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Executive Summary TC "Introduction" \f C \l "1" 
King County Metro Transit uses adopted service guidelines to plan and manage its transit system.  The service guidelines include measures that set acceptable passenger loads and identify service investment needs when crowding exceeds certain thresholds.  Investment in the most crowded routes is the highest service investment priority in the service guidelines because overcrowding results in poor quality service and it has a negative impact on riders.  However, investments to address overcrowded routes are only part of Metro’s overall approach to planning and managing the system which balances productivity, social equity, and geographic value.   

Over the past few years, Metro has reported annually on where overcrowding is occurring and has used the guidelines to address our most crowded services.  However, changes in our fleet, rising ridership, and experience using the guidelines has illustrated some challenges with the ways we currently measure crowding.
This report identifies challenges with using the existing measures of overcrowding and presents several alternative measures for identifying crowded services and service investment needs.  The report discusses challenges such as the change to low-floor buses; defining acceptable duration of crowding; identifying crowding on frequent services; and aligning measures with passenger perceptions.


In order to address these challenges, the report identifies and evaluates alternative ways of measuring overcrowding.  Each alternative is analyzed using 2013 ridership data to determine the impact that alternative measures would have on the transit service investment needs.  Alternatives are compared to the evaluation contained in the King County Metro 2013 Service Guidelines Report, Metro’s most recent report that included information about overcrowding.
The information presented in this report is designed to support a discussion about the types of measures that could be proposed or adopted.  Metro is not proposing any changes to the existing guideline measures by publishing this report.  Determining how much crowding is acceptable in the Metro system is not a simple technical or academic question.  It is very much influenced by the local environment and conditions, passenger and stakeholder attitudes, and the tradeoff between service quality and the cost to add and operate more service.

Introduction TC "Introduction" \f C \l "1" 
King County Metro Transit uses adopted service guidelines to plan and manage its transit system.  The service guidelines include measures that set acceptable passenger loads and identify service investment needs when crowding exceeds certain thresholds.  We adopted these current measures as part of our Strategic Plan for Public Transportation in July 2011, and updated them in 2013.  The crowding measures are part of an overall approach that strikes a balance between productivity, social equity, and geographic value.  Crowding measures focus most on productivity and identify services that are well used.  The measures are intended to identify crowding that significantly degrades both passenger comfort and efficient operations, and to identify areas where investments are needed to reduce crowding.  Investment in the most crowded routes is the highest priority for investment in the service guidelines.  
This report identifies challenges with using the existing measures and presents several alternative measures for identifying crowded services and service investment needs.  This report responds to a requirement in Section 4 of Ordinance 17641, which stated:
SECTION 4.  By April 30, 2014, the executive shall transmit to the council and regional transit committee, for acknowledgment of receipt by motion, a report evaluating alternative measures for use in identifying crowded services and the related transit service investment needs.  These could include capacity measures that are not based on the number of seats on the bus.  The intent of this work is to consider whether alternative measures or further changes of thresholds for passengers to seats should be used to determine overcrowding.  The report shall be filed in the form of a paper original and electronic copy with the clerk of the council, who shall retain the original and provide an electronic copy to all councilmembers and members of the regional transit committee.
This requirement was motivated by changes in our fleet and the impact of those changes on services being identified as crowded and needing investment.  Over the past few years, Metro and transit agencies across the United States have introduced new buses that provide a different transit environment from our older buses.  The new buses all have low floors which enhance operations but have fewer seats than the buses they will replace because of the space taken by wheel wells and doors.  Some of the buses, such as RapidRide buses and the new 40- and 60-foot trolley buses, are designed with fewer seats in order to provide more standing space and improve circulation.
Metro ridership has been growing and in 2013 we had the second highest ridership in agency history (over 118 million rides).  Recent population and economic growth throughout King County have resulted in increased ridership.  In recent years, major service restructures have impacted how riders use Metro as a part of the overall regional transit system.

The report is organized based on a discussion of passenger crowding measures and the challenges associated with current measures.  The report discusses:

· Why do we measure passenger crowding and how is crowding measured?  This section describes the way Metro and other transit agencies measure crowding.

· What are the challenges with Metro’s existing crowding measures?  This section describes four challenges in measuring crowding:

· Challenge #1:  The impact of low-floor buses on passenger crowding
· Challenge #2:  Defining acceptable duration of crowding

· Challenge #3:  Identifying crowding on frequent services

· Challenge #4:  Differences between passenger perceptions of crowding
· What are alternative measures of crowding?  This section describes several alternative measures that could be used to address challenges with the existing crowding measures:
· Area-based 

· Single thresholds by bus length

· Using consecutive trips

This report looks at new ways to measure crowding in the context of these challenges.  Measures are used to identify overcrowding conditions on buses and to quantify the service investment or changes necessary to address those conditions.  Across the system, passenger crowding measures need to quantify investments where crowding reaches an unacceptable level, affecting passengers and operations on a regular basis.  Addressing overcrowded routes is the top investment priority in the guidelines, but it is not the only priority.  Routes that are unreliable, corridors below their target service levels, and high-productivity routes are also priorities for Metro to make investments.  Investments in overcrowded routes must be balanced in order to ensure Metro invests in all the identified priorities from the service guidelines.
Why do we measure passenger crowding and how is crowding measured? 
Passenger crowding standards such as those in our service guidelines are commonly used in the transit industry as quality-of-service measures.  Evaluating quality of service allows us to measure characteristics that make transit attractive to existing and potential passengers.
 Crowding affects passenger comfort, and perceived quality of service declines as vehicles become more crowded.  Crowding that makes it difficult to board, exit, or move within the bus (due to the number of standing passengers) also causes delays and operational problems.
Crowding is important to Metro customers.  When asked about overcrowding in our most recent Rider/Non-Rider survey, 29 percent of respondents reported that they were very satisfied with our level of service, 40 percent said they were somewhat satisfied, and 31 percent said they were neutral or dissatisfied.
  Overcrowding has consistently received the lowest satisfaction levels of 40 different service elements rated in our annual rider survey over the last several years.
We use passenger crowding measures in the service guidelines for two purposes.  First, passenger crowding measures are used to identify where crowding exceeds acceptable levels.  Reducing passenger crowding is the top priority for investment of service hours according to the service guidelines.  Second, passenger crowding measures are one of numerous factors that are used in the corridor analysis, which sets target service levels across our service area.  As part of the corridor analysis, passenger crowding measures ensure that service levels are providing adequate capacity to accommodate existing riders along a corridor. 
How is crowding measured?
Passenger crowding measures are used by transit agencies around the U.S. and the world to monitor and maintain acceptable passenger loads and service quality.  There are many variations in how transit agencies measure passenger crowding as well as the levels of crowding that are considered acceptable.  While there is no industry-wide standard for crowding, there are common considerations that most agencies use when measuring crowding.  
Most crowding measures are based on some combination of acceptable space in the bus and acceptable time period for crowding to occur: 
	                                                                                 Measuring acceptable space
	Measuring duration of crowding, service availability, and other factors

	· Load factor (ratio of passengers to seats)

· Area-based (seats plus floor area per standing passenger)
· Single measure (by bus length)
	· Individual trip
· Adjacent trips
· Time of day
· Duration of standing
· Frequency


Metro measures crowding using a combination of these measures.  We define acceptable space based on load factors, and measure crowding on individual trips.  We make distinctions and use different thresholds based on type of service (i.e., frequent and RapidRide routes) and duration of standing.  There are three thresholds used to identify overcrowded routes
:

· When a route operates every 10-minutes or more frequently, or on all RapidRide services, an individual trip should not exceed a load factor of 1.5.

· When a route operates less frequently than every 10-minutes, or is not a RapidRide service, an individual trip should not exceed a load factor of 1.25.

· No trip on a route should have a standing load for 20 minutes or longer.

Where crowding exceeds these thresholds, Metro reviews information about specific trips to determine if investments are needed.  In some cases, Metro will not identify a need for investment if a larger bus could be assigned or if adjacent trips have space available.  More information about how ridership information is gathered is available in Appendix A.   
Table 1 illustrates how the measures Metro uses compare with how some other U.S. and international transit agencies measure crowding.  Many other agencies use area-based measures (seats plus area per standing passenger) rather than using load factor as a basis for setting acceptable space.  Other agencies, particularly international agencies, are less likely to distinguish crowding by type of service or duration of standing.  Metro’s measures are among the most complex of the nine other transit agencies for which information was gathered.
Table 1:  Passenger crowding measures and thresholds used by selected transit agencies
	City (Agency)
	Measures
	Thresholds

	Agencies Using Load Factor

	King County (King County Metro Transit)
	Load Factor

Frequency

Duration of Standing
	· 125% of seats (10 min or longer between buses)

· 150% of seats (<10 min between buses)

· No standing longer than 20 minutes

	Denver (RTD)
	Load Factor

Duration of Standing
	· 125% of seats
· No standing longer than 15 minutes

	New York (MTA & NYCT Commuter Express Service)
	Load factor
	· Seated load (no standing)

	Agencies Using Area-Based Measures

	San Francisco (SFMTA)
	Area-based
	· 85% of total capacity over a 1-hour period

	Chicago (CTA)
	Area-based
	· 40-foot bus: 60 passengers
· 60-foot bus: 93 passengers

	Vancouver, B.C. (CMBC)
	Area-based; Time of Day
	· 40-foot low-floor bus:  55 passengers
· 40-foot high-floor bus: 60 passengers
· 60-foot bus:  85 peak passengers

	New York (NYCT & MTA))
	Area-based; Time of Day; Type of Service
	· 40-foot bus: 54 passengers
· 60-foot bus: 85 passengers
· Off-peak: seated load (no standing)

	Brussels
	Area-based
	· 2.69 ft2/passenger

	Lisbon
	Area-based
	· 75% of max. capacity

· 40-foot bus: 64 passengers
· 60-foot bus: 111 passengers

	Montreal
	Area-based
	· 40-foot bus: 55 passengers
· 60-foot bus: 75 passengers


What are the challenges with Metro’s existing crowding measures?
Our existing measures of passenger crowding have several challenges that impact how well they capture the quality of service we measure and identify investment needs.  Those include:

· Challenge #1:  The impact of low-floor buses on passenger crowding 

· Challenge #2:  Defining acceptable duration of crowding

· Challenge #3:  Identifying crowding on frequent services

· Challenge #4:  Differences between passenger perceptions of crowding

It’s important to note that with any passenger crowding measures, the amount of crowding identified depends on the threshold or level of acceptable crowding.  In many international agencies, acceptable levels of crowding are far above Metro’s current acceptable levels.  Setting acceptable crowding levels is an important policy question, no matter which methods are used.  A list of hours targeted for investment and actual investments over the past three years using existing measures is available in Appendix B.  A list of routes identified for investment using the guidelines in 2013 is available in Appendix C.
Challenge # 1:  The impact of low-floor buses on passenger crowding
One challenge with measuring crowding is that Metro currently defines crowding based on the number of seats on the bus, but the typical number of seats per bus is changing.  All new buses purchased by Metro are low-floor buses, as are most buses purchased by other transit agencies nationwide.  Low-floor buses do not have steps at the doors, which makes for easier access and faster boarding and exiting.  Low-floor buses particularly improve accessibility for passengers with mobility challenges and passengers who use mobility aids.  However, low-floor buses have fewer seats and hold fewer passengers than comparable high-floor buses because wheel wells take up space in the passenger cabins.     

Currently about 60 percent of Metro’s buses are low-floor.  A full list of Metro’s current fleet is shown in Appendix D.  Over the next two to three years, Metro will completely replace four high-floor fleets (30-foot buses, 35-foot buses, 40-foot trolley buses, and 60-foot trolley buses) with new, low-floor buses.  The move to a completely low-floor fleet over the next few years will increase the amount of crowding identified if the load factor thresholds are maintained at present levels.  Metro has purchased larger buses over the past few years in part to offset this loss of capacity, but there will still be significant impacts on passenger crowding and identified investment needs based on current measures as this transition continues.  

Table 2 lists the number of seated and standing passengers considered acceptable on each bus type in Metro’s fleet using our current loading thresholds. 

Table 2:  Acceptable levels of passenger crowding for fleets with Metro’s existing guidelines
	
	
	Passengers at 

1.25 load factor
	Passengers at 

1.5 load factor

	Fleet series
	Description
	Seated
	Standing
	Total
	Seated
	Standing
	Total

	1100s
	30’ High-Floor Diesel
	30
	8
	38
	30
	15
	45

	3100
	35’ High-Floor Diesel
	34
	9
	43
	34
	17
	51

	3200s, 4100s
	40’ High-Floor Diesel or Trolley
	42
	11
	53
	42
	21
	63

	3600s, 7000s
	40’ Low-Floor Diesel or Hybrid
	35
	9
	44
	35
	18
	53

	2300s
	60’ High-Floor Diesel
	64
	16
	80
	64
	32
	96

	2600s, 2800s
	60’ Low-Floor Hybrid or Diesel
	58
	15
	73
	58
	29
	87

	4200s, 6800s
	60’ High-Floor Trolley or 60’ Low-Floor Hybrid
	56
	14
	70
	56
	28
	84

	6000s
	60’ Low-Floor BRT Hybrid 
	48
	12
	60
	48
	24
	72


With the movement to low-floor buses, we expect the acceptable number of standing passengers per trip to decline by between nine and 12 passengers, depending on the type of bus.  Table 3 shows examples of how the move from high-floor to low-floor buses would affect acceptable loads.

Table 3:  Differences between acceptable loads on low-floor and high-floor 
	 
	 
	1.25 load factor
	1.5 load factor

	Description
	Seats
	Standing passengers
	Total passengers
	Standing passengers
	Total passengers

	40’ High-Floor Diesel
	42
	11
	53
	21
	63

	40’ Low-Floor Hybrid
	35
	9
	44
	18
	53

	Difference
	-7
	-2
	-9
	-3
	-10

	60’ High-Floor Diesel
	64
	16
	80
	32
	96

	60’ Low-Floor Hybrid
	56
	14
	70
	28
	84

	Difference
	-8
	-2
	-10
	-4
	-12


This change will affect routes and trips that are currently operating in high-floor buses as they change to low-floor buses.  The information at right indicates the routes that will have the largest impacts to crowding levels due to fleet changes over the next few years.  This list includes routes throughout the county with concentrations on routes that serve many areas of Seattle, Burien, and the eastside due to the geographic locations of Metro bases with these types of buses.
In the 2013 guidelines report, we identified 15,400 annual hours needed to add trips on 27 routes to address overcrowding.  If all service had operated in low-floor buses, there would have been an additional 7,100 annual hours of need identified and twelve new routes would have been identified as overcrowded.  Two routes – 28EX and 40 – were already identified as overcrowded, but would have had even more trips identified as crowded if all service was operated in low-floor buses.  The table below identifies the route where additional investment would have been identified if the routes operated with all low-floor buses.  
Table 4:  Additional routes identified for overcrowding investment if service had been operated with low-floor buses

	Route
	Day
	Trips >1.25 load factor*
	Recommended action
	Estimated annual hours needed

	10
	Weekday
	1
	Watch – surrounding trips have capacity
	0

	13
	Weekday
	1
	Add trip in PM peak
	300

	14
	Weekday
	1
	Add trip in AM peak
	300

	26EX
	Weekday
	2
	Add trip in AM and PM peak
	800

	28EX
	Weekday
	2
	Add trip in AM peak
	600

	36
	Saturday
	1
	Assign larger coach
	0

	40
	Weekday
	9
	Add 2 trips in AM peak and 2 trips in PM peak
	2,400

	44
	Weekday
	2
	Add trip in PM peak
	1,000

	49
	Weekday
	3
	Add trip in PM peak; watch AM peak – surrounding trips have capacity
	300

	50
	Weekday
	1
	Assign larger coach
	0

	70
	Weekday
	5
	Add 2 trips in AM peak; watch PM peak – surrounding trips have capacity
	1,000

	118
	Weekday
	1
	Assign larger coach
	0

	271
	Weekday
	2
	Watch - surrounding trips have capacity
	0

	355
	Weekday
	2
	Add trip in AM peak
	400

	Totals
	33
	
	7,100


*based on spring 2013 ridership and number of seats in low-floor buses that would run on the same trips
Challenge # 2:  Defining acceptable duration of crowding
The duration of passenger trips and the duration of crowding have a large impact on whether a given level of crowding may be acceptable.  Higher levels of crowding may be acceptable if they occur for a short period of time, while having any standing passengers at all may be unacceptable if passengers have to stand for extended periods.  


Our guidelines suggest that there should not be standing passengers for more than 20 minutes.  In 2013, there were 19 routes that had trips that averaged standing passengers for 20 minutes or more. 

A key limitation of this measure is that there is not enough information available to calculate the duration of standing for any individual person.  At present, routes where there are any standing passengers for more than 20 minutes are considered overcrowded.  On some of these routes, there is passenger turnover where some people exit and others board, giving at least some of the standing passengers an opportunity to sit down.  This means in practice that an individual person may not be standing the entire time.  On other routes, any standing passenger would be standing for at least 20 minutes because there are at least 20 minutes between stops.  There is not a clear way to distinguish these different conditions even though the impact is very different for passengers.

Some agencies that use duration measures do so only for long-distance or commuter services which are primarily intended to take people to job centers in the morning and away from them in the evening, and do not apply duration measures to two-way, all-day services.  An assumption behind such an approach would be that people taking shorter distance and duration trips on two-way, all-day routes and therefore are less likely to be standing for a long duration.  However, on some routes even when there is passenger turnover, individual people may be standing for a longer duration.

Challenge # 3:  Identifying crowding on frequent services
Metro currently measures crowding based on individual trips for all services, regardless of frequency.  Trips on routes that are more frequent than every 10 minutes or on RapidRide routes have higher thresholds of acceptable crowding than trips on less-frequent routes.  This is designed to recognize that riders of frequent routes can move more easily between trips on any given day and can take a subsequent trip if the intended one is overcrowded.  However, a drawback of this approach is that it is possible for sequential trips or groups of trips over a given time period to have high loads, but have no overcrowding identified because no single trip exceeds the higher threshold.

One concern about this situation is that a rider may have to wait for several full buses to go by and passenger experiences will not match with the reported crowding.  Several routes held to the higher threshold were not identified as overcrowded in spring 2013, despite having multiple customer complaints about overcrowding, including route 212 (12 complaints) and the C Line (11 complaints).  

Additionally, at some level of crowding, operators will not open doors to let more riders on board and buses will pass people.  This means that even when loads could be higher, operator and passenger behavior could limit the number of times very high loads are observed.  In practice, holding frequent services to a higher load threshold for individual trips means that very few frequent services are being identified for any investments due to passenger crowding.  In 2013, only one trip on route 26 was above the threshold of overcrowding for frequent services.  Several other frequent routes were identified for investment based on having standees for more than 20 minutes, including routes 17EX, 18EX, 71, 73, 74EX, 101, 218, and the D Line.
Challenge #4 – Differences between passenger perceptions of crowding
Metro faces competing priorities for its limited funding, and works to balance these priorities to efficiently allocate resources.  One of these challenges is identifying areas for investment to reduce crowding.  For example, it would not be cost-effective to run extra trips on routes where crowding does not regularly occur.  Our existing passenger crowding measures strike a balance between identifying where investments to relieve crowding are most needed and setting reasonable expectations that some riders will have to stand and are willing to do so.
It’s common for riders to experience, perceive, or comment about crowding on trips or routes that do not exceed Metro’s current thresholds.  Reasons for this include day-to-day variability in ridership, limitations of the ridership information we collect, the interaction of reliability and crowding problems, and varied passenger expectations and preferences.

Passenger loads on any given trip can vary widely from day to day.  If a trip runs later than usual, it may pick up added riders who intended to take a later trip.  A parade, concert, or sporting event may swell the number of people on a trip.  If a connecting train or bus runs late, a trip may carry fewer people than usual.  Ridership also tends to be lower during holidays or school breaks.  In addition, our information about ridership and passenger loads comes from automatic passenger counters, or APCs, on about 15 percent of Metro’s fleet—so all of our ridership and load information is based on a sample of trips rather than a measurement of every trip operated.  Metro increased the percentage of APC units purchased on our RapidRide fleet and plans to purchase APCs for all new buses beginning with the new 40-foot and 60-foot trolley fleets.  See Appendix A for more information on data sources.
There is wide variation in what passengers consider to be acceptable levels of crowding.  While most passengers prefer to sit, factors such as age, physical ability, length of trip, and availability of handholds can affect how comfortable they are, whether they comment, and whether they continue riding transit in the future.  Passengers who ride trips on which people routinely stand may become used to, and accept, higher levels of crowding.  Passengers who normally get seats may complain if there are even one or two people standing on their buses.  Cultural norms and expectations may also influence perceptions of crowding.  International transit agencies tend to accept higher levels of crowding than U.S. agencies, and agencies in large U.S. cities tend to accept higher levels than agencies in smaller cities. 
Between February and June 2013, there were customer complaints about overcrowding on 65 routes.  Nineteen of those routes were identified as overcrowded in the service guidelines using spring 2013 ridership information, but 46 were not.  On those 46 routes, passengers perceived a problem that we did not identify as needing investment.  It is difficult to know how many of those complaints were based on a particularly bad day, impacted by congestion or unreliability, or other factors.  In addition, eight routes that were identified as overcrowded did not have any customer complaints.  This may indicate that riders have chosen not to complain, have grown accustomed to the levels of crowding present, or accept the frequency, speed, or reliability of their transit trip is an acceptable tradeoff to crowded conditions.  What this information does show is that there is not a perfect match between the routes where riders voice concerns and where we identify a need to take action.  Investing in the routes Metro identifies through our guidelines may reduce customer complaints, but it is not likely to completely eliminate them.  By using objective data to determine acceptable crowding conditions we have a common lens through which we examine crowding complaints.
What are alternative measures of crowding?
There are alternative ways to measure crowding that can address some of the challenges with existing measures.  The alternatives reflect new measures that could meet some of the challenges explored in the previous section.  Alternatives are presented for both space and time aspects of measuring crowding.
Alternative measure of space:  Area-based 
An area-based measure is an alternative to the existing load factor measure that could help address the transition to a low-floor fleet.  Area-based measures look at how much space each standing person will occupy to set an acceptable level of passenger crowding.  Area-based measures were found to be relatively common among transit agencies, particularly those agencies in large urban areas where some passengers are likely to be standing.
An area-based measure would reflect the actual passenger experience on the bus by defining an acceptable number of square feet per standing passenger.  The different interior seating configurations of our different fleets mean that each fleet will have a different amount of usable space. 
Table 5 describes conditions associated with six square feet per person, to give an idea of the variation between different levels of crowding.  As shown in table 6, an area of six square feet per person closely matches a load factor of 1.25.   According to the Transit Capacity and Quality of Service Manual, this corresponds with a comfortable standing load that retains space between passengers and allows easy circulation within the vehicle.
  Descriptions of additional levels of crowding and a diagram comparing crowding levels are in Appendix E.  
Table 5:  Passenger capacity of Metro fleets based on standing area 

	
	
	6 ft2 per passenger

	Fleet Series
	Description
	Seats
	Standees
	Total

	1100s
	30’ High-Floor Diesel
	30
	4
	34

	3100s
	35’ High-Floor Diesel
	34
	7
	41

	3200s
	40’ High-Floor Diesel
	42
	9
	51

	3600s
	40’ Low-Floor Diesel
	35
	10
	45

	4100s
	40’ High-Floor Trolley
	42
	9
	51

	7000s
	40’ Low-Floor Hybrid
	35
	11
	46

	2300s
	60’ High-Floor Diesel
	64
	13
	77

	2600s
	60’ Low-Floor Hybrid 
	58
	14
	72

	2800s
	60’ Low-Floor Diesel 
	58
	14
	72

	4200s
	60’ High-Floor Trolley
	56
	14
	70

	6000s
	60’ Low-Floor BRT Hybrid (RapidRide)
	48
	18
	66

	6800s
	60’ Low-Floor Hybrid
	56
	14
	70


Table 6:  Example differences between acceptable loads based on standing area 
	
	
	1.25 load factor
	6 ft2 per passenger
	Difference

	Description
	Seats
	Standing passengers
	Total passengers
	Standing passengers
	Total passengers
	

	40’ High-Floor Diesel
	42
	11
	53
	9
	51
	-2

	40’ Low-Floor Hybrid
	35
	9
	44
	11
	46
	+2

	60’ High-Floor Diesel
	64
	16
	80
	13
	77
	-3

	60’ Low-Floor Hybrid
	56
	14
	70
	14
	70
	0


Metro analyzed the impacts of using different standing areas to identify crowded trips.  Table 7 illustrates the results of that analysis.  Moving to an area-based measure could mean more or less identified crowding compared to the results of our 2013 guidelines report, depending on where we set the acceptable area-per-person threshold.  


Table 7:  Number of overcrowded trips identified using different measures of crowding* 

	
	Frequent Service 

(10 minutes or better)
	All Other Service 

	Method
	Number of trips identified as overcrowded 
	Estimated annual hours needed*
	Number of trips as overcrowded
	Estimated annual hours needed*

	Load Factor 

(1.5 frequent, 

1.25 all others)
	1
	400
	68
	9,150

	Area-Based
	
	
	
	

	3 ft2
	0
	0
	12
	1,400

	4 ft2
	3
	1,000
	18
	1,900

	5 ft2
	11
	1,400
	20
	4,400

	6 ft2
	25
	3,700
	47
	7,700

	7 ft2
	38
	4,800
	67
	11,000


* Spring 2013 data; excludes trips with standing for more than 20 minutes because standing area would not apply
As this analysis indicates, allowing more people per square foot will impact the overall number of trips identified as overcrowded and the investment need identified.  The area-based thresholds that correspond most closely with the current levels of investment need identified are area-based thresholds of 6 to 7 ft2 per person for service that is not frequent, and 4 ft2 per person for frequent services.  At 6 ft2 per person, several trips that currently operate in low-floor buses are no longer identified for investment.  This is because the existing load factor measure assumes a lower number of potential standees compared to an area-based measure.  Setting thresholds using a lower number of square feet per person would result in the identification of significantly less crowding than using the existing measures. 
This analysis did not look at overcrowding based on duration of standing.  The existing measure for duration of standing does not allow for any standing passengers for longer than 20 minutes.  Because this measure is solely based on seats, there would be additional trips identified for crowding based on the move to low-floor buses.  However, there would be no difference in the trips identified whether an area-based measure or a load factor measure was used.
Benefits of an area-based measure include consistency, flexibility, and transparency.  An area-based measure sets the same amount of acceptable space per standing passenger no matter what size or type of bus they are on.  Buses can be configured with more or less seats as appropriate based on type of service, such as for RapidRide, without the need to adopt separate load factor standards.  
Limitations of an area-based measure include additional work that would be needed to set acceptable thresholds.  Moving to an area-based measure would not address continued variance between passenger expectations and crowding measures.  In addition, there is still complication in a fleet as large as Metro’s because buses of the same length will have different numbers of acceptable passengers.
Alternative measure:  Single thresholds by bus length
One variation on either area-based or load factor measures would be to set a maximum number of passengers per bus that is used for all buses of a given length, which is simple to understand and apply compared to an approach with different thresholds for each fleet type. 

Table 8 illustrates an example of what a single threshold based on an area measure of Metro’s newest fleets per passenger could look like.  This illustration is based on the assumed approach of setting acceptable loads based on the newest low-floor fleets.

Table 8:  Passenger capacity using single threshold by bus length
	Fleet Series
	Description
	Seated
	Standing
	Total
	Load factor

	1100s
	30’ High-Floor Diesel
	30
	4
	34
	1.15

	3100s
	35’ High-Floor Diesel
	34
	12
	46
	1.34

	3200s, 4100s
	40’ High-Floor Diesel or Trolley
	42
	4
	46
	1.09

	3600s, 7000s
	40’ Low-Floor Diesel or Hybrid
	35
	11
	46
	1.31

	4200s, 6800s,
	60’ High-Floor Trolley or Low-Floor Hybrid
	56
	14
	70
	1.24

	2300s
	60’ High-Floor Diesel
	64
	6
	70
	1.09

	2600s, 2800s
	60’ Low-Floor Hybrid or Diesel 
	58
	12
	70
	1.20

	6000s
	60’ Low-Floor BRT Hybrid (RapidRide)
	48
	22
	70
	1.45


If we apply a single threshold to spring 2013 ridership data, we identify a larger number of overcrowded trips and a larger investment need.  Using single threshold, we would have identified 17 more overcrowded trips than we did in the 2013 guidelines report.  Most of these trips were operated in 40-foot trolley buses on routes 3, 4, 10, 12, 13, 36, and 70.  With these additional trips there would be an estimated 3,300 hours of additional service needed.  There would essentially be no change for trips that were already identified as operating in low-floor buses.   
The benefits of using a single threshold include ease of communication and simplicity even as Metro’s fleet changes.  We could set a single measure based on our newest fleets, so it would be forward-looking and remain stable over time.  According to our current vehicle retirement schedule, the largest variations would be gone by 2016 or 2017 when our fleet is projected to be all low-floor buses.  The measure would also remain stable even if we make changes to future bus interior layouts.
The key limitation of a single threshold is inconsistency for passengers and routes that use high-floor and low-floor buses.  Until Metro has a completely low-floor fleet, moving to a single threshold would mean that fewer standing passengers are accepted on routes operating in high-floor buses.  This means that for at least a few years, some routes may be identified as overcrowded that may not need investment at this time.
Alternative measure:  Using consecutive trips
A measure that looked at groups of trips for more-frequent services (instead of a higher threshold) would allow us to identify crowding problems that are degrading the quality of service while still holding frequent services to a higher standard.  One way to do this is to identify when combined loads on consecutive trips on frequent services exceed a given level of crowding. 
To investigate the use of trip pairs as the unit of measurement for frequent service, Metro analyzed pairs of trips that were within 10 minutes of each other, adding up the total passenger loads and total seats for each pair.  Any consecutive trips with a total load factor above the threshold were identified as overcrowded.  Table 9 shows the number of trips that exceeded the load factors of 1.25 and the investments that would be needed to address this overcrowding.  Of these, routes 71, 73, 218, and D Line were identified for investment in the 2013 guidelines report during the periods they operate frequent service.  All of the routes had trips identified as overcrowded based on the duration of crowding exceeding 20 minutes. 
Table 9:  Routes identified for investment using consecutive trips with 1.25 load factor threshold
	Routes
	Combined load factor of consecutive trips
	Recommended Action
	Annual hours needed

	41
	1.27
	Add trip in AM peak
	250

	76/316
	1.36
	Add trip in AM peak
	350

	71/72/73/74
	1.36
	Add trip in PM peak
	450

	216/218/219
	1.27
	Watch – restructured in fall 2013
	0

	C Line
	1.26-1.34
	Add 3 trips in AM peak; Add trip in PM peak
	2,050

	D Line
	1.32
	Add trip in PM peak
	400


*Spring 2013 data

Benefits of this approach include a closer match between passenger experiences and crowding measures and an approach that better accounts for variability between trips.  This measure recognizes that frequent services can accommodate more crowding, but more readily identifies areas where investment could improve service quality.  Where consecutive trips are crowded, riders are likely to be passed up by full buses, and so the effective frequency declines.  This also accounts for sometimes large variations in loads from trip to trip because of reliability issues such as bus bunching that are particular problems on frequent services with trips operating closely together.  
The limitations of a measure based on consecutive trips include complexity of measurement and additional resources needed.  The analysis for this approach is more complex because it requires us to look at pairs of trips and groups of routes that are not grouped this way for other analysis for the service guidelines.  Using this approach at a threshold similar to less frequent services will identify more trips needed on these frequent services, which is a limitation given the large number of competing needs for added resources.
Conclusion

There are many ways to measure passenger crowding problems and a wide range of what is considered to be an acceptable level of crowding.  In setting out measures for passenger crowding and suggesting investments when crowding exceeds those levels, Metro’s service guidelines place a value on maintaining quality service.  Investment in overcrowded routes adds service where it is highly-used and productive.  However, measuring overcrowding and related investment needs is only a small part of Metro’s overall approach to monitoring and managing the transit system.  Metro policies such as the service guidelines balance productivity, social equity, and geographic value.  

There are opportunities to review and revise the measures we use, depending on the policy goals we hope to achieve.  Investment in overcrowded routes is the top priority in the guidelines among four identified investment priorities.  Investment in routes that are not reliable, corridors that are below target service levels, and high-productivity routes are all important to create and maintain service that meets Metro’s priorities.  Identifying more investment needs in overcrowded routes means that it will be more difficult to address the lower-priority needs.  Identifying less investment need in overcrowded routes means that our policies will not be addressing an aspect of quality service that is highly important to our customers.

As King County changes and Metro ridership rises, it’s reasonable to expect that buses will become more crowded. The alternatives presented in this report maintain the policy intent of the service guidelines while providing more stability and a more accurate reflection of conditions our passengers experience.  Area-based measures would allow us to more accurately reflect the experiences of standing passengers by setting expectations for how much space passengers can expect to have around them.  Single thresholds by bus type would allow us to more simply explain to our passengers how we identify crowding and what loads are acceptable.  Changing how crowding is measured on frequent services would allow us to identify more readily where crowding on such services is negatively affecting service quality, even when there are many trips available.

Any or all of these changes may have benefits, but they also have limitations and implications for the amount of service targeted in the future to alleviate overcrowding.  While some stakeholders may think that Metro does not identify enough overcrowding and investments today, others may think that higher levels of crowding are acceptable.  The information presented in this report is designed to support a discussion about the types of measures that could be proposed or adopted.  Metro is not proposing any changes to the existing guidelines measures by publishing this report.  Determining how much crowding is acceptable in the Metro system is not a simple technical or academic question.  It is very much influenced by the local environment and conditions, passenger and stakeholder attitudes, and the tradeoff between service quality and the cost to add and operate more service.

Any changes to how Metro measures passenger crowding must be accomplished as an update to the service guidelines.  The context for this discussion may change considerably depending on whether Metro is reducing its system or looking at a stable or growing system in the next few years.
Appendix A:  Information used to measure crowding
The information used to measure crowding is collected by computers on Metro buses.  An automatic passenger counter (APC) system, installed on some Metro buses, provides ridership data.  For the service guidelines report, we typically use information from the spring service change period, which runs from mid-February through mid-June.  

Ridership data used in this report are based on samples.  APC sampling rates are a consistent data issue.  About 18 percent of Metro’s non-RapidRide trips are currently being observed on any given day.  Trip data, including data about passenger loads, do not include adjustments made when estimating system-wide ridership and are prone to more sampling variance.  Saturday and Sunday ridership data is also more prone to sampling variance because there are fewer days that a trip can be sampled.  Metro has begun to outfit all new buses with APC equipment and this issue will diminish over time.  Based on the current projections of fleet over time, Metro will reach 50 percent of the fleet equipped with APCs around 2017 and 100 percent in the late 2020s.  
In the meantime, we look for a minimum of five observations of a trip in order to consider whether investments should be made to reduce crowding.  When a trip is not observed five times in the period used for the guidelines report, we also analyze ridership data from the previous period.  For example in the spring 2013 guidelines report, we used fall 2012 ridership data in addition to spring data to analyze trips where spring data indicated possible overcrowding.
Appendix B:  Passenger crowding needs and investments by year

Passenger crowding needs and investments by year according to Metro service guidelines
	Reporting Year
	Total Annual Hours Need Identified
	Hours Invested to Address Crowding

	Spring 2011
	7,700
	8,300 (summer 2012)

	Spring 2012
	5,500
	3,200 (fall 2013)

	Spring 2013
	15,400
	0


Appendix C:  Routes needing investment to reduce passenger crowding, 2013 service guidelines report
	Route
	Description
	Day
	Estimated Annual Hours Needed

	8
	Seattle Center - Capitol Hill - Rainier Beach
	Weekday and Sunday
	700

	9EX
	Rainier Beach - Capitol Hill
	Weekday
	500

	11
	Madison Park - Seattle CBD
	Weekday
	500

	15EX
	Blue Ridge - Ballard - Seattle CBD
	Weekday
	600

	17EX
	Sunset Hill - Ballard - Seattle CBD
	Weekday
	800

	26
	East Green Lake - Wallingford - Seattle CBD
	Weekday
	400

	28EX
	Broadview - Ballard - Seattle CBD via Leary Ave NW
	Weekday
	500

	40
	Northgate TC - Ballard - Seattle CBD via Leary Ave NW
	Weekday
	700

	66EX
	Northgate TC - Eastlake - Seattle CBD
	Weekday
	900

	67
	Northgate TC - University District
	Weekday
	200

	68
	Northgate TC - Ravenna - University District
	Weekday
	300

	71
	Wedgwood - University District - Seattle CBD
	Saturday
	500

	73
	Jackson Park - University District - Seattle CBD
	Saturday
	400

	74EX
	Sand Point - Seattle CBD
	Weekday
	600

	75
	Northgate TC - Lake City - Seattle CBD
	Weekday
	400

	101
	Renton TC - Seattle CBD
	Weekday
	300

	128
	Southcenter - Westwood Village - Admiral District
	Weekday
	800

	131
	Burien TC - Highland Park - Seattle CBD
	Weekday
	400

	132
	Burien TC - South Park - Seattle CBD
	Weekday
	500

	143EX
	Black Diamond - Renton TC - Seattle CBD
	Weekday
	1,800

	164
	Green River CC - Kent Station
	Weekday
	300

	179
	Twin Lakes - Seattle CBD
	Weekday
	600

	240
	Bellevue - Newcastle - Renton
	Weekday
	1,100

	303EX
	Shoreline - First Hill
	Weekday
	700

	346
	Aurora Village - Northgate
	Weekday
	200

	372EX
	Woodinville - Lake City - University District
	Weekday
	300

	D Line
	Ballard - Seattle Center - Seattle CBD
	Weekday
	400

	 
	
	Total
	15,400


Appendix D: Metro fleet as of spring 2014
	Fleet Series*
	Bus Numbers
	Fleet Description
	No. of Buses
	% of bus type
	No. of Seats**
	Expected retirement dates

	Bus type:  Small buses
	

	1100s
	1100-1194
	30’ Gillig High-Floor Diesel
	60
	100%
	30
	2014-15

	Bus types:  Standard buses 
	
	
	
	
	
	2014-2015

	3100s
	3185-3199
	35’ Gillig High-Floor Diesel
	9
	2%
	34
	2014-15

	3200s
	3200-3594
	40’ Gillig High-Floor Diesel
	136
	25%
	42
	2015-17

	3600s
	3600-3699
	40’ New Flyer Low-Floor Diesel
	100
	18%
	35
	2015-17

	4100s
	4100-4199
	40’ Gillig High-Floor Trolley
	100
	18%
	42
	After 2020

	7000s
	7000-7199
	40’ Orion Low-Floor Hybrid
	199
	37%
	35
	After 2020

	Bus type:  Articulated buses
	
	
	
	
	
	Current-2016

	2300s
	2300-2573
	60’ High-Floor Diesel
	172
	23%
	64
	Current-2016

	2600s
	2600-2812
	60’ Low-Floor Hybrid 
	212
	28%
	58
	2015-16

	2800s
	2870-2899
	60’ Low-Floor Diesel
	30
	4%
	58
	2015-16

	4200s
	4200-4258
	60’ Breda High-Floor Trolley
	55
	7%
	56
	2015-16

	6000s
	6000-6019
	60’ Low-Floor BRT Hybrid (RapidRide)
	103
	14%
	48
	After 2020

	6800s
	6813-6850
	60’ Low-Floor Hybrid
	188
	25%
	56
	After 2020


* Fleet series are internal codes Metro applies to identify buses. 

**There are minor variations in some fleets where sub-fleets have 1-2 more or fewer seats

Appendix E: Passenger capacity based on standing area 
Passenger capacity of Metro fleets based on standing area 

	
	
	3 ft2 per passenger
	4 ft2 per passenger
	5 ft2 per passenger
	6 ft2 per passenger
	7 ft2 per passenger

	Fleet Series
	Description
	Seats
	Stand-ees
	Total
	Seats
	Stand-ees
	Total
	Seats
	Stand-ees
	Total
	Seats
	Stand-ees
	Total
	Seats
	Stand-ees
	Total

	1100s
	30’ High-Floor Diesel
	30
	9
	39
	30
	7
	37
	30
	5
	35
	30
	4
	34
	30
	4
	34

	3100s
	35’ High-Floor Diesel
	34
	15
	49
	34
	11
	45
	34
	9
	43
	34
	7
	41
	64
	11
	75

	3200s
	40’ High-Floor Diesel
	42
	18
	60
	42
	14
	56
	42
	11
	53
	42
	9
	51
	58
	12
	70

	3600s
	40’ Low-Floor Diesel
	35
	19
	54
	35
	14
	49
	35
	12
	47
	35
	10
	45
	58
	12
	70

	4100s
	40’ High-Floor Trolley
	42
	14
	56
	42
	14
	56
	42
	11
	53
	42
	9
	51
	34
	6
	40

	7000s
	40’ Low-Floor Hybrid
	35
	21
	56
	35
	16
	51
	35
	13
	48
	35
	11
	46
	42
	8
	50

	2300s
	60’ High-Floor Diesel
	64
	26
	90
	64
	20
	84
	64
	16
	80
	64
	13
	77
	42
	8
	50

	2600s
	60’ Low-Floor Hybrid 
	58
	29
	87
	58
	21
	79
	58
	17
	75
	58
	14
	72
	58
	12
	70

	2800s
	60’ Low-Floor Diesel 
	58
	29
	87
	58
	21
	79
	58
	17
	75
	58
	14
	72
	58
	12
	70

	4200s
	60’ High-Floor Trolley
	56
	28
	84
	56
	21
	77
	56
	17
	73
	56
	14
	70
	56
	12
	68

	6000s
	60’ Low-Floor BRT Hybrid (RapidRide)
	48
	34
	82
	48
	26
	74
	48
	21
	69
	48
	18
	66
	48
	16
	64

	6800s
	60’ Low-Floor Hybrid
	56
	27
	83
	56
	21
	77
	56
	16
	72
	56
	14
	70
	56
	12
	68


Excerpts from the qualitative description of the service levels in the Transit Capacity and Quality of Service Manual are below, from the most- to least-crowded conditions we compared
:

· 3 square feet per person 
· Approaching uncomfortable conditions for North Americans
· Frequent body contact and inconvenience with packages and briefcases

· Moving to and from doorways is extremely difficult, increasing dwell time

· 4 square feet per person

· Occasional body contact

· Standees have less space than seated passengers

· Provides a balance between passenger comfort and capacity

· Moving to and from doorways requires some effort, which may increase dwell time

· 5 square feet per person

· Standing load without body contact

· Standees have similar amount of personal space as seated passengers

· Reasonably easy circulation within vehicle

· 6 or 7 square feet per person

· Comfortable standing load that retains space between passengers

· Easy circulation within vehicle

The figure below illustrates the interior of a 60-foot, low-floor bus that would correspond to level of 3 ft2 per standing passenger.  
[image: image2.emf]
The figure below illustrates a level of crowding that corresponds to 6 ft2 per standing passenger
[image: image3.emf]
Routes scheduled with 100% of weekday trips in high-floor buses in spring 2013:  


1, 2, 3, 4, 10, 12, 13, 14, 22, 36, 47, 49, 50, 61, 70, 110, 118, 119, 139, 154, 167, 200, 201, 202, 203, 204, 209, 211, 213, 221, 224, 226, 232, 234, 235, 236, 237, 238, 241, 243, 244, 245, 248, 249, 250, 260, 265, 269, 271, 277, 306, 342, 345, 348, 372�


Routes with more than 50% of weekday trips in high-floor buses in spring 2013: 


7, 9, 19, 24, 26, 28, 31, 32, 40, 43, 44, 48, 64, 65, 75, 83, 107, 116, 121, 122, 123, 124, 131, 148, 205, 246, 304, 309, 312, 355, 358, 373








Routes identified as having standing for 20 minutes or more in 2013 guidelines report:


5EX, 15EX, 17EX, 18EX, 28EX, 40, 68, 71EX, 73EX, 74EX, 101, 143EX, 159, 179, 193EX, 197, 218, 252, 


D line








Routes and route groups with service every 10 minutes or better for some portion of the day:  


A line, B line, C line, D line, 2, 3/4, 5, 7, 10, 12, 17EX/18EX, 21EX, 26/28, 36, 41, 43, 44, 48, 56/57, 66/67, 71/72/73/74, 75, 101/102, 120, 121/122/123, 177/178, 212/214/218, 255, 265, 271, 301, 358EX





Routes with more than five complaints about overcrowding from February to June 2013





Identified as overcrowded using existing measures:


9EX, 15EX, 17EX, 28, 40, 66, 132, 303





Not identified as overcrowded using existing measures:


5, 48, 70, 212, 301, 355, 358EX, C Line
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