its level of service and not by its technology or visual appearance. The simplest methodology of checking this argument  would be exploring a transit corridor where Bus and Rail supply the same level of service. The problem of this methodology is the rareness of this corridors type and lack of data collected. The Haifa-Tel-Aviv corridor (Israel) is such a corridor where Bus and Heavy rail supply a similar level of service along the corridor. Apparently, most passengers (92%) use the Rail mode. A special passengers survey was performed in the intermodel Bus-Heavy Rail station in Hof Hakarmel which is the only departure point of Buses to Tel Aviv and one of three stations (and with the largest number of passengers) of heavy Rail in Haifa. The assumption that level of service is only that maters was found to be problematic. Almost all passengers who face a trip of an equal Rail-Bus time choose Rail. Most of the passengers point that Rail comfort is the main reason for choosing Rail, even though it is more crowded and less private.
 A BRT concept should deal not only with its physical characteristics and level of service but also with psychological factors that will create a feeling of comfort and involvement among passengers. Assuming that time and reliability of service is the only factor that matters, may lead to a transit mode with high level of service, but low passengers demands.  
Bus Rapid Transit (BRT) is a concept rather than a new technology. The main idea is to improve bus service by trying to mimic rail attributes: Own right of way, clear route, vehicle appearance, ITS tools and others. The argument of this concept is as follows: The attractiveness of a transit mode is determined by its level of service and not by its technology or visual appearance; therefore, supplying a Rail level of service by Bus (travel time, reliability etc.) will lead to the same ridership as Rail. 

Researchers use several methodologies in exploring attractiveness differences between Bus and Rail. Those who explores the Mode Specific Constant (MSC) usually find higher values for rail modes (1-3), but there are also evidences of no difference  (4,5). Other use descriptive statistics results trying to analyze whether an attractiveness difference is found when comparing existing Bus and Rail networks. Some support for a higher demands for rail networks (6-7) while other argue for no difference (8).

The simplest methodology of checking the existence of difference  would be exploring a transit corridor where Bus and Rail supply the same level of service. The problem of this methodology is the rareness  of this corridors type and lack of data collected (5). 
 This paper summarizes a research conducted on a selected corridor (Haifa – Tel Aviv) where Bus and Heavy Rail supply relatively the same level of service. The paper is divided to three sections:

1. A literature review on the research efforts of trying to solve the question whether there is a difference between Bus and Rail attractiveness.
2. A description of the transit corridor between Haifa and Tel Aviv and a comparison between the level of service given by the two transit modes serving it: Bus and Heavy Rail.
3. A description of the mode split of transit trips between Bus and Rail on this corridor.

4. A detailed analysis of  the survey conducted among heavy Rail and Bus passengers at the departure station.

Literature review:

This section will explore the research made in order to determine whether there is a basic difference between Rail and Bus attractiveness. The review will bring evidences of both side of the argument and will show the weaknesses of the methods used.

The evidences can be divided to two groups: 

1. Descriptive statistic based evidences – Based on analysis of passengers behavior and statistic data collected in existing areas served by transit.  

2. Model estimation based evidences - Based on transportation model results relating Bus and Rail modes.

Researches support the existence of difference between Bus and Rail attractiveness usually base their argument on transportation model results. The common transportation model includes a mode specific constant (MSC) for every mode included in the choice set. This variable includes all the explained behavior which is not included in the variables; i.e. the power explanation of variables which are not included among the model variables  - variables which are difficult to evaluate (as comfort, irrationalized behavior, ec.). This variable can be seen as representing the pure effect of  a mode attractiveness un-related to the level of service explained by the regular variables used in the estimation. Some selected results are summarized in table 1:

As seen in the table, transportation model usually shows higher values of Rail MSC's compared to Bus MSC`s:

1. Tel-Aviv (Israel) metropolitan area: A nested logit model based on Revealed Preferences (RP) and Stated Preferences (SP) surveys for Rail modes (LRT, Metro and Heavy Rail) compared to Bus (9). A Cross Nested Logit model of the same area based on an RP data for the heavy Rail compares to Bus (10).
2. Melbourne-Sidney corridor (Australia):  Probit and Mixed Logit models based on RP data. 

3.  Baltimore (usa) metropolitan area:  On several Multinomial Logit and Nested Logit models developed based on two RP`s and one  SP surveys, for Rail modes in almost all models (3).

4. Seoul (Korea) Metropolitan area: In several multinomial and mixed logit models based on an RP and SP surveys for an existing heavy  Rail compares to Bus (1)
5. Karachi (Pakistan): In a multinomial logit model based on an SP survey for a future magnetic train compares to the existing Bus (2).

The weakness of an MSC investigation is that transit modes in the choice set do not supply the same level of service. Passengers attitude toward Metro mode should be more positive if it supplies a better service compared to Bus; Therefore higher Rail MSC can be explained by a better level of service and not by a technology attraction. The real examination should be between modes that supply the same service in the same area.
Other evidences based on descriptive statistic argue that when examining trends of transit usage in the USA in the 20`s century it is seen that passengers demand for Rail systems is higher compared to Bus systems.  The ratio of captive passengers is higher in Bus systems; i.e rail systems succeed in attracting passengers of higher socio economic background that don’t use Bus (6), (7) .
Among researches which argue that there is no difference between Bus and Rail attractiveness and it is only a function of the level of service, there are few who are using a model based evidence. Ben Akiva and Morikawa (5) found that among  several transit corridors that were examined, the corridor where Rail and Bus have a similar level of service shows a similar MSC  for Bus and heavy Rail, but only for households which do not own a private vehicle.  

Currie (4) shows that when comparing Brt and Rail MSC`s  BRT average MSC is found to be higher.  The weakness of this research is the different areas where these system are operated. The passengers attributes and competing transit modes are not controlled.

Other researches using descriptive statistic evidences shows that :

1. The main variables affect Bus attractiveness among Bus passengers are the level of service variables (8).

2.  Data from Istanbul shows that a Bus service competing with the new Metro system takes significant share of passengers (11)
From the evidences given it is impossible to conclude about Rail and Bus attractiveness. The weakness of this evidences are:

1. They do not check modes with the same level of service. The differences between Bus and Rail MSC`s can be explained by the difference in passengers attitude caused by the different level of service supplied.
2. Comparing MSC's from different areas doesn’t take into account the effect of the different areas and transport environment. Passengers attitude should be different in areas with transit use tradition compared to areas with mostly car use. The descriptive evidences can be interesting but are far from giving a sharp proof,
because of comparing two modes when other transport modes and passengers characteristics are not controlled.

It has been argued that the rareness of corridors where Bus and Rail modes supply a similar service, and the lack of data on these corridors, make it difficult to investigate Bus and Rail attractiveness (5). In the next section one corridor of this type will be described, and in the third section, results of data collected in this corridor will be demonstrated. 
Research approach

The main part of the approach was aimed into finding a corridor where Bus and Rail supply the same level of service. The Haifa-Tel-Aviv corridor was found to be appropriate for the investigation. No Intra-Metropolitan service was found to be appropriate for the investigation. 
As Tel-Aviv metropolitan area being the center Business district in Israel (Tel- Aviv city is the second large st with 350,000 residents) and Haifa being the only metropolitan area in the north of Israel, (Haifa city is the third in large in Israel with 250,000 residents) significant number of trips are made between them. Except for the last 15 years, Bus was the main transit mode connecting those cities while Heavy Rail service was poor. In the last 15 years, development in the Heavy Rail  service, led to a creation of corridor with two competing transit modes: Bus (Operated by Egged company) and Heavy Rail (Operated by Israel Railways).
The service:

  This chapter will show that Bus and Heavy Rail service are similar in this corridor. A description of the service is shown in Figure 1. The two routes are parallel and close to each other; Along most of the alignment the distance between the two routes is not more than 1 km, where the maximum distance (in Quesariya) reach 4.5 km. The Bus route is a bit longer (91km) compared to Rail (89 km).  Bus number of stations along the corridor is a bit higher (15 vs. 12) but most of them (10) are alighting only stops, in Herzeliya and Tel-Aviv. The interurban heavy Rail service stops at 7 stations, Passengers going to the 5 stations served by suburban service only are forced to transfer in Binyamina station. Most areas along the corridor are served both by Heavy Rail and Bus with distance that doesn’t exceed 2 km (see Figure 1) .  The Binyamina-Quesariya area  is served by heavy Rail only. The Bus supply a wider service in Hertzeliya and Tel Aviv. 
Time: The heavy Rail uses its own right of way while Buses use the main highway connecting Haifa and Tel-Aviv (Road No. 2). Inside the Tel- Aviv city route the Bus enjoys a dedicated lane right of way, yet in the morning rush hour (between 7-9) congestion on the highway north to Tel Aviv might slow it down. Except for these two hours, the Bus is a bit quicker to most cities between Haifa and Tel- Aviv (Hadera, Netanta, Herzeliya) because destinations in the suburban Rail stations force a transfer. The Rail serves one area (Binyamina-Quesariya) which is not served by Bus (see Figure 2). The heavy Rail is a bit faster to Tel- Aviv but is remote from many developed areas (the Rail rides in the middle of the highway – Netivey Ayalon). On the other hand Bus stops location makes the total door to door trip faster or the same for Bus for many city areas including the Historical CBD in Rotschild street.  (see Figure 2). 
Frequency: During most of the day (8:30 to 17:00) frequency of Bus and Rail is the same (30 min headway) ( see Table 2). Rail frequency early morning and late evening is higher (every 20 min vs. 30 min in morning peak hour, every 30 min vs. 40 min in the evening).
. Price: Bus and Rail trip cost are almost equal (6% difference, which is parallel to 5 min of an average working hour). The combined local-intercity trip by Bus is 11% lower (see Table 2). Another variable that affect the results is the large number of the "Egged" and "Dan" (The 2 main bus-operators companies in Israel) worker families, who enjoy a free ride.
Comfort: comfort is difficult to determine and compare. The heavy Rail has wider seats which are placed in groups of 4 seats around a table. Because the Rail is very Busy usually most seats are occupied so privacy and leg space is lacking. Bus has smaller seats which are placed in doubles in two rows. A private seat of two places is actually guaranteed for passengers using the Bus because of low occupancy, so Bus privacy is better than Rail. 
Mode split
As shown in the previous chapter the service supplied by Rail and Bus in Hof Hakarmel station to Haifa-Tel Aviv corridor is similar. It is expected that mode split between them will be balanced. As seen in Figure 3 Rail takes almost all passengers at Hof Hakarmel station. The data is based on Israel Railways counts (2005) and an average of 15 passengers a Bus as was counted in the survey (no Bus counts were available). 
The results show no compatibility between transit service and the mode split. In order to analyze the passengers behavior a survey was conducted in the Haifa Hof Hakarmel intermodel station

The survey
A special survey was performed in the intermodel Bus-Heavy Rail station in Hof Hakarmel which is the only departure point for Buses to Tel Aviv and one of three stations (and with the largest number of passengers) of heavy Rail in Haifa. The survey was conducted between 9-15 in order to eliminate the two morning peak hour congestion factor. The idea behind the survey is that passengers use the inter-model station has a choice between two transit modes with a similar service: The departure from the same station, in the same frequency, same cost, similar time (depends on the destination), similar service (small number of stations) and with compatible comfort. Because the service is similar it is expected that the mode choice and passengers behavior would be similar.
The survey was conducted on the Heavy Rail platform and in the Bus waiting area. It should be noted that there was a problem in both surveys for passengers arrived the station late and did not have the time to fill the questionnaire. This may be some non response bias.  A total of 101 questionnaires were collected on Heavy Rail station and 107 questioners on Bus waiting point. 
Results
Economic class
The Economic status was determined in the survey by 2 variables: Income (Passengers were asked about their salalry if it is lower\the same\higher compares to the average salalry) and car ownership in the household. 
Economic status of Bus users is lower then Rail users. Nearly two thirds of Bus passengers earn under the average income (63%) compared to less than a half in Rail (43%). Nearly  a third of the Bus users (30%) do not own a car (only 12% in Rail) and only one quarter (27%) have 2 or more vehicles in the household compared to more than a half (57%) in Rail. Rail attracts wealthier passengers while Bus passengers are more captive. 
Attraction from car trips
The passengers were asked if a private vehicle was available for the trip they chose to make by Bus\Rail. Comaprison between Bus and Rail availability is given in Table 5:
Car availability share among Bus passengers is half compared to Rail. More than half of the Rail passengers declare they chose to make the trip by Rail even though they had a private vehicle available. The results are supported by the access mode to the station shown in Table 6:
Nearly one third of Rail passengers, those who make a p&r access has a private vehicle availability. Assuming that a large share of those who made a k&r access and some of those who came by other modes had a private vehicle availability, leads to the large share of car availability shown in Table 5.  Only one fifth of the Bus passengers came by private vehicle (divided equally between p&r and k&r). Most of Bus passengers (77%) made a Bus access compared to less than a half (45%) in Rail. It should by noted again that Bus and Rail station are adjacent so there is no geographical reason for the large differences in access mode.

Passengers satisfaction of the transit mode 
Passengers were asked to indicate the reason they selected to make the trip by the chosen transit mode and not by the competing one. This was an open question and the results were grouped into categories. It should be noted that passengers could note more than one reason so the total is more than 100%.
Two main reasons were mentioned by Rail passengers for preferring it: Comfort and time. As explained above Bus and Rail total door to door time is similar for most destinations. Rail has wider seats but is much noisier. Bus has better privacy for being half empty. A significant share of passengers declare they have a basic attitude preference (prefer with no special reason) for their transit mode (16% for Rail 10% for Bus). There is a large number of Bus passengers who enjoy a free ride. Most of them comes from households which one of them work for one of the  two largest Bus companies in Israel (Egged or Dan), and some are passengers going for a reserve military service where a free Bus ticket is supplied. The large share of free riders among Bus passengers does not mean that there is an enormous number of  Bus employees families in Israel, but rather a reflection of the small number of Bus users in this route which make the free riders share so high.

  It should be noted that in spite of the problematic security situation in Israel, safety is a minor reason in both modes.
Passengers were asked to evaluate their chosen transit mode compared to the competing one in some service characteristics, from 1 (the other mode is much preferred) to 5 (the chosen mode is much preferred).

The Rail passengers satisfaction is higher compared to Bus. Their satisfaction is high especially for accuracy, efficiency (of the time usage in the transit mode) and comfort. Bus passengers evaluate a but more their privacy and closeness of the alighting stop to the destination. 
Time saving to destination 
The origin and destination of each trip was known and  door to door travel time was compared among the two modes. The rules of decision were as follows:

Shorter for Bus: 
1. Destinations in Olga, Natanya and Herzeliya where egress mode is not a private vehicle

2. Destinations in Tel Aviv located within a walking dustabce from stations which are located far from Rail stations

3. Destinations south to Tel Aviv which are located far from Rail stations. 
Shorter for Rail:

1. Destinations in Tel Aviv located within a walking distance from Rail stations
2. Destinations in areas around and south to Tel Aviv which are located near Rail stations

3. Trips to Binyamina area

Free riders of Bus mode were excluded from this analysys.

Each column relates to the mode written above. Nearly 80% of Bus passengers save time when they are using it, more than 40% of Rail passengers do not save time, and a significant share (13%) add time to their trip when using Rail mode. 
Discussion
The Bus Rapid Transit (BRT) mode is based on Bus technology which is meant to supply a Rail level of service. The supports of BRT holds the assumption that the attractiveness of a transit mode is determined by its level of service and not by its technology or visual appearance. Therefore, supplying Rail speed, reliability and comfort using Bus technology should achieve the same results at a much lower cost.

Analysis of a mode choice in a corridor where Bus and Rail modes supply an equivalent LOS enable to check the truth of this assumptions. In the research described, this assumption is found to be problematic for the following reasons:

1. Mode split of Bus and Rail is imbalanced (92%-8%) even though the level of service is similar

2. The socioeconomic characteristics of Rail and Bus passengers are different. 
3. Most of the passengers point that Rail comfort is the main reason for choosing Rail, even though it is more crowded and less private.

It is found that choosing between modes is more choosing among level of service characteristics. The research does not raise suggestion for the reasons of this passengers behavior.

The following ideas are being suggested for future research:

1. A deeper exploration of what determines a mode comfort and its components. Rail has some characteristics which supply the passengers a comfort feeling. These characteristics are not based on mode service but on other factors that impact the passengers attitude and feeling.
2. An investigation of passengers attitude toward bus and rail.. As in every product, the consumer feeling toward the product and not the direct characteristics of the products determine the decision. 
In marketing every company tries to create an involvement of the consumers toward the product. A hint for this involvement is found in the survey:

1. Every passenger could point an unlimited number of reasons for choosing the selected mode. The average number of reasons pointed by Rail passengers is higher by 40% 

2. 10% of Rail passengers added from their own will some improvements suggestions to the Rail service; i.e they care about the service. None of the Bus passengers did so.

There is much more in a transit mode choice than choosing among level of service characteristics. Choosing a BRT mode should deal not only with its physical characteristics and level of service but also with psychological factors that will create a feeling of comfort and involvement among passengers. Assuming that time and reliability of service is the only factor that matters, may lead to a transit mode with high level of service, but low passengers demands.  
References
1. Lee. J-H, Chon.K-S,Park C, (2004), Accomodating Heterogenity and Heteroscedasticity in Inter-City Travel Mode Choice Model, WCTR'04, Istanbul

2. Memon AQ, Sano K, Memon. AA, (2004), Future Model Share of Magnetic Train in Karachi, WCTR'04, Istanbul

3. URS, (2001), Development of a Mode Choice Component for the Boltimore Region Travel Demand Model, Task 7, Baltimore Metroplitan Council

4. Currie, g, (2002), Applicabillity of Bus Rapid Transit to Corridors with Intermediate Levels of Transit Demand, Journal of Public Transportation, Vol 5, pp 97-114

5. Ben Akiva.M, Morikawa.T, (2002), Comapring Rail  Attraction of Rail and Bus, Transport policy 9 pp 107-116, Pergamon

6. Tennison.E-L, (1989), Impact on Transit Patronage of Cessation or Inauguration of Rail Service, TRR 1221, pp 59-70, TRB Washington

7. Vuchic. V&Stanger.R-M, (1973), Lindelwood Rail Line and Shirlry Busway: A comparison, Highway Reasearch Record 459, pp 13-28

8. Foote.P, Stuart. D, (1998), Customer Satisfaction Contrasts Express Versus Local Bus Service in Chicago's North Corridor, TRR 1618, pp 143-152
9. Polydoropoulou, A&Ben Akiva.M, (2002), Combined Reavealed and Stated Prefernce NESTED Logit Access and Mode Choice Model for Multiple mAss Transit Technologies, TRR 1771, pp 38-45, TRB Washington 

10. Vovsha.P, (1998), Application of Cross Nested Logit Model to Mode Choice in Tel Aviv Israel, Metroplitan area, TRR 1607, pp 6-15, TRB Washington

11. Akın, D., Sisiopiku, V.P., Eryılmaz, Y., (2004) Full-integration of Istanbul's metro system with rubber-tire transit, WCTR’04, Istanbul, Turkey, 

Table 1. Comparison of Bus and Rail Mode Specific Constants in selected transportation models
	Model
	RP
	SP
	MSC Metro
	MSC Heavy rail
	MSC Light Rail
	MSC Bus
	Area

	NL
	☺
	☺
	0.43
	0.11
	0.27
	0
	Tel-Aviv (israel)

	 
	☺
	☺
	0.42
	0.08
	0.28
	0
	

	CNL
	☺
	 
	 
	 
	1.25
	0.49
	Tel-Aviv (israel)

	NL
	☺
	☺
	-0.88
	 
	-0.9
	-1.9
	Baltimore (usa)

	NL
	☺
	☺
	 
	 
	-3
	-3.4
	

	NL
	☺
	☺
	 
	 
	1.19
	1.34
	

	NL
	☺
	☺
	 
	 
	-1.9
	-2.1
	

	NL
	☺
	☺
	 
	 
	11
	8.1
	

	ML
	☺
	☺
	 
	 
	-1.9
	-3.2
	

	ML
	☺
	☺
	 
	 
	-4.7
	-6.3
	

	ML
	 
	☺
	0
	 
	 
	-1.2
	Karachi (Pakistan)

	NL
	☺
	 
	0.04
	 
	0.11
	-0.21
	Madrid (Spain)

	Mixed
	☺
	 
	 
	6.09
	
	5
	Sidney-Melbourne (Australia)

	Mixed
	☺
	 
	 
	5.08
	
	4.12
	

	Mixed
	☺
	 
	 
	10.7
	
	9.7
	

	 
	☺
	 
	 
	34.2
	 
	30.4
	

	Mixed
	☺
	 
	 
	7.3
	 
	3.7
	Korea

	Mixed
	 
	☺
	0.3
	7.8
	
	4.7
	

	ML
	☺
	 
	 
	2.01
	
	0.7
	

	ML
	☺
	☺
	-0.4
	1.75
	 
	0
	

	ML
	☺
	 
	 
	 
	-0.5
	0
	Calgiary (Italy)

	ML
	 
	☺
	 
	 
	-0.55
	0
	


· ML – Multinomial Logit

· Mixed – Mixed Logit

· NL – Nested Logit

· CNL – Cross Nested Logit

Figure 1. Heavy Rail vs. Bus service in Tel Aviv-Haifa corridor

	Heavy Rail
	Distance (km) 
	Bus

	Haifa
	0.10
	Haifa

	Atlit
	1.80
	Atlit

	Binyamina
	
	 

	Quesariya
	
	 

	olga-Hadera
	1.05
	Olga

	Natanya
	0.50
	Natanya

	Natanya (Beit Yehos.)
	2.25
	Natanya (Vingate)

	 
	
	Herzeliya
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	1.00
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	1.20
	Ramat Aviv Hotel

	 
	
	Yahuda Hamakabi

	T.A Central
	0.37
	Arlosoroff

	T.A Hashalom
	0.22
	Hashalom
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	CBS


[image: image2.emf]92%

8%

Rail

Bus


                               Alighting Only
Figure 2. Comparison of time traveled by Bus and Heavy Rail
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Table 2. Bus and Heavy Rail – comparison of Frequency and price
	 
	Deparures
	 
	Price
	 
	 
	 
	 
	 

	 
	Daily
	After 9 am
	One way
	Two ways
	One way +Local
	Elderly
	Child 5-10
	Student

	Rail
	41
	29
	24.5
	44.5
	30
	12
	19.5
	22

	Bus
	32
	25
	23
	40
	26.8
	11.5
	18.4
	20.7

	Diff.
	-22%
	-14%
	-6%
	-10%
	-11%
	-4%
	-6%
	-6%


Figure 3. Mode split Rail vs. Bus in Haifa-Hof Hakarmel station

Table 3. Level of Income, Bus and Rail Comparison

	Rail
	Bus
	

	43%
	63%
	Lower

	29%
	17%
	Average

	29%
	20%
	Higher

	100%
	100%
	Total


Table 4. Car Ownership in the household, Bus and Rail comparison
	rail
	Bus
	

	12%
	30%
	0

	32%
	43%
	1

	48%
	25%
	2

	9%
	2%
	3+

	100%
	100%
	Total


Table 5. Private vehicle availability for the trip,
 Bus and Rail comparison

	Rail
	Bus
	

	57%
	28%
	Yes

	43%
	72%
	No

	100%
	100%
	Total


Table 6. Access mode to the station, Bus and Rail comparison

	Rail
	Bus
	Access Mode

	30%
	10%
	P&R

	20%
	10%
	K&R

	45%
	77%
	Bus

	3%
	0%
	Walk

	2%
	2%
	Private Taxi

	100%
	100%
	Total


Table 7. The reason for making the trip by the chosen transit mode
	Rail
	Bus
	

	64%
	24%
	Comfort

	57%
	24%
	Time

	16%
	10%
	Basic attitide

	3%
	10%
	Cost

	3%
	0%
	Safety

	 
	9%
	No reason

	 
	28%
	Free ride


Table 8. The satisfaction of the chosen mode compares to the competing mode
	Rail
	Bus
	

	4.4
	2.8
	Accuracy

	4.1
	2.9
	Efficiency

	3.2
	3.3
	Privacy

	4.1
	3.3
	Comfort

	3.6
	3.8
	Closeness to Dest.

	3.9
	3.2
	Average


Table 9. Door to door time,

	Rail
	Bus
	Shorter at:

	59%
	78%
	Current mode

	29%
	16%
	Equal

	13%
	6%
	Other mode
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