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Abstract

This guidebook describes how to create a comprehensive framework for evaluating the
full impacts (benefits and costs) of a particular transit service or improvement. It
identifies various categories of impacts and how to measure them. It discusses best
practices for transit evaluation and identifies common errors that distort results. It
discusses the travel impacts of various types of transit system changes and incentives. It
describes ways to optimize transit benefits by increasing system efficiency, increasing
ridership and creating more transit oriented land use patterns. It compares automobile
and transit costs, and the advantages and disadvantages of bus and rail transit. It
includes examples of transit evaluation, and provides extensive references. Many of the
techniques in this guide can be used to evaluate other modes, such as ridesharing,
cycling and walking.
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Executive Summary
Public transi{also callegublic tansportor mass transit includes various servicésat provide
mobility to thegeneral publicincluding buses, trains, ferrieshared taxiand their variations. It

can play important and unigu®les in an efficient and equitable transport systesnproviding
affordablebasic mobility for nordrivers, efficienturbantravel, and a catalyst for morefficient

land usedevelopment. It can thereforeavediverseimpacts(benefits and costsjncluding

manythat are indirect and external (they affect peopldo do notcurrentlyuse transit)Some

result from the existence of the service, others from transit use, some from reduced automobile
I 6 A f AafiduseideveldpmehtPadérns, as summarized

in Table EQ.. Not alltransit servicehave all of these impacts, but most haseveral.

travel, and others from trandi} a

Table ES-1

Improved Transit

Service

Public Transport Benefits and Costs

Increased Transit
Travel

Reduced
Automobile Travel

Transit-Oriented
Development

transit vehicles.

crowding.

business activity.

#? | Service Quality (speed, Transit Ridership Mode Shifts or Portion of Development
lqE) reliability, comfort, safety, (passenger-miles or Automobile Travel With TOD Design
= etc.) mode share) Reductions Features
flimproved convenience | q mobility benefits b 1 Reduced traffic
and comfort for existing new users. congestion.
users a0l d41 fRoad ad i 9 Additional vehicle
) ] ) ncreased fare oad ad parking travel reductions
o | TEQuity benefits (since revenue. facility cost savings. | 5 st 8 &S NI 3 S
= existing users tend to be o .
% disadvantaged). i Incdreased public fithesy T Consumer savings. 1 Improved accessibility
an .
m ; . 9 Reduced particulaly for non
T Tl Option value (the value ofl - yww.vtpi.org/tranb chauffeuring drivers.
= haV|r_lg an option for en (by stimulating burdens ' -
o possible future use). more walking or ' 9 Reduced crime risk.
g 1 Improved operating cycling trips). Tincreased traffic 9 More efficient
gfficiency (if service speeq flIncreased security as safety. _ Qevelopment (reduced
increases). more non-criminals 1 Energy conservation,| infrastructure costs).
1 Improved security ride transit and wait at | § Airand noise 1 Farmland and habitat
(reduced crime risk) stops and stations. pollution reductions. preservation.
+ | THighercapital and
) operating costs, and
8 | therefore subsidies.
.Tg 1 Land and road space.
=
9 | 1 Traffic congestion and 1 Various problems
a accident risk imposed by ransit vehicle educed automobile| associated with more
? dent risk d by | 7 Transit vehicl 1 Reduced automobil ted with

compact development.

Public transport cahavevarious type®f benefitsand costsmany of which tend to beverlooked or
undervalued in conventional transportation economic evaluation

Conventional transporéconomic evaluatiotends to overlook and undervalue matrgnsit
benefits Theseevaluation practices originally developed to assess roadway improvisnaan
focus primarily on vehiclgavel speedsand operating costs. Thalp not generally quantify or
monetize the benefits dbasic mobilitybenefits vehicle ownership and parking cost savings, or
efficient landdevelopmentbenefits
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Public transit camlso have significant costs, includiiagility costspperating costsand various
external costs such as accident risk and pollutiposed on norusers Many of these costs are
fixed sotransit services tend to experience scale economimst Costs e@clinewith increased
use), resulting in lowmarginal costs.

Thesefactors should be considered when evaluating public transit benefits and costs:

1 Public transit can providearioustypes of impactsComprehensive evaluation should consider
all significahbenefits and costs.

1 Many transit services (those that operate at times and plad#s mw demand) exist mainly to
provide basic mobility for nedrivers. Athough relatively costly per trighey are often cheaper
than alternativesuch agaxisand chaiffeuring (drivers making special trip ¢arrynon-drivers,
which oftenrequiresempty return trip), orinadequatemobility for nondrivers.

1 High quality (relatively fast, convenient, comfortable and integrated) transit can attract
discretionary traveles who would otherwise drive, which reduces traffic problems including
congestion, parking costs, accidents and pollution emissimassitthat attracts discretionary
travelers provides consumer welfare (surplus) benefits, since they would not changeifmode
they did not consider themselves better off overall.

9 High quality transit castimulatetransit-oriented developmentompact, multimodal
neighborhoods where residents tend to own fewer vehicles, drive less and rely more on
alternative modeghan inmore automobileoriented communitiesThiscan leverage additional
travel reductions and benefits (besides just the travel shifted to transit).

9 Traffic congestion tends to maintain equilibriuihincreases untitlelays discourage additional
peakperiod \ehicle trips. High qualitfygradeseparatedransit can reduceraffic congestion
costs by reducinthe point of equilibrium offeringtravelers an alternative to driving, and by
supporting compact development which reduces travel distances.

1 Highway expasion tends to induce additional vehicle travel which increases external ©sts
asdownstream congestion, parkirdgmand traffic risk, barrier effects, and pollution emissions,
costs that are avoided if travelers instead shift to public transit. Thpacts should be
considered when comparing roadwaypansions witltransit improvements.

9 Transit travel time unit costs (dollars per hour or cents per minute) vary significantly depending
on travel conditions and user preferences. Many travelers prefgh fuality transit even if it
takes longer than driving because they can work or rest.

1 Theseimpacts and benefittend to increase if transitnprovements aremplemented with
support strategiesuch as walkingnd cycling improvements, more compact deaent,
transportation demand managemeptograms,andefficientroad and parking pricing

9 Since active transport (walking and cycling) and public transit are complements, transit travel
tends to increase public fitness and health.

1 Public transit servicesave three features that justify public support and underpricing: they help
achieve social equity objectives, they experience scale economies, and they can reduce various
external costs including traffic congestion, accident risk and pollution emissions.

1 Current demographic and economic trends (aging population, rising fuel prices, urbanization,
changing consumer preferences, increasing healtheandronmental concerns) aliecreasing
demand fortransitand transitoriented developmentand therefore thaibenefits.
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Introduction

Publictransit(also callegublic transporation, public trangort, mass transiandurban transi)
includes various transport services available to the general public including vanpools, buses,
trains, ferries, and their variains. These services can play various roles in a modern transport
system and provide various benefits, including direct benefits to users and indirect benefits that
result if transit helps reduce automobile travel or create more compélis guidebook

de<cribes how to evaluate the value to society of a particular transit service or change in service.
It explains how to create a comprehensive evaluation framework that incorporates various
categories of impacts (benefits and costs), and how to quantify tlepacts. It discusses how

to determine whether a particular public transit program is worthwhile, and how to optimize
transit services tanaximize benefits. Thisameworkis suitable folevaluaing other modes

such as taxi and ridesharing

There are may reasons to improve transit evaluation. Current transportation evaluation
practicestend to overlookand undervalue maniransit benefitcategories such as parking cost
savings, increased safety from reduced vehicle travel, and reduced chauffeuringdure

drivers JSDOPR016) More comprehensivanalysisncludes more impacts and so is more
accurate This is not to suggest that every transit project is cost effective or that transit is always
the best solution to every transport problems. Howeweansit improvements tend to provide
significantly more value to society than conventional models indicate

There are four general categories of transit improvements to consider:
1 Increased service (more transit vehiclgles)
1 Improved service (more comfollide, convenient, reliable, etc.).
9 Transit usericentives (lower fares, commuter financial incentives, marketing, etc.).
1

Transit oriented development (land use patterns designed to support transit, including
more compact, walkable, mixed development arourahsit stations and corridors).

Since transit service and automobile trateth impose significant costs (including indirect costs
such as congestion, road wear and pollution emissions), improvements and incentives that
increase transit load factors drattract travelers who would otherwise drive tend to provide
large benefits. Described differently, there is little benefit to society from simply operating
OGN} yarid OSKAOtSa O0SEOSLIIAY3A a2LIA2Y ha f dzS¢

amount of automobile travel displaced, and tharious savings and benefits that result
(includingreducedvehicle ownership and operating coatoided roadway and parkirgcility
expansionincreased safetygtc.).

A challenge in developing this document is to maintain a balance between keeping it simple
enough to be convenient to use while providing sufficient detail to address all possible
situations. To achieve thidie document describes concepts and issues, and provides
recommended evaluation techniques and default values, and offers numerous reference
documents for additional technical detail.

I 3
muchtransit is used, howwel G KS & SNIIA O SnediBand j#efefeicesiitte dza S NA Q

R
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Public Transi t 6 s n &dfficeentiand Equitable Transportation System

During most of the last century automobile use (hateomobileincludes cars, light trucks, vans

and SUVs and motorcycles) grew while public transit experienced a downward spiral of declining
ridership, investment, and service quality, and mattomabile orientedland use

development Critics argue that outside a few major egtithere is little reasoto expand transit
service or encourage transit use (Cox 2000; Orski 2000¢urrent trends arencreasing public

i NJ yipbriaei(Litman 2006Puentes 2008)

1

Aging population, rising fuel prices, increasing urbanization, increasing trafigestion,
rising roadway expansion costs, changing consumer preferences and increasing health and
environmental concerns are shifting travel demand fromaawibbile to alternative modes.

Many cities have recently experienced redevelopment and population growth, and some
trends (smaller households, more elderly people, increased popularity of urban loft
apartments, increased value placed on walkability, etgppsrt increased urbanization.

Many cities have reached a size and level of traffic demand that justifies more reliance on
transit, including many areas previously classifiedumirbanthat are becoming more
urbanized, and so experience increased cornigastommercial clustering, land values and
parking problems that make transit cost effective.

There is a growing realization among transportation professionals and much of the general
public that there is a value to having a more diverse transportatistesy.

Per capita rotor vehicletravel peakedabout the year2000in most OECD countries and has
since declined slighthyas illustrated in Figure 1

Figure 1 International Vehicle Travel Trends (Litman 2006)
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Per capita vhkicle travel grew rapidly between 1970 and 1990, but has since leveled off in most OECD
countries, and is much lower in European countries than in the U.S.
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Although transit ridership declined significantly between 1950 and 1970, it subsequently grew,
particularly rail travel, as illustrated in Figure 2.

Figure 2 U.S. Public Transit Ridership Trends (APTA 2016)
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Most communities now have welleveloped automobile transport systems. Increasing
automobile dependence creates a variety of problems, many of which public transit can help
solve. Transit tends to be most effa@ in dense urban areas where automobile problems are
greatest. As a result, when all impacts are considered, transit is often the mostftastive

way to improve transportation.

Table 1 Transportation Problems Transit Helps Solve
1 Traffic congestion 1 Automobile costs to consumers.
1 Parking congestion 1 Inadequate mobility for nomrivers
i1 Traffic accidents I Excessive energy consumption
1 Road and parking infrastructure costs. 1 Pollution emissions

Public transit can help address a variety of transportatiablgms. Transit tends to be most
effectivealongdense urban corridors where these problems are most intense.

There is also growing demand for housing in smart growth communities (Reconnecting America,
2004).The2004American Community Surveyund that consumers place a high value on urban
amenities such as shorter commute time and neighborhood walkability: 60% of prospective
homebuyers surveyed reported that they prefer a neighborhood that offered a shorter

commute, sidewalks and amenities like loghbps, restaurants, libraries, schools and public
transport over a more automobitldependent community with larger lots but longer commutes

and poorer walking conditions (Belden, Russonello and Stewart, ZD@i4)indicates that many
people want to livdess automobiledependent lifestyles if given suitable options such as high
guality transit services and walkable neighborhoods.
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Transit becomes more important as cities grow. In smaller cities transit primarily serves
transportation disadvantagedders(people cannot use an automobile), typically representing
5-10% of the population, but as cities grow in size and density transit servesdisoretionary
riders(people who have the option of driving), and so provides more benefits by reducing traffic
problems and supporting more efficient land use patterns.

Figure 2 Transit Use By City Size
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Transit Dependent

50,000 100,000 500,000 1,000,000
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As a city increases in size, tramgershipincreases as more discretionary riders (people who have
the option of travelindy automobile) use transit.

This does noinean that automobile travel will disappear and all travel will shift to public transit.
However at the margin (i.e., compared with their current travel patterns) marogoristswould
prefer to drive somewhatlss and use alternatives more, provided they are convenient,
comfortable and affordableSatisfying this growing demand for alternative modes can provide a
variety of benefits. When all impacts are considered, improving public transit is often the most
cog-effective transportation improvement.



Evaluating Public Transit Benefits and Costs
Victoria Transport Policy Institute

The Importance of Comprehensive Analysis

Economists and planners have developadous tools for evaluating the economic value of
transportpolicies and projectsThese were generally developed to evaluate a paldr mode

or objective. For example, highway investment models are designed to measure the value of
road improvements, and emission reduction models are designed to prioritize emission
reduction strategies. Because their scapaarrow these toolsare por atevaluating multiple
modes and objectiveNZTA 2010 For example, models designed to evaluate congestion

reduction strategies often ignore emission impacts, and models designed to evaluate emission

reductions often ignore congestion impacts. Mangdels ignore parking and vehicle ownership

O0z2adao { dzOK

& NB RedaDidshl@ighs ta éné problaniktiat exacetbaty others,

and undervalue strategies that provide modest but multiple benefits, such as transit services.

Conventional transporevaluation models tend to undervalue public transit because they

overlook many benefits, as summarized in Table 2. To their credit, many public officials realize

that transit provides more benefits than their models indicate, and so support transit rhare t
is justified by benefit/cost analysis, but this occurs despite rather than as a result of formal
economic evaluation. Decision making would improve with better evaluation models that

account for more impacts.

Table 2

Usually Considered

Financial costs to governments
Vehicle operating costs (fuel, tolls, tire wed
Travelspeed(reduced congestiodelay)
Permile crash risk

Project construction environmental impactg

Conventional Anal si Scope

ve Eval
Often Overlooked

Downstream congestion impacts

Impacts on normotorized travel

Parking costs

Vehicle ownership and mileagemsed depreciation costs.

Project construction traffic delays

Generated traffic impacts

Indirect environmental impacts

Strategic land use impacts

Transpaotation diversity value (e.g., mobility for nedrivers)

Equity impacts

Percapita crash risk

Impacts on physical activity and public health

{2YS (NI} @St SNEQ LINBTSNBYyOS

uati

Conventional transportation planning tends todisaon a limited set of impacts. Some tend to be
overlooked because they are relatively difficult to quantify (equity, indirect environmental impacts,
crash risk), and others are ignored simply out of tradition (parking coststdamgvehicle costs,
constuction delays). These omissions tend to undervalue transit improvements.

Recent research expands the range of impacts to consgigmrblic transportevaluation(Allison,
Lupton and Wallis 201ZTAP 201MfT 2017ECONorthwest and PBQD 20B2rrell D15;HLB
2002;Gwee,Currie and Stanle®011; MKI 2003 Nelson, et al2006 NZTA 20%; PTEG 2013
TRB TEC 2011; UITP 2008jlis,Lawrenceand Dougla2013. This guide summarizes this
research and describes how to apply more comprehensive evaluatepanticular situation.

ono

V-
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Evaluation Best Practices

Economic Evaluatioflso calledAppraisalor Analysi$ refers to methods to determine the value
of a planning option to support decision making (Litman 2001). Economic evaluation involves
quantifying anccomparing the marginal (incremental) impacts (benefits and costs) of various
options in a standardized format.

Economic evaluatioappliesan evaluation frameworkhat specifies the basic structure of the
analysisThis identifies the following

1 Evaluaion method such as cosgffectiveness, benefitost, lifecycle cost analysis, etc.

9 Evaluation criteriawhich are the impacts to be considered in analysis. Impacts can be
defined in terms oproblems or their opposite pbjectiveqfor examplejf congesion is a
problem thencongestiorreductionis an objectivg, andin terms ofcostsand benefits(for
example, congestion reduction benefése measured based on congestion costduced.

1 Modeling techniqueswhich predict how a policy change or prograditl affect travel
behavior and land use patterns.

Base Casaneaning what would happen without the policy or program.

1 Comparison unitssuch as net present value, benefit/cost ratio, or cost peraile,
vehiclemile, passengemile, incremental peaperiod trip, etc.

1 Base year and discount ratehich indicates how costs are adjusted to reflect the time value
of money.

1 Perspective and scopsuch as the geographic range of impacts to consider.
Dealing with uncertaintysuch as use of sensitivity argyor other statistical tests.

1 How results are presentedo that the results of different evaluations can be compared.

It is important to carefully define the questions and options to be considévexieland, et al.
2011) A transit evaluation may coier whether a particular transit investment is cost effective
(benefits exceed costs), which of several transit options provides the greatest net benefits,
whether a transit improvement provides more value than a highway improvement, and how to
optimize ransit service benefits, and how the benefits and costs of a transportation option are
distributed. It is generally best to evaluate several options, which may include a base case (what
happens if no change is implemented), and various roadway improvernrtesmtsit

improvements, and support strategies. Transit options might include small, medium and large
service improvements, plus transit improvements combined with various support strategies
such as ridership incentives and trarsitented development. Alquantified values and
calculations should be incorporated into a clearhganized spreadsheet, which allows various
options and assumptions to be tested and adjusted.

Some benefits and costs have a mirimrage relationship; a cost increase can be abered a
reduction in benefits, and a reduction in benefits can be considered an increase in costs. For
example, reduced accidents can be defined as increased road safety, and reduced congestion
delays can be described as an increase in mobility.
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Transitsystem costs tend to be relatively easy to determine, since most show up in government
agency budgets. The main challenge is therefore to identify all incremental befféféscope

of impacts considered when evaluating public transport policies an@goyaries significantly
between jurisdictions (Gwee, Currie and Stanle¥120Some impacts are difficult to monetize
(measure in monetary units) with available analysis tools and data. Such impacts should be
guantified as much as possible and descriltemt. example, it may be impractical to place a

dollar value on transit equity benefits, but it may be possible to predict the number and type of
additional trips made by transportation disadvantaged people, and to discuss the implications of
this additiond mobility on their ability to access basic services, education and employment.

Analysis should reflectet, marginalimpacts. For example, net pollution reductions are the
reduced automobile emissions minus any additional transit vehicle emissionsiniglarg
(incremental) impacts are sometimes difficult to determine. A 10% increase in transit passenger
miles does not necessarily increase transit costs by 10% if additional ridership occurs when the
system has excess capacity.

Total impacts include bothigkct and indirect effects. Direct impacts result from increased
mobility provided by transit, and reduced automobile use when people shift from driving to
transit. Indirect impacts result when a major transit improvement provides a catalyst for more
accesible land use patterns and a more diverse transport system that result in additional
reductions in automobile travel. THisverage effecis discussed later. Analysis that only
considers direct impacts and uses a skerin perspective tends to undervauransit,

particularly rail transit.

Some impacts can be considered in multiple categories, so it is important to avoid €double
counting. For example, productivity gains from more accessible land use can be counted as land
use benefits or economic bentdj but not both.

Some impacts are economic transfers rather than net gains. It is important to identify their full
effects. For example, from a local perspective, federal grants can be considered a economic
gain, since the money originates from elsewhdrat at a national level these are economic
transfers, resources shifted from one area to another. Similarly, taxes and fares are economic
transfers, costs to those who pay and benefits to those vaumivethe revenue. Both types of
impacts should be caidered in economic evaluation.

In general, it is best to calculate all impacts, including those that are indirectidomgand
affecting other jurisdictions, and identify their distribution by category, tifneationand

group. For example, a transihprovement might provide $10 million dollars in total net

benefits, of which $6 million is direct and $4 million is indirect, $4 million occurs within the first
5 years, $6 million accrues within the local jurisdiction, and $2 accrues to-loe@ne peote.

10
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Evaluating Transit Service Quality

Service qualityefers to how transit is perceived by usebBhinghi (2011)Hale (2011)
Kenworthy (2008)Kittleson & Associates (20g&itman (2008&nd 2014, Marsden and Bonsall
(2006) Stradling, et al. (2007JRB2010; Tomer, et al(2011); and Tumlin, et al(2005)provide
guidanceon evaluating transit service quality from various perspectives, including:

1 Availability(when and where transit service is available), anderaggthe portion of a
geographiarea, or the portion of common destinations in a community, located within
reasonable distance of transit service.

Frequencyhow many trips are made each hour or day).

Travel speedabsolute and relative to automobile travel)

Reliability(how frequentlyservice follows published schedules)

Integration(easeof transferring within the transit systemndwith other travel modes)
Price structureandpayment options

Usercomfortandsecurity including riding on, walking to, and waiting for transit.

Accesibility (ease of reaching transit stations and stops, particulaylyvalking.

=A =4 4 A -4 -4 - -2

Universal desig(ability to accommodate diverse users including people with disabilities,
baggage, inability to understand local languages, etc.).

Affordability (user costselative to their income and other travel options).
Information(ease of obtainingnformationabout transit servicés

Aestheticgappearance of transit vehicles, stations, waiting areas and documents)

=A =4 4 -

Amenity(extra features and services that enhancemusemfort and enjoyment).

Levingeand McGehee (2008ecommend that planners optimize the following factors to
improve transit services and attract new riders:

1. Easels the system or product easy to use? What difficulties do new users face? Transit
exanple: Are your timetables legible and easily decipherable, evendxperienced usefs
Are transfers convenient?

2. Effectivenesddow well does the system help users complete a task? Does the product serve
its purpose well? Transit example: Do routes operaidime and on predictable schedules?
Can passengers make their desired trips in a reasonable time?

3. Comfort.Do users feel safe, secure, and relaxed when using a product? Does use ever cause
discomfort? Transit example: Do stops, stations and vehicléveahicles always feel safe
and secure? Do seats accommodate passengers of different sizes and abilities?

4. AestheticsSimply, does the product appeal to users? Is it visually and tactilely appealing?
How does using the system affect all five senses? ifrexemples: Are vehicles clean,
2dzAARS YR AYaARSK 52 (KS @®laskedligdwd?@reli SY LIS NI { dz
there any unpleasant smells, glaring lights, or blaring audio systems?

11
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Transit service qualitftravel speedcomfort, affordability, etc.)can bequantified using Level

of-Service (LO$ating, which can beeompared withother modes, particularliautomobile

travel, for variousconditionsand user§TRB 2011Rickert2006) A section later in this report
discuss how to evaluate the wa of transit travel time and compare it with other modes, taking
into account useconvenience angomfort.

Travel time mapsiseisochroneglines of constant timefo indicate the time needed to travel
from an origin tovarious destinationgLightfoot and Steinberg 2006Tomer, et al. 201)1For

example, areas within one hour may be colored a dark red, within two hours a lighter red,

within three hours a dark orange, and within four hours a light oraMggs can indicate and
compare travel times by défent modes for exampledifferent colors or map$or automobile

and public transit travelSomemaps show dooto-door transit traveltimesthroughout an area

including walkingwaiting and irvehicletime (Cheng and Agrawal 2018hahand Adhvaryu

2016. OwenandLevinson(2014) measure homt-work doorto-door travel times by walking

cyclingtransit for 46 of the 50 largeshetropolitan areas in the United States

Table 3 compares factors considered in various transit service quality indices. Ndiges i
tend to be more comprehensive, and therefore more accurate at evaluating service quality and
predicting the effects of changes in transit service and accessibility.

Table 3
Indices

Studies

Performance Factors

Transit

Transit Indices Compared (Fu, Saccomanno and Xin 2005

Comfort and

Travel

Local Index of

Frequency; capacity;

Availability?

Convenience?

Demand?

Transit Availability | Rood 1997 route coverage Yes No No
Public Transport Frequency; service
Accessibility Hillman, coverage Yes No No
Transit supply, travel
MassTransit impacts, land use, cost
Indicators Hale, 2011 efficiency Yes No Yes
Transit Level of Kittelson & Ass.| Coverage; frequency;
Service Indicator | andURS 2001 | span; population; jobs Yes No Yes
Qoverage; span;
Transit Service Polzin et al. frequency; travel
Accessibility Index | 2002 demand Yes No Total trips
Galindez and
MirelesCordov | Travel speed; average
Mobility Index 1999 vehicle occupancy No Yes No
Service Quality Hensher et al. | 13 variables (travel time
Index 2001 frequercy, etc.) Yes No Yes
Frequency coverage Yes Yes Yes

Transit Service
Indicator (TSI)

Fu, Saccomann(
and Xin 2005

walk, wait, transfer, and
ride travel time

This table comparesdices used to evaluateansit service quality and prediservice changenpacts
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Travel Impacts

The benefits of a transit service or impronent are affected it¢ravel impacts. The table below
indicates the effects of various types of transit improvements. For example, some
improvements provide basic mobility or increaséadability. Some are particularly effective at
attracting motorists and reducing automobile travel.

Table 4

Travel Impacts of Various Transit Improvements (VTPI 2004

Improves Increases  Provides Reduces
Type of Transit Improvement Service  Affordability Basic Auto

Quality Mobility Travel
Additional routes, expanded coverage, increased service \Y V \%
frequency and hours of operation.

Lower fares, increased public subsidies.

More special mobility services.

< IK<|I<
<

Commute Trip Reductioorograms,Commuter Financial
Incentives and otherTDM Programthat encourage
alternative modeuse

HOV Priority

Comfort improvements, such as better seats and bus
shelters.

Transit Oriented Developmelaind Smart Growth that result
in land use patterns more suitable for transit transportatid

Pedestrian and Cycling Improvemettiat improve access
around transit stops.

Improved rider informaibn andMarketingprograms.

ImprovedSecurity

<
< KK < <1 <<

Targeted services, such as express commuter buses, an
services tdSpecial Events

Universal Desigfaccommodating people with disabilities) \%

Park & Riddacilities.

< K K <KL < < <<

<<

Bike and Transit Integratiofibike racks on buses, bike rout \%

andBicycle Parkingt transit stops).

This table summarizes the travel impacts of vartypss oftransitimprovements. Some improve
conditions or reduce costs for existing riders, others cause shifts from automobile to transit.

User benefitsesult from improved convenience, speed, comfort or financial savingavelers

who would usdransit even witlout those improvements. For example, if transit priority
measures increase transit speeds, current users benefit from travel time savings. Similarly, bus
shelters, improved security at transit stations, reduced fares, and other types of service
improvemens provide benefits to current transit users.

Mobility benefitsresult from the additional mobility provided by a transportation service,
particularly to people who are physically, economically or socially disadvantaged. These benefits
are affected by theypes of additional trips served. For example, transit services that provide
basic mobility such as access to medical services, essential shopping, education or employment
opportunities, can be considered to provide greater benefits than more luxury, sijch as
NEONBFGA2y It GNI @St oa.laArA0 az2oAfAlezé ¢t L
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Efficiency benefiteesult when transit reduces the costs of traffic congestion, road and parking
facilities, accidents and pollution emissions. These benefits depend on the amount and type of
automobile traffic reduced. For example, transit services provide extra benefits if they reduce
urbanpeak automobile trips, rather than effeak or rural trips, because urbgreak

automobile travel tends to impose the greatest congestion, parking ardtfms costs. Table 5
compares mobility and efficiency objectives.

Table 5 Comparing Mobility and Efficiency Objectives
Mobility Efficiency

Reduce costs such as congestion and

Objective Increase mobility by nodrivers. pollution.

Quality of mobility options available, Compared with the same trips made by
Howevaluated. particularly for disadvantaged people. automobile.
Service Structured to provide the greatest possible | Focused on urbapeak travel conditions
distribution and coverage, including service at times and where congestion, facility costs and pollutio
coverage. places where dmand is low. are worst.

Service may be basic (i.e., bus rather than | Intendedto attract discretiorary riders with

rail), but it must be comprehensive and premium quality service (e.g., rail rather tha
Service quality. affordable. bus), Park & Ride, and express services.
Fare structure. Affordable to disadvantaged people. Attractive to commuters.

Public transit has various objectives that sometimes conflict.

These knefits tend to be greatest when transit serve people who face the greatest mobility
constraints, such as wheelchair users and people with very low incomes (Litman and Rickert
2005). Special effort may be made to identify these users in ridership sumdysasenger

profiles, evaluation of vehicle design features such as the portion of vehicles and terminals that
accommodate people with disabilities (including the quality of pedestrian access in the area),
and user surveys that include special featuredatermine the problems that disadvantaged
people face using transit services.

To help analyze travel impacts it is useful to determmiredle substitutiorfactors, that is, the
change in automobile trips resulting from a change in transit trips, and eisavFor example,
when reduced fares increase bus ridership, typicalfpQ% substitute for an automobile trip
other trips shift from nonmotorized modes, vehicle passengers (which may involdeshare

trip that would occur anyway; as opposedaahauffeuredtrip in which a driver makes a special
trip), or induced travel. Conversely, when disincergisech as roadr parking feegause
automobile trips to decline, generally BD% shift to transit, depending on conditiof&ving,

Tian and Spain (20);#ratt (1999) Kuzmyak, Weinberger and Levinson (2003), and TRL (2004)
provide information on the mode shifts that typically result frearious types oincentives.

According taravel surveygAPTA 2007, p.)8more than half of transit passengers ogpthat if

transit service were unavailable they would travel by automobile, either as a driver or passenger
in a private automobile or taxi (a portion of passenger trips woulddesharing using an

otherwise empty seat without increasing vehicle mgeawhile others would behauffeured

tripsthat do increase vehicle travel).
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Indirect Travel Impacts( iLever ageo or AMultipliero Effects)
In addition to direct travel impacts, transit improvemerffects travel indirectly byhelping to

createmore compact, multimodal, transit-oriented communities where peopleend toown

fewer motor vehiclesand drive less than would otherwise occAP(TA 2009%vans and Pratt

2007;Ewing andHamidi2014 Gallivan, et al2015; Holtzclaw 2000; ICF 2008 and 2010;

Kenworty 2008;Lem, Chami and Tuck2@l11; Litman 2004 This is called kverageor

multiplier effect.

Described differently, high quality transéquiresan integrated system that includedtractive
stops and stations surrounded by compaadmixed devebpment, good walking andicycling
conditions, reduced parking suppbBnd more social acceptance mdn-auto trave| together

these are calledransit @iented Developmen{TOD). Where these features exist, residents own
fewer automobiles, drive less, amdly more onnon-auto modes Residents of transitriented
developments tend to owabout half as many vehicles, generate half as many vehicle &k
rely on walking, cycling and public transit much more than in automalaifeendent
communities(Arrington and Sloop 20Q9Even at the regional level, which includes many
automobile-oriented neighborhoods, residents of regions with high quality transit tend to drive
5-15% fewer annual miles than regions withbasic quality transit (Litman 2004, Liu 2007
These regional impacts indicate that the effects are not justsséiction, in which households
that are constrained in their ability to drive choose trarmiiented neighborhoods.

For example, one majatudy found that high quality transftCF2010:
9 Directly reduces 2% of VMT, transportation fuel use and GHG emissions.

i By stimulating compact development, indirectly reducezl% of VMT, transportation fuel use
and GHG emissions compared to a hypothetical scenario without transit.

1 Reduces 8% ofggregate VMT, transportation fuel use and GHG emissions in U.S. cities.

9 Adding a rail station to a neighborhood that did not previously have rail access is associated with
a 9% increase in activity density (combined population and employment density) wikmile
radius of the rail station. This causes a 2% reduction in VMT, transport fuel use and emissions.

This indicates that indirect impacts are generally much larger than direct effects: the average
ratio of land use benefits to ridership benefésross all U.S. cities is 4:1, with significant
variations between citiesThese changes correspond to a 6% household VMT reduction due to
the land use effect and an additional 8% VMT reduction due to the ridership .effect

Similarly Wedderburn (2013) fond that in New Zealand urban areasch additional daily
transittrip by driving age (18+ years) residents is associated®@bmore walking tripand
1.21kilometers(in addition to the walking trips to access trafpsandreductions oftwo daily
ca driver trips and 45 vehiclems, approximately 5 kilometers of reduced vehicle travel for
each additional transit passengkm. Similarly Ewing and Hamidi (2014) found thatPortland,
Oregon compared with households in highwayiented neighborhoodshouseholds in
neighborhoods along a new LRT route had:

1 0.60 more average daily transit trips, which reddexpected average VMT by 0.47.

1 0.60 more average daily walk trips, which reddiexpectedVMT 0.72.

1 0.14 thousandncrease in activity densitygsidents and workedswvhichreduced VMT 0.26.
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Thesehree effectstogether reduce average daily househ®MWTfrom 15.44 to 14.01or 1.43
fewer vehiclemiles travelled a 9% reductionThe transit multiplier ishis reduction divided by

the reductioncausedby shifts from auto tdransit (1.43/0.47), or 3.04The table below
summarizes the results of various studies. These studies indicate that, due to these leverage
effects, each transit passengmrile typically reduces 3 to 6 automobile vehiotdes.

Table 6 VMT Reductions Due to Transit Use (Holtzclaw 2000; ICF 2010; Litman 2004a)

Cities Vehicle-Mile Reduction Per
Transit Passenger-Mile

Older Systems = Newer Systems

Ewing and Hamidi | Portland, Oregon neighborhoods 3.0
Holtzclaw 1991 San Fracisco and Walnut Creek 8.0 4.0
Holtzclaw 1994 San Francisco and Walnut Creek 9.0 1.4
ICF 2008 and 2010 | U.S. cities 34
Litman 2004 50 largest U.S. cities 4.4
NewmanKenworthy | Boston, Chicago, NY, SF, DC 2.9
NewmanKenworthy | 23 US, Canadian, Ausieal and European cities 3.6
PushkarexZupan NY, Chicago, Phil, SF, Boston, Cleveland 4.0
Wedderburn (2013) | Auckland, Canterbury and Wellington regions 4.9

This table summarizes results from several studies indicating that high quality publicsesmigié
can leverage automobile travel reductions by changing transport and land use patterns.

This does not mean that every transit improvemeatisesall these impactsBasic bus service

or a parkandride basedsuburban commuterail linemay fail tosignificantly change
transportationandland use patterns. Significant trangitprovements integrated with

supportiveland usepolicies plusvehicle travel reduction incentives such as efficient parking
pricingare generally needed to cause significeaductions. Rail transit tends to have the

greatest impact on pecapita vehicle travel because it tends to have tineest stations and

therefore thegreatest land use impacts. Buswaygpacts are generally smaller but can still be
significant if implemeted in conjunction with other supportive policies. As a result, bus service
improvements generally provide significant benefits compared with expanding highways and
parking facilities, but smaller benefits than provided by rail transit improvements, pkatig

over the longrun. As a result, debates between bus and rail transit generally boil down to a
tradeoff between lower initial costs but smaller loterm benefits of bus, versus higher initial

costs but larger potential lonterm benefitsofrail. TE A S A &d&dzSa NS RA&AO0dzA&aSR )
+SNBdza . dza C¢NlyaAdé aSOGA2Yy 2F GKAA NBLRNIO®

16



Evaluating Public Transit Benefits and Costs
Victoria Transport Policy Institute

Transit Demand

Travel demandefers to the number and types of trips people would make under particular
conditions.Variousdemographic, geographic and econorfactors dfect transit demand as
summarized in the following table.

Table 7 Factors Affecting Transit Ridership (Alam, Nixon and Zhang 2015)

e Internal Factors ~
/ External Factors \

" Transit Service Quantity:
Demographic Factors: « Passenger Miles

+ Population » Passenger Trips

: g::e * Headways

- Poverty - Sonvicn & tequancy Many factors affect transit travel
- Educati . Vehi

. Im:'\cigr:)nr:s . 3::;2:2 Kﬂl?,:r: demand .

= Population Density - Revenue Hours
Transit

* Revenue Miles
< Geographic Factors: >—"< - Safety > —»| Travel
- Size of MSAs Demand

+ Metropalitan Sprawling
Index

Transit Orientation
Pattern:

= Radial

Socioeconomic Factors: * Multidestinational

» Median Household
Income

* Carless Households Transit Fare:

- Gas Price » Ticket Price

K _‘/ - Fare Revenue
A

For example, a particular transit route might attract 5,@20lyridersunder current onditions;
6,000 if more employers offered subsidized transit pasgd300 if a local college hadJaPass
program; 8,000 if service glity improves 9,000 ifPark & Ridegpedestrianandbicycleaccess
improved; and 10,000 iparking price increase

For more information on transit demand s@ééam, Nixon and Zhang 201&itleson &

Associates 21B; TRL 2004McCollomand Pratt 2004 Thompsonegt al. 2012 Currie 2005CTS
200%; Taylor, et al. 20Q9Abt Associates 201Greerandvan Carpen2011; Walker2012 and
2015;Wang 2011Chen and Naylor 201 and Xie 2012TheTransit Performance Monitoring
System(TPMSusesa standardizedurveyto evaluate transit us¢FTA 2002)Coogan, et al.
(2018) analyze how various demographic, geographiteconomic trends are likely to affect
future transit demands, including ways that age, location, preferences, transit service quality,
and availability of alternatives (including rittailing).CTOD (2009) describmethods for
improving transit demandnodek. Brown and Thompson (2009) identify various service design
factors that affect transit ridershig.itman (2005c) discusses how demographic and economic
trends areincreasingdlemandsfor alternative modes, including public tranditarash, et al.
(2008)use marketing analysis tools to evaluate factors that can influence transit ridership.

Most urban regions have models that predict how various transport system changes affect
travel patterns. However, such modeiee often poor at measuring factorsueh as rider comfort
and pedestrian accessibility, and may understatethe benefits of many transit improvements
andincentive® d a2 RSt Ay 3 L Y LINE JBekiByadtstan be exaluatdd by n 1 H 0
comparing the generalized (travel time and incrememalnetary) costsof transit and driving to
calculate d@ransit competitiveness rati@Casello 2007). The higher this ratio the relatively less
attractive transitiscompared with drivingBecausdravelers have diverse needs and

preferences, some will chge transit even if the transit competitive ratio is relatively high, so
models must be calibrated and adjusted to reflect specific conditions.
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Specific ctors that affect transit ridership are discussed in more detail below.

Price Changes

The overall agrageElasticityof transit ridership with respect to fares-8.4, meaning that each
1.0% fare increase will reduce ridership by 0.4%, although this varies depending on various
geographic, demographic arservice factors (Hensher and King 1998; Pratt 1999; TRL 2004;
Litman 2004). Transit dependent riders have lower elasithan discretionary riders. Large
cities tend to have a lower elasticity than small cities, and geak travel is less elastic tha
off-peak.Commuter Financial Incentiveisi which employers provide subsidized passes or cash
to transit riders, can be effective at increasing ridership/v.comnutercheck.con. Parking
Pricingcan significantly increase transit travel. Even a modest fe ($4r day) often doubles
transit commuting. Th@rip Reductia Tablesndicate the reduction in automobile trips that can
be expected from various combinations of commuter financial incentives.

Table 8 Transit Ridership Factors (JHK 1995; Kain and Liu 1999)
Factor . Elasticity
Regional employment 0.25
Central citypopulation 0.61
Service (transit vehicle mileage) 0.71
Fare price -0.32
Wait time -0.30
Travel time -0.60
Headways -0.20

This table shows elasti@sof transit use with respect to various factors. For example, a 1% increase
in regional employmeris likely to increase transit ridership by 0.25%, while a 1% increase in fare
prices will reduce ridership by 0.32%, all else being equal.

Service Quality

Pratt (1999) concludes that the elasticity of transit use with respect to transit service averages
0.5, meaning that each 1% increase in transit service frequency, vehicle mileage or operating
hours increases ridership 0.5%though this variedepending on servictpe, demographic

and geographic factors. Elasticities of 1.0 can occur where senpea@into suitable areas.

Pratt finds the elasticity of transit use to service expansion (e.g. routes into new parts of a
community) is typically 0.6 to 1.0, meaning that each 1% of additional service increases ridership
by 0.61.0%. New bus servisén acommunity typically achieve 3 to 5 annual rides per capita,
with 0.8 to 1.2 passengers per bmsle, with higherratesin some circumstances, such as
university towns or suburbs thi rail transit stationsIimproved information, easio-remember
schedulegfor example, every hatiour), and more convenient transfers can increase transit
use, particularly in areas where service is less frequdattiple regression analysis by Alam,
Nixon and Zhang (2015) indicates that bus travel demand is transit sugmaly, verage
headways, service coverage and intensity, revenue hours, safety and gas prices.
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Demographics
About 12% of U.S. residents use transit at least once during a two month period, ai®d this
higheramong certain groups (Polzin and Chu 1999kRkdp tends to be higher for:

=A =4 4 -4 -4 -—a -

People who cannot drive (people with disabilities, youths, immigrants, etc.)
People with low incomes.

Residents of larger cities.

Commuters to major commercial centers.

High school, college and university students.

Employeesvho are offered financial incentives.

People who consider driving stressful.

The Transit Performance Monitoring System (TPMS) surveys provide information on transit
ridership demographics (FTA 2002). Phase | and Il surveys found the following:

T

Most transt trips are made by loweincome household. Lowancome riders (less than
$20,000 annual income in 2002) represent 63% of riders in small transit systems, 51% in
medium size transit systems, and 41% of riders in large transit systems.

Most transit tripsare made by riders who use transit frequently. About 70% of trips are
made by people who use transit at least five days each week. However, a large number of
people use transit infrequently, so 70% of people who use transit during the last month use
it less than five times a week.

There is constant turnover of the transit user population. 38% of current transit trips are
made by people who have relied on transit for less than one year, and 29% of transit trips
are made by people who relied on transit orefour years.

Work, school (including university and college) and shopping trips account for 75% of all
trips.

Overall, 33% of transit trips made by discretionary riders (people who have the option of
driving a car). This increases to 36% in large tragsiems.

Walking is the most common form of access to transit stops. 6.2% of bus riders and 27% of
rail riders drive to their transit stop. Nearly all transit trips end with a walking link.

More than half (56%) of transit passengers report that if tragsivice were unavailable
they would have traveled by automobile, either as a driver or passenger. Below is what
respondents report they would do if transit service were unavailable:

Drive 23%
Ride with someone 22%
Taxi/Train 12%
Not make trip 21%
Walk 18%
Bicycle 4%
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Table 9 shows responses to a national survey of why people use transit. This indicateartiat
users either cannot drive, but other factors also motivate transit use, including financial savings,
avoiding the stress of drivi and environmental concerns.

Table 9 Reasons for Using Public Transit (CUTR 1998
It is the most convenient way for me. 82%
Costs less than driving. 78%
Do not have access to a car. 74%
Avoids stess of driving on congested roads. 74%
Is better for the environment. 72%
Avoids buying a car. 65%
L R2y Qi RNAGS 2NJ] R2Y! 60%
It is faster than a private vehicle. 43%
| can do something else 41%

Land Use Factors

Various landuse fa2tN&E | FFSOG GNI yaAid dzasS oa[FyR ''aS LYLIO

capita transit ridership tends to increase with city size (see table below), population and
employment density, and the quality of the pedestrian environment.

Table 10 Portion of Residents Using Transit At Least Once A Month (NPTS 1995)

City Size (Thousands) Residents Riding Transit Monthly

Under 250 1.4%
250499 5.4%
500999 6.4%
1,0002,999 10.0%
3,000+ 21.0%
Nationwide 11.6%

One study found the elasticity of transit riddip with respect to residential densities to be

+0.22 in U.S. urban conditions, meaning that each 1% increase in density increases transit
ridership by 0.22% (PBQD 1996). Destination density (e.g., clustering of employment) tends to
have a greater impadain transit ridership than residential density.

Per capita rail transit ridership rates tend to increase in an areapuifulation density,
commercial and governmental land usaserage income, bus service connectivity, distance to
central stationand rvice frequencyChan and Miranddoreno2011) Bento, et al, (2003)
found that each 10% reduction in the distance between homes and the nearest transit stop
reduces automobile commute mode split by 1.6 percentage points, and reduces total annual
VMT by &out 1%. Kuby, Bamala and Upchurch (2004) evaluate varitiasit stationarea
factorsthat affect ridershipOn average 100 jobgenerate2.3 daily boardings, 100 residents
generate9.3 boardings, 100 pat&ndride spacegenerate77 boardingseach bus generates

123 boardings, and an airpagenerates913 boardingsThese land use factors should generally
be evaluated at a micrscale (using small transport analysis zones) along a transit corridor or
around a transit station.
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Some people claim that #ast 12 employees or residents (equivalent to about 6 housing units)
per acre are needed to justify more than basic transit service, but other factors are as important
as density. Strategies such as campus transport management, commute trip reductpamso

and parking pricing can significantly increase transit ridership rates, and so justified quality
transit services in areas with lower densities. For example, if a comprehensive commute trip
reduction program doubles transit ridership rates, an empient center with 6 employees per

acre would generate the same transit demand as an area with 12 employees per acre that lacks
such a program.

Quiality and Type of Transit

There is considerable debate concerning the differences in demand between buailanansit

(see discussion of bus versus rail transit later). Rail transit is considered more comfortable and
prestigious than buses, and so tends to attract more discretionary riders (travelers who would
otherwise drive) within a service area (Pushkaaed Zuparl977 CTS 2009&cherer and
Dziekar012), but a bus network can reach more destinations, providing more comprehensive
and direct coverage through a region, and so may attract more riders with a given level of
investment (GAO 2001). Rail passersgappear willing to accept more crowded conditions than
bus passengers (Demery and Higgins 2002).

Table 11 Demand Characteristics By Transit Mode (CTS 2009a)

Transit | Definition Type of Rider How Transit is Trip Characteristics
Service Accessed

Home locations spread

Hiawatha Lindrom Balanced throughoutthe region; the

downtown between bus, average rider lives more
LightRail Minneapolis to its | Mostly (62%) walking, and park| than three miles from the
Transit southern suburbs | choice and ride line.

Connects suburban

ExpressBus areas directly to Primarily choice About half park Home locations clustered a
downtowns (84%) andride (48%) the line origin
Premium Express routes withl Almost exclusively | Mostly park and | Home locations clustered a
Expres8us coach buses choice (96%) ride (62%) the line origin
Serves urban and Home locations scattered
suburban areas Mostly captive Nearly all bus or | along route; most riders live
Local Bus with frequent stops | (52%) walk (90%) within a mile of the bus line

R At GNI Y&AG GShoRe KNIEIRGekicAaNbrandit used WD caulddjive

dties with larger rail transit systemisave significantly higher per capita transit ridersfiijgman

2004a)Baum{ Y26 FYR YIKYy OHNhpo¢TORSEKOBOANK Saz2 Rl KJ
established rail transit systems in 1970) transit commuting declined from 30% in 1970 to 23% in

Mppn® LY aySg NIAfé OAGASE O0OAGASA GKIG o0dzAf R NI
commuting declined from 8%16% during this period. In cities without raibnsit commuting

declined from 5% to 2%. Transit use in all three samples remained relatively unchanged

between 1990 and 2000. They conclude that rail transit does tend to increase total transit

ridership f local land use is supportive.
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New North Americarrail and BREystemshave attracted higher ridershifpan would be
expectedbased orstandard modeling of service frequency, travel speed and fare (Henry and
Litman2006 Hidalgo and Carrigan 2010 isnow common practice tapply up to a 12minute
iNNGSKAOE S (NDPE & (i bholdhaliiy BaRsit service (thas, the travel times for
mode-split modelingpurposes would be 12 minutes shorter for rail in comparison to
conventional local buservicg due to factors such as more attractive vehicles and nicer stations
(Kittleson & Associatez007).

Various studies indicate that rail transit tends to reduce vehicle ownership and travel, and
stimulate more walking and cycling activity (CTS 2@8arnet andHouston 2013 analyzed

the impacts that a new light rail line had on travel activity by nearby households. Comparing
before and after travel surveys (including GPS and accelerometer data) they found that
households located within a hatfiile of rail stationgeduced their dailyehicle traveby 10 to

12 miles(about 30%) relative to comparable households located further away

Demand for transit varies by sére quality and incomeédemand for basic quality transit service
(such as infrequet bus routes) tends to be greatest for lowieicome people, and declines as
incomes rise. Demand for highquality transit service (such as express commuter buses and
frequent rail transit, with transioriented development) tends to increase with inconaad is
potentially much greater in toteghan for basic servigavhich is why cities with high quality
transit tend to have much greater per capita riderst®TA 2007, Table 13)
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Transit Impact Categories

This section describes various types ofgiaimpacts (benefits and costs), and how they can be
measured. For additional information on these impacts gegah (2009 and Glen Weisbrod, et al.
(20179.

Transit Expenditures

Most direct transit service costs can be obtained from transit agencydiadgable 2
summarizes U.S. transit service expenses and revenues. Detailed information is available on
individual transit agencies. Expenses are dividedéatal (facilities, equipment and other
durable goods) andperation(labor, fuel and maintenace). Some costs, suchRark&Riddots,
special roadway facilities such as bus pullouts, and increased road maintenance due to bus
traffic may be borne by other government agencies.

Table 12 2002 U.S. Public Transit Expenses and Revenues (APTA 2003)

Bus ’ Trolley ’ Heavy Commuter Demand Light  Other Totals
Bus Rail Rail Response  Rail
Capital Expenses (m) $3,02¢ $189  $4,564 $2,371 $173 $1,723 $253 $12,30]
Operating Expenses (m) $12,58¢ $187]  $4,268 $2,995 $1,636 $778 $457 $22,904
Total Expenses (m) $15,615 $374 $8,832 $5,366 $1,809 $2,507 $710 $35,204
Average Fare Per Trip $0.71] $0.51] $0.93 $3.5( $2.34 $0.67] $1.14 $0.97
Fare Revenues (m) $3,731 $60  $2,493 $1,449 $185 $226 $132 $8,274
Subsidy (Total ExpFares) $11,882 $315 $6,339 $3,917 $1,624 $2,276 $577 $26,931
Vehicle Revenue Miles (m) 1,864 13 604 259 525 60 102 3,427
Passenger Miles (m) 19,527 188 13,663 9,450 651 1,432 1,034 45,944
Avg. Veh. Occupancy 10.5 14.1] 22.6 36.5 1.2 23.9 10.1 13.4
Avg. Trip Distance (miles) 2.8 8.7 4.5 1.6 0.2 5.6 1.1 2.9
Unlinked Trips (m) 5,268 116 2,688 414 79 337 116 9,017
Total Expend. Per Pass. Mil¢ $0.8( $1.99 $0.65 $0.57 $2.74 $1.7 $0.69 $0.771
Fare Rv. Per Pass. Mile $0.19 $0.32 $0.1§ $0.15 $0.28§ $0.1§ $0.13 $0.14
Subsidy Per Pass. Mile $0.61] $1.68 $0.44 $0.41 $2.5(Q $1.59 $0.54 $0.59
Percent Subsidy 76% 84% 72% 73% 90% 91% 81% 769
m=million

Costs and revenueasten vary significantly within a picular system, line or route. Various
methods can be used to calculate the marginal cost of a particularTtayldr, Iseki and Garrett
2000) Urbanpeaktravel tends to havénigher costandhigher load factorsand so tends to
have greater cost recove (lower subsidies) per passengaile compared with ofpeak and
suburban/rural transit service. Transit improvemeuistscan vary widely depending on
conditions, such as whether righté-way already existand the type of facilities and vehicles
needed.

Measuring Transit Service Costs

Transit service costs can usually be obtained from transit agencies. Costs for specific transit
programs and projects require analysis of the particular situation. For comparison it is usually
helpful to calculate costger passengemile or passengetrip.
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Impacts on Existing Transit Users

It is important to take into account impacts on existing users when evaluating changes in transit
service and fares. This refers to trips that would be made by transit regardlegsetifer a new
program or policy is implementegiadditional transit trips made by existing users are

considered in thenobility benefitssection below.

Measuring Existing User Impacts

Financial impacts on existing users can be measured directly. Fopkxamew $25 per month
transit subsidy provided to 100 current transit commuters represents a $30,000 annual benefit
to that group. A 25¢ fare increase that applies to 1,000,000 annual fares represents an annual
cost of $250,000 to existing riders.

Sone service quality changes can be measured with conventional transportation evaluation
G§SOKYAIldzSasx &adzOK |a LI eAay3d adl yiwRanR0BY. G NI @St (A
Travel time is generally valued at half average wage rates, and two ortthreg higher for

time spent driving in congestion, walking to a transit stop, waiting for a bus, or traveling in

unpleasant conditions such as in a crowded vehicle, as discussed later in this report. A value of

about $8 per hour is appropriate for trangiassengers who are comfortable, and a higher value

of $16 per hour is appropriate for time spent walking, waiting or riding in a crowded transit

vehicle.

For example, a bus priority strategy that saves transit riders 10,000 hours annually in travel time
can be valued at $80,000 if all passengers have a seat, or $120,000 if half of those passengers
are standees for whom travel time savings values are doubled. Similarly, benefits to existing
users of increased transit frequency or coverage can be calcutaieet on their reduced

average walking and waiting time.

A service improvement that increases rider comfort, such as reducing crowding, can also be
measured by reducing the cost per hour of passenger travel time. For example, if a transit
service improveent reduces crowding for 5,000 passengjeurs, the benefit to these riders

can be considered worth $40,000, because it eliminates the travel time cost premium associated
with uncomfortable conditions, reducing travel time costs from $16 to $8 per hour.

Of course, these values should be calibrated and adjusted to reflect specific conditions, taking
into account local wages and preferences, or to be consistent with other analysis models. Other
service quality impacts may require more research to meastoeexample, to quantify the

value to existing users of improved use information or rider security it may be necessary to
survey riders to determine how many are affected (the number who use a new information
service or travel on vehicles with improved sgty) and the value they place on such
improvements.
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Mobility Benefits

Mobility benefitsresult from additional personal travel that would not otherwise occur,
particularly by people who ar@ansportation disadvantagedhat is, they cannot drive due
physical, economic or social constraints.

In most affluent communitiesyblic transit currently serves a relatively small portionaiél

trips, but the trips it serves tend to be high value to users and society. Transit priisies

mobility by helping people reach important activities such as medical services, education and
employment. This is particularly true of Demand Response service riders, who have moderate to
severe disabilities that limit their mobility, and often are unable to use ottarel options, such

as walking, cycling or conventional taXBgcause users have few alternativiiguyen

Hoang and Yeung (2010) find that paratransé@vice benefitdar exceedheir costs.Demand

for such services, and therefore the benefitgodviding public transjttends to increase as the
number of seniors, people with disabilities, and low income households increases in a
community(Bailey 2004).

Transit is an important travel mode for leand middleincome nondrivers. For example, a
household earning $20,000 annual income typically spends about $2,500 per year on transport.
On this budget, a noedriver in a community with no transit servicarconly afford about five

taxi trips per week (resulting in an inferior level of mobility). A-«oner who lives in a

community with good transit service can purchase a monthly transit pass and still afford two or
three taxi trips per week, providing alatively high level of mobility, although still inferior to a
motorist.

Several categories of mobility benefits are described below. Some of these categories may
overlap. They tend to differ in their nature and distribution (who benefits), and so teflec
different perspectives. For exampleser benefitdend to interest residents angublic service
supportinterests public officials.

User Benefits

This refers to direct benefits to users framproved convenience and comfort (for example,

from more freqient and less crowded services, or nicer stations),inogtased access to

services and activities, including medical services, economic benefits from schooling and

employment, enjoyment from being able to attend social and recreational activities, and

financial savings from being able to shop at a wider range of stores. By improving access to

SRdzOF GA2y YR 2206a (UNryaird OFly AYyONBIFasS LIS2Lx S

People living near public transit service tend to work more days each year than those who
lack such access (Sanchez 1982008, and many transit commuters report that they

would be unable to continue at their current jobs or would earn less if transit services were
unavailable (Crain & Associates 1999). Similarly, a significant portitudehss depend on
public transit for commuting to schools and colleges, so a reduction in transit services can
reduce their future productivity. A survey of adults with disabilities actively seeking work
found 39% considered inadequate transport a barteeemployment (Fowkes, Oxley and
Henser 1994). Increased employment by such groups provides direct benefits to users and
increases overall productivity. Economic benefits to businesses are discussed in the
Productivity Benefits section.
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Public Service Support

Transit can support government agency activities and reduce their costs. For example,

without transit services some people are unable to reach medical services, sometimes

resulting in more acute and expensive medical problems. Transit services paedigte

welfare dependency and unemployment (Multisystems, eR800). Transit access can

FFFSOG StRSNXIeé& FyR RAalFIO6fSR LIS2LX SQa lFoAftAaGe 0
facility costs. As a result, a portion of public transit subsidies maffbet by savings in

other government budgets.

Equity Benefits

Transit helps achieve community equity objectives. It increases economic and social
opportunities for people who are economically, physically and socially disadvantaged, and
helps achieve agjty objectives, such as helping physically and economically disadvantaged
people access public services, education and employment opportu(itien 2008 CTS

2010. Transit helps reduce the relative degree that faivers are disadvantaged

compared wih motorists.

Option Value

Transit services providaption value referring to the value people place on having a

transport optionavailable even if they do not currently useEGONorthwest and PBQD

2002. Transit can provide critical transportationrgiees during personal and community

wide emergencies, such as when a personal vehicle has a mechanical failure, or a disaster
limits automobile traffic. This is similar to ship passengers valuing lifeboats, even when they
R2y Qi dz&aS GKSY®

Measuring Mobility Benefits

Improving passenger convenience and comfort, for example, from more frequent service,
reduced crowding or nicer vehicles and waiting areas, can provide travel time savings. Even if
the amount of time passengers spend travelling does not beclinit travel time costs (cents

per minute or dollars per hour) can decline significantly (Litman 2008a and 2008b). For example,
passengetravel timeunit costs can increase as much as 2.5 timegrycrowded vehicle

(6 standingpassengers/m2gomparel with uncrowdedvehicles with available seats.

Transit mobility benefits tend to be particularly importantgeople who cannot or should not

drive, includingeenagersseniors,and peoplewith disabilities(Tomer, et al. 2011 he value to

users of icreased mobility that results from price changes (fare reductions, targeted discounts,
parkingcasi dzi 0 OF'y 06S OF f OdzZ F i SR dzaAy3a (GKS aNM¥z S 27F
price change times the number of trips that increase or decrease, wépsents the

midpoint between the old price and the new price, and therefore the average incremental value

of those trips $mall 1999)For example, if a 50¢ fare discount increases transit ridership by

10,000 trips, the value to users of these additibtrips can be considered to be $2,500 (10,000

x 50¢ x %%).

In most situations the maximum value to users of mobility benefits is their savings relative to

the same trips by taxi, which represents a more costly but nearly universal alternative. Cheaper
alternatives are sometimes available, such as walking, cycling, ridesharing or telecommuting, so
actual average savings are probably about half taxi savings, assuming a linear curve of
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alternative travel option costs. Transit fares average about 15¢ peepgssmile, while local
taxi service costs average about $2.25 per vehitle. This implies about $1.00 net benefits per
passengemile when a typical bundle of alternative mode trips shift to transit.

Demand response services tend to provide signitiyagreater mobility benefits because users
face greater transportation constraints, and alternatives options tend to be more costly. Many
demand response clients are unable to walk, and some cannot be accommodated by
conventional taxis because they haaege mechanical wheelchairs or other special needs. As a
result, mobility benefits can be doubled or tripled when evaluating demand response services.

Transit @ssengers who shift from current rot® new routes can be assumed to benefit from
increasel convenience and time savings, typically from reduced walking. This can be calculated
from user surveys or estimated at-8lvalue of travel time savings per trip, assumirb0s

minute average time savings per tripeigh, ScotandCleary (1999) develogea methodto

j dz yGAFe& | mobiyygapdtsfired ashe additional transit service required Zero-
vehiclehouseholddo have mobilitycomparable tovehicleowning households. This idaver-
boundestimate because it does not account foxmet mobility needs ohon-drivers in vehicle
owning households. Only about a third of transit needs are currently being met in typical areas
they evaluated, indicating a level of service (LOS) ratifitable B). The approach can be used

to predict the LOSating that will occur under various transit planning and investment scenarios.

Table 13 Transit Level Of Service Ratings (Leigh, Scott & Cleary 1999, p. VIII-3)

Portion of Demand Met Transit Level-Of-Service
90% or more

85-89%

50-74%

2549%

10-24%

Mm|o|O|w|>

Less than 10%

MacDonald (2013) developed a method of valuing transit trips, and the social costs of reduced
transit services that would reduce nddNA @ S NE ScoNogthivast ahdiPB@D (2002)

describe methods of calculatimmption valuebr 8 SR 2y 02y adzYSNEQ gAff Ay3IyS3
maintaininfrequently usednobility optiors. This involves assigning an additional value to each
transit trip made by infrequent usertaking into account the cost to consumers of each trip, the
volatility of demanl and the expected frequency of such trips. In typical conditionsghialued

at $1-10 annual per resident who expects to use transit a few times each $tanley, et al.
(2011)identify fivesocial exclusionisk factorsjncludingincome, employmentpolitical
engagementparticipation in selected activitieandsocial supportApplying this analysis in
Melbourne,Australia they find thatesidentsaged over 1%verage3.8dailytrips (all modes),

but asthe number of social exclusion risk factansrease, trigrates declingeduce people with

2 or more risk factors go down to about 2.8 trips per dajoarer. The difference between 2.8

and 3.8dailytrips represents a major decline stommunityinvolvement Porter,et al. (2015)

define and evalua various benefits from improving mobility for naiivers including improved
access to education and employment, and therefore increased economic productivity, plus
improved healthcare access, and resulting reductions in the costs of providing pubiieserv
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Theresearchers estimate thearginal rate of substitution between househotttomeand trip
making taking into accounsocial exclusiofactors An additional trip isconsideredequivalent
to undertaking an additional activityrhis analysis indies that an additional trip (an additional
activity) is valued at approximateB20for anaveragencomeresident BEven higher valueare
accorded toadditional trip making byower incomehouseholds. This $20 value is abfuir
times the value ascrilwkto suchtrips usingtraditional economic evaluation (what economists

g2dzZ R OF f €
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By improving affordable mobility options for physically, economically and socially disadvantaged
people,high quality public transit tends to increase economic opportunity (access to education,
employment, affordable goods and essential services) and economic residence (ability to
respond effectively to unexpected economic stresses, such as reduced incormas financial
burdens).Recent studies indicate that households in trafgiented areas have lower mortgage
foreclosure rates, indicating better economic resilief§@dderbloom Riggsand Meares2015;

Won, Lee and Li 201%Welch,Gehrke and~arber 2018

The table below summarizes the four categories of transit mobility benefits and describes how
they can be measured. Mobility benefits affected by the degree to which transit service is
available to those who need it and the additional mobility it provides. For example, a transit
improvement that increases the number of households and worksites within a quaiterof

bus service, or wih increases the number of trips made by people with disabilities or low
incomes, can be considered to increase mobility benefits. These benefits sometimes overlap; for
example, some user and public service benefits can also be counted as equity benefits.

Table 14 Categories of Basic Mobility Benefits
Category Description How To Measured

User Benefits

Direct user benefits from the additional
mobility provided by public transit.

Rider surveys to determine the degree that users
depend on transit, the typesf trips they make, and
the value they place on this mobility.

Public Service

Supports public services and reduces

Consultation with public agency officials, and survi
of clients, to determine the role transit providés

Support government agency Costs. supporting public service goals.
Increased Increased education and employment | Survey transit users to determine the portion that
productivity participation by nordrivers. rely on transit for education and employment.

Reduced high

Inadequate travel options forcehigh risk
motorists to drive, and prevens society

Surveyexperts and the public to determine whethe
inadequate travel options are increasing the amou

risk drivers from revoking driving privileges of high risk driving.
Degree to whih transit helps achieve | Portion of transit users who are economically,
equity objectives such as basic mobility socially or physically disadvantaged, the importan
for physically, economically and sociall| of mobility in amelioratiig these inequities, and the
Equity disadvantaged people. value that society places on increased equity.
Transit servicguality. The value society places on
The value of having an option for basicmobility. EcoNathwest and PBQD (2002)
Option Value | possible future use. describewaysto quantify transit option value.

Public transit provides several types of mobility benefits. These are affected by the degree that transit
service is available to nadrivers, and the amount of increased mobility it provides.
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Efficiency Benefits

Efficiency benefitgonsist of savings and other benefits that result when transit substitutes for
automobile travel. These include vehicle cost savings, avoided chauffeuring, congestion
reductions, parking cost savings, increased safety and health, energy watimeand pollution
emission reductions.

These benefits are affected by the magnitude and type of automobile travel reduced. For
example, urbarpeak automobile travel reductions tend to provide greater benefits than

reductions in urban ofpeak or ruratravel, due to greater reductions in traffic congestion,

parking costs and other costs. As a city grows, these benefits become increasingly important as a
cost effective way to reduce traffic congestion and parking problems, particularly to major
commercidand employment centers such as downtown. These benefits increase if transit
improvements and incentives are designed to attract discretionary riders (people who have the
option of driving).

Except in large cities, most transit systeane designed primay to provide basic mobility

rather than efficiency benefits. Buses operate at times and locations where demand is low, and
there are few incentives to attract discretionary travelers to transit. As a result, average
occupancy is relatively low, averagiabout 5.2 passengers per bodle (excluding demand
response services), and so may appear inefficient when evaluated based on average operating
costs, energy consumption or pollution emissions per passemgjer But transit demand tends

to be concentragd on the corridors with the greatest traffic congestion and parking problems,
so transit can provide benefits in these areas. The incremental cost of accommodating
additional passengers is low, so strategies which increase average transit vehicle ogcupanc
increase efficiency benefits. Put differently, if buses have empty seats, there is minimal cost and
large potential benefits if they can be filled by travelers who would otherwise drive.

The efficiency benefits of transit improvements reflect the fastdescribed below.

9 Strategies that increase bus mileage on routes with low load factors (for example, increasing
mileage on suburban and gffeak routes) may increase some costs, such as total energy
consumption and pollution emissions.

9 Strategies that sfftitravel from automobile to transit while increasing average vehicle
occupancies (that is, they help fill otherwise empty buses) tend to reduce overall costs.

9 Strategies that improve transit vehicle performance (for example, retrofitting older diesel
buses with cleaner engines or alternative fuels, or creating busways that reduce congestion
delays) tend to reduce specific costs.

1 Strategies that create more accessible land use patterns and less autordepéadent
transportation systems, provide large bdite by reducing overall per capita vehicle travel.

Specific efficiency benefits and how they can be measured are discussed below.

29



Evaluating Public Transit Benefits and Costs
Victoria Transport Policy Institute

Vehicle Cost Savings

Automobile to transitshifts providevehiclecost savings to consumers. The magnitude of these
saving depends on factorsuch aghe type of mileageeduced and whether vehicle ownership
RSOf AySa 6 aintuk206 Pdyrin,/CAuwaidiRanman 2008

At a minimum, shifting from driving to transit saves fuel and oil, which typically total about 10¢
per vehiclemile reduced. In addition, depreciation, insurance and parking costs are partly
variable, since increased driving increases the frequency of vehicle repairs and replacement,
reduces vehicle resale value, and increases the risks of crasHés,aral parking citations.

These additional mileagelated costs typically average-18¢ per mile, so cost savings total
20-25¢ pervehiclemile reduced. Savings may be greater under congested conditions, or where
transit users avoid parking fees or btlls.Householdsave more if transit allows vehicle
ownership reductions. For example, if improved transit services allow 10% of users to reduce
their household vehicle ownership (e.g., from two vehicles to one), the savings average $300
annually per ger (assuming a second car has $3,000 annual ownership costs) in addition to
operating cost savings. Reduced vehicle ownership can reduce residential parking costs.
Cumulative savings can be large. Litman (2004) found annual transportation cost savings of
about $1,300 per household in cities with weditablished ralil transit systems.

By creating communities where households can own fewer cars and drive less, high quality
transit and Transit Oriented Development tend to significantly reduce the portitwasehold
budgets devoted to transportation, increasing affordability, as indicated in Fgjuka average
household in a transibriented community saves thousands of dollars annually in transportation
costs, and the affordability benefits can be everyéa than these statistics indicate because
many households own more vehicles and spend more on transportation than is functionally
necessary, for recreation and status sake. By improving affordable mobility options, TOD allow
households to save money wheeeded, for example if they lose income or incur unexpected
expenses, options that are infeasible in automotiégpendent areas.

Figure 3 Transportation Spending Versus Transit Mode Share
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Measuring Vehicle Cost Savings

Table 5 summarizes various categories o/sgys that can result from reduced automobile
ownership and use. These savings typically total 30¢ pgyeafk vehiclemile and 40¢ per
urbanpeak vehiclemile when automobile travel shifts to public transit. Other researchers
recommend using 480¢ per ehicle mile reduced (ECONorthwest and PBQD 2002). Even
greater savings result if transit oriented developmatibwshouseholds to reduce their vehicle
ownership(Polzin, Chu and Raman 2008

Table 15 Potential Vehicle Cost Savings ( iVehi cl e Q@W3)t s, 0 VTPI

Category Description .~ How It Can Be Measured Typical Values
Vehicle Fuel, oil and tire wear. Permile costs times mileage 10-15¢ per vehicle
Operating Costg reduced. mile. Higher under

congested conditions.

LongTerm Mileagerelated depreciation, | Permile costs times mileage 10¢ per vehiclamile.
MileageRelated| mileage lease fees, user cost] reduced.
Costs from crashes and tickets.
Special Costs | Tolls, parking fees, Parking | Specific market conditions. Varies.

Cash Out, PAYD insurance.
Vehicle Reductions in fixed vehicle Reduced vehicle ownership $3,000 per vehicle
Ownership Costs. times vehicle ownership costs. | year.
Residential Reductions in residential Reduced vehicle ownership $100-1,200 per vehicle
Parking parking costs due to reduced | times sauigs per reduced year.

vehicle ownership. residential parking space.

Reducing automobile travel can provide a variety of consumer savings. (2001 U.S. dollars).

Avoided Chauffeuring

Chauffeuringefers to additional automobile travel specifically targ a passenger. It can also
include taxi trips. It excludegdesharing which means additional passengers in a vehicle that
would be making a trip anyway. Some motorists spend a significant amount of time chauffeuring
children to school and sports adties, family members to jobs, and elderly relatives on errands.
Such trips can be particularly inefficient if they require drivers to make an empty return trip, so a
five-mile passenger trip produces ten miles of total vehicle tréiitinan 2018).

Drivers sometimes enjoy chauffeuring, for example, when it gives busy family members or
friends time to visit. However, chauffeuring can be an undesirable burden, for example, when it
conflict with other important activities. Transit service allows driveravoid undesirable
chauffeuring trips while still providing enjoyable trips.

Measuring Chauffeuring Cost Savings

This benefit can be estimated based on the number of chauffeured automobile trips shifted to
transit, times vehicle cost and driver travel #mavings. Rider surveys and experience with
service disruptions indicate that in typical conditions;40%6 of transit trips would otherwise be
made as automobile passengd€FsTA 2002)and about half of these are rideshare trips
(passengers in vehiclesat would be making the trip anyway), meaning the2@% of transit

trips substitute for chauffeured trips. Travel and rider surveys can help determine the portion of
such trips in a particular situation.
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Assuming these average 5 miles in length perdrig take 20 minutes (including waiting time

and empty backhauls), travel time costs average $12.00 per driver hour (assuming a mixture of
high- and lowstress driving conditions), driver travel time savings are about $4.00 per
chauffeured trip avoided d80¢ per passenganile shifted to transit, including 25¢ per mile
vehicle costs total $5.25 per trip, or $1.05 per chauffeured velmile. Avoided taxi trips cost
savings can be based on average taxi fares for those trips, which average about $2.28.per m

Congestion Reduction

Traffic congestion consists of the incremental delay, stress, vehicle operating costs and pollution
that each additional vehicle imposes on other road users. A typical urban street lane can
accommodateup to 5001,000 vehicles gr hour, and a typical highway lane up to 1,80800
vehicles per hour. Congestion develops when traffic volumes approach these Gmits.road

reach capacity even smalaffic reductions cansignificantly reduce delays. For example,

reducing traffiocvolumes from90%to 85% of maximum roadapacity can reduce delay by 20%

2NJ Y2NB o4/ 2yitm&h2a09.2y [/ 2adazé |

Congestion reduction benefits can be difficult to evaluate because urban traffic tends to
maintain equilibrium: traffic volumes grow untibngestion delay discouragadditional peak
period trips. As a resulthe road space created hpadway expansions onarginalshifts from
driving to transitis oftensoon be filled witHatent demand. However, transit service
improvementscan reduce tlk point of equilibrium, reducintptal congestion delaysas
discussed in the box on the following pageansit serviceare most effective at reducing
congestion if they

9 Offer high quality service (relatively convenient, fast, frequent and comfort#ie s
attractive to discretionary travelers (who would otherwise drive).

1 Serve a major share of major urban corridargl destinations

1 Begrade separated (with bus lanes or separated rail lines), so transit travel is relatively fast
compared with drivig under congested conditions.

1 Berelatively affordable.

Care is needed to accurately evaluate transit congestion impaittagh 209; Anderson 2013;
AftabuzzamanCurrieand Sarvi2010and 201). Indicators such asadway levebf-serviceor a

travel ime indexmeasureroadwaycongestionintensity, but fail to account fofactors that affect
congestion exposure, the amount that people must drive during peak pefiaigright 2010).
Congestion intensity indicators are appropriate for making skenrn decisions, such as how to

make an urbaspeak trip, but planning decisiorshiould be evaluated based @er capita congestion
costs(Litman 2014). Congestionanalysids complicated bgonfounding factors: congestion and
transit ridership both tend to inci@se with city size, density, transit service quality and employment
rates (yea#to-year, traffic congestion and transit ridership tend to increase with a business cycle).
Analyses that fail to account for these factors cannot accurately indicate howttraesiship

affects congestion. Studies that do account for these impacts generally indicate that public transit
service improvements can reduce traffic congestion intensity and csisgnNygaard2006).
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Most congestion cost studies ignore norotorized travelimpacts(called thebarrier effector
severancelitman 2009 although they can be significant since urban streets often have as many
pedestrians and cyclists motorists. This suggests that transit improvements that reduce
vehicletraffic volumes provide additional benefits by improving pedestrian mobility and safety.

How Public Transit Reduces Traffic Congestioitman 2014)

Urban traffic congestion tends to maintain equilibrium, it grows to the point that delays discourage
additional peakperiod vehicle trips. If congestion increases, some travelers changde, time,route, or
destination to avoid delay, and if it declines they take more geatiod trips. This is sometimes called thg
DownsThompson ParadoReducing the point of equililonin is the only way to reduce lostigrm
congestion.The quality of travel alternatives influences the point of congestion equilibrium: If alternati
are inferior, fewer motorists will shift modeesulting in a higher equilibriunf;alternatives are atictive,
motorists are more likely to shift modes, reducing the point of equilibrium. Improving travel options cg
therefore increase travel speeds for both travelers who shift modes and those who continue to drive.

To attract discretionary riders (travekewho have the option of driving), transit must be fast, comfortabl
convenient and affordable. Gradgeparated service (such as rail on separate fafhtay or busways)
provides a speed advantage that can attract discretionary riders. When trarestés than driving, a
portion of travelers shift mode until the highway reaches a new equilibrthat is, until congestion
declines to the point that transit is no longer faster. As a result, the faster the transit service the faste
traffic speeds o parallel highways. Studies find that deordoor travel times for motorists tend to
converge with those of gradseparated transit (Mogridge 1990; Lewis and Williams 1999). The actual
number of motorists who shift to transit may be relatively small, istenough to reduce delays. Congesti
neverdisappeas, butisnot as bad as would occur if gradeparated trasit service did not exist

Shifting traffic from automobile to transit on a particular highway not only reduces congestion on that
facility, A0 I f a2 NBRdzOSa @GSKAOfS GNIFFAO RAAOKINBS
reduction benefits. For example, when comparing a highway widening with transit improvements, the
analysis should account for the additional surface sttesdfic caused by the highway expansion that wol
be avoided if the same travelers arrive by public transit.

As cities grow, transit and ridesharing play an increasingly important role in providing mobility
and reducing congestion and parking probleassjllustrated in Figure 4.

Figure 4 Urbanization Impacts on Transit Use
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When roadways approach
their maximum traffic
capacity, transit and
ridesharing carry an

Roadway Capacity increasing portion of persen
----------------------------- ----  trips. In major commercial
centers, a significant portion
of peakperiod travels use
transit, vanpools or carpools.

Transit/Rideshare

Automobile Traffic

Travel Capacity
=

Rural Suburban Urban Major Commercial
Centers

33



Evaluating Public Transit Benefits and Costs
Victoria Transport Policy Institute

Becausdransitriderstend totravel on congested urban corridotbey tend to have much
largercongestiorreduction impacts than their regionalode shareFor example, although only
11% of Los geles commutes use transit, when a strike halted transit service for five weeks,
average highway congestion delay increased 47%regidnal congestion costscreased 11%
to 38% (Anderson 2013), with particularly largeesd reduction®n rail transit orridors(Lo and
Hall2006), indicating that higher quality, gradeparated service is particularly effective at
reducing congestion

Adler and van Ommeren (2018&halyzed the impacts aftywide public transit strikem

Rotterdam,in The NetherlandsThey found thata strikecauses onlynarginalweekday

congestion increasesn the highway ring road (0.017 minutes per kilometer) but substantially

on inner city roads (0.224 minutes per kilometet}h larger impacts duringush hourand

virtually no impats on weekendsThe& Ol f Odzf I 1 S ({cirigestiohdatiefbenditisi NI y & A (i Q
equivalent to abouhalf of its subsidy.

Similarly, research by Laval, Cassidy and Herrera (2004) indicates that a disruption of the Bay
Area Rapid Transit (BART) systenuMt@ause severe traffic problems on area roads. Without
BART service, Bay Bridge congestion would creat@ingbackups stretching 26 miles with 9
miles per housspeeds, and afternoon backups stretchBigmiles with 11 miles per hour

speeds® @& 2 S hat2hdzyedk morning rush hour will go from two hours starting at 7 a.m. to
a staggering seven hours, so half the workday would be gone by the time drivers step out of

i KS A NJ CcbaNthioEMichai! ICAsstdy.

Aftabuzzaman, Currie and Sarvi (2@1@ 2(1) alsoanalyzethe role that public transit can play
in reducing roadway traffic congestiodsing &ctor analysishey identify and quantifghree
ways that high quality public transit reduces traffangestion: (1) transibriented factor, (2)
cardeterrence factor, and (3) urbaform factor.Regression analysiadicates that the ar-
deterrence factomakes the greatest contribution to reducing traffic congestiotipwed by
transit-oriented factor and urbatfiorm factor. They conclude that high quslipublic transit
provides $0.@4to $1.51worth of congestion cost reductiofAus$2008) per marginatansit-
vehicle km ofravel, with an average of 45 with higher valuefor circumstances witlgreater
degrees of traffic congestigandif both traveltime and vehicl@perating cost are considered.

Ewing, Tian and Spain (2014yéstigated the effects that Salt Lake Citytsversity TRAX light

rail systemhas on vehicle traffic on parallel roadvgay his rail system began operating in 2001
and expandd over the following decades with new lines and stations. It currently carries about
53,000 average daily passengers. The study found significant declines in roadway traffic after
the LRT line was completed, despite significant development in the areatldly estimates

that the LRT line reduced daily vehicle traffic on the study corridor about 50%, from 44,000 (if
the line did not exist) to 22,300 (what currently actually occurs).

The Texas Transportation Institute (TOiban Mobility Repogestimate the congestion
reductions provided by public transit, based on the estimated increase in yréak traffic
volumes that would occur if current transit trips shifted to automobile traigltford (2006)

used data from the TTI reports to estimate the moned value of transit congestion reductions,
plus pollution reductions and user consumer surplus gains; he estimated that these benefits
provide ad S y &adbfiratioof 1.34, with lower values in smaller urban areas and higher values
in larger urban areas.
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Nelson, et al (2006)sed a regional transport model to estimaf¢éashington D@ansit system
benefitsto users and congestiomreduction benefitdo motorists. They found that rail transit
generates congestiereduction benefits that exceed rail subsidiasdthe combined benefits

of rail and bus transsignificantlyexceed total transit subsidiesTheir study overlooked other
benefits such asarking cost savings, crash and emission reduction benefits, and so understates
total social benefits. Similarly, Garrett (2004) fournvitlence thatransit slowedthe growth in
roadway congestion in somg.S. citiesfter theyestablished lightail systens. Althoughall
experienced congestion growth between 1980 and 2000, this growth tended to decline after the
light rail systems started operatioRror examplein Baltimore the roadway congestion index
increasedn average2.8% annually before light raiesvice started in 1992, but onlly.5%after;
Sacrament@a O2y 3ISaGA2Y Ay ONRahd2PRafter gt rail Seryiof drartedf &
in 1987;St. Louisongestion increased.8%% before and 0.86% after light rail service started in
1993; andDallas experienced no changafter rail service started in 1996.

Congestion pricingroad tolls that are higher during congested peripeffectivenesdend to
increase with transit service qualitpne major study found thelasticity ofSeattlearea tome-
to-work vehicle tripsto be approximately-0.04(a 10% price increase causegomobile
commutetripsto decline 0.4% but increasedour-fold to -0.16(a 10% price increase causes
automobilecommutetripsto decline 1.6%for workers withthe 10% bestransit servic PSRC
2008) Another studyfound that, given financial incentives to reduce drivihguseholds in
denser transiaccessible neighborhoods reduced their pdakir and overall travel significantly
more than comparable households in automobilpendent suburbs, and that congestion
pricing increase the value of more accessible and muitilal locations@uo, ¢ al. 2011). These
indicate that high quality public transit service significantly reduces the price (road toll or
parking fee) required tachieve congestioreductions a reflection the smaller incremental cost
to travelers (less consumer surplus loss) when they shift from driving to high quality public
transit, and a direct financially benefit to motorists on roadways with congestiomgrici

Winston and Langer (2004) found that both motorist and truck congestion toatsitydecline

as rail transit expands, but congestion costs increase with bus transit mileage, apparently
because buses are less effective at attracting motorists, darte to congestiopand do little to
increase land use accessibili@her studiesindicatethat busways (as opposed to buses
operating in mixed traffic) can reducengestion on parallebadways. Liu (2005) found that

after the San Fernando Valley OganLine busway began operation in 2005, pkalar traffic

speeds on the 101 Freeway increased about 7% (from 43 to 46 averageaniesur),

morning traffic speeds below 35 mph declined about 14%, and daily freeway congestion began
about 11 minutes lateon average (shifting from 6:55 a.m. to 7:06 a.m. on average).

Highway and transit improvements provide congestion reduction benefits at different rates of
time (Figure 3. If travel demand is growing and no action is taken, congestion will increase until
it limits further peakperiod vehicle trips. Adding a general traffic lane increases congestion
during the construction period, then congestion decline significantly, but traffic grows over time
S0 congestion eventually returns to its previous level. Grseparated transit may initially seem

to provide little congestion reduction, but roadway congestion increases much less than would
otherwise occur because increased highway delays makes transit faster than driving and so
attracts an increasing portion tfavelers. Although roadway congestion never disappears, it

35

0STF2N



Evaluating Public Transit Benefits and Costs
Victoria Transport Policy Institute

never gets as bad as would otherwise occur. As a result, sHerteranalysis tends to favor
roadway expansion, while long&erm analysis tends to favor transit improvements.

Figure 5 Road Widening Versus Transit Congestion Impacts
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Critics sometimes argue that, because public transit travel tends to be slower than automobile
travel, travelers who shift from driving to alternative mexlare worse offHowever,overlooks
important factors to consider when comparing travel speddgragespeeds are irrelevant,

what matters is their travel speeds on a particular corridor. Automobile speeds tend to be lower
and commute travel times longém large cities where transit (particularly rail transit) is most
common.Although transit service may be relatively infrequent and slow to some destinations, it
tends to be more frequent, and if grageparated, relatively fasgn the congested urban

corridors where transit commuting is most common.

Even if transit travel takes more time than driving, travelers may not consider this an additional
cost if it is less stressfthlan driving. kgh-quality (safe, clean, comfortable and reliabignsit
allows passengers tead, work and rest, so their unit costs are relatively low (Litman 2008a
and 2008b). If quality transit is available, travelers will select the mode that best meets their
needs and preferences (Wener, Evans and Boately 2004). This mesxtnainsport system
efficiency (since shifts to transit reduce congestion) and consumer benefits (since consumers
can choose the option they prefer).

Measuring Vehicle Congestion Reduction Benefits

There are several ways to measure congestion redudt@refits that result from reduced

vehicle traffic (TRB 1997). One approach is to model total passenger travel time with and
without a transit program, and calculate the travel time and vehicle operating cost savings
(ECONorthwest and PBQD 2002). The Tesassportation Institute uses a similar method to
calculate congestion reduction value of transit (TTI 2003). Another approach is to calculate the
costs of increasing roadway capacity to achieve a given congestion reduction, and divide that by
the number d peakperiod vehiclemiles. These methods require modeling each option, and
current transportation models are often not very accurate at predicting the travel impacts of a
transit project.
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An easier approach is to assign a dollar value to reduced vetaekd, usually estimated at 10

30¢ per urbarpeak vehiclemile, and more under highly congested conditiodas/(2 Yy 3Sa G A2y
/ 2 & litthan£009 Aftabuzzaman, Currie and S&0iL0). Congestion benefits should reflect

net impacts, that is, the reduction irueomobile trips minus any additional transit impacts.

Under typical conditions buses impose congestion costs equivalent to 1.5 cars on highway and
4.5 cars on surface streets, so net benefits occur when more than about three trips shift from
automobile totransit. For example, if a bus carries 16 passengers under yda conditions,

and 8 of the passengers would otherwise travel by automobile (either driving themselves or
chauffeured), the congestion reduction benefit is3Bx $0.25 = $1.25 per vehidigle.

Where transit provides significant travel time savings compared with driving on parallel

highways (for example, with grageeparated rail transit or busways) it is possible to calculate

the resulting reduction in congestion delays. For exampbyédfage dootto-door travel times

by automobile are 3@ninutes per pealperiod trip, and a proposed transit service will provide

25-minute average trip times, the transit service can be expected to reduce average travel times

by approximately Sninutes pd&NJ G NA L) F2NJ [ f f dzaSNBR® ¢ NI @St GAYS O
¢CAYS [/ 2aia sz aftapukzénvah, Clirie and Sa80i0).

How congestion is measured affects evaluation conclusions. Indicators that measure the
intensity of congestiofsuch asoadway Levebf-Service) or the portion afrivingthat occurs

under congested conditions, ignore the congestion reduction benefits of travel by alternative
modes and more accessible land use. These indicators imply that congestion declines if
uncongestedsehiclemileage increases. Congestion impact evaluation also depends on the scale
of analysis. For example, transit oriented development may increase local congestion (within a
few blocks), because it increases neighborhood density, but regional congeatiadecline due

to less traffic between neighborhoods. Indicatorgef-capitacongestion costs recognize the
congestion reduction benefits of improved transport alternatives (STPP 2001). Measuring
congestion in terms of roadway level-service, and filing to consider the effects of generated
traffic tends to exaggerate the congestion reduction benefits of urban roadway capacity
expansion, since within a few years latent demand fills much of the added capacity (Litman
2001).

A particular transit impreement may avoid the need for a specific highway project, in which

case congestion reduction benefits can be calculated based on facility cost savings. For example,
if roadway capacity expansion costs average $3.5 million pestalee which can carry 200
peakperiod vehicles, this averages about 37¢ per additional fpeatod vehiclemile (based on

a 7% discount rate over 20 years, 255 annual commute days), plus about 3¢ per mile in
operations expenses. Transit services that defer or avoid the neexpiane road capacity by
attracting 1,000 daily peageriod automobile trips on a-hile stretch provide $510,000 annual
benefits (40¢ x 1,000 x 5 x 255 days).

Measuring Pedestrian Delay Reduction Benefits

{GdzRASE RSAONAOGSR Ay ALIZONJIfSdgl (oA+ye LbZ2 yHYn2nlo2ONAHT ySR  acen
(Litman, 2003) indicate that barrier effect costs average about 2¢ per ygbak cammile, and

about 1.3¢ under urban offeak conditions. As with vehicle congestion, a bus represents about

3 passenger car equilents.
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Combined Vehicle and Pedestrian Congestion Costs
Table ¥ shows the recommended congestion cost values.

Table 17 Recommended Congestion Cost Values (Per Vehicle-Mile)
Urban Peak Urban Off-Peak

Vehicle Congestion Costs 25¢ 2.5
Pedestrian Gngestion 2¢ 1.3¢
Costs

Total Congestion Costs 27¢ 3.8¢

Figure6 illustrates the net congestion cost reduction benefits provided by shifts from
automobile to bus transit under urbapeak and urban ofpeak conditions.

Figure 6 Congestion Reduction Benefits
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This figure indicates the net vehicle and pedestrian congestion reduction benefits caused by
shifts from automobile to buses under urbaeak and urban ofpeak conditions.

Buses typically carry 480 passengers undeongested conditions (i.e., urbgeak travel in the
primary travel direction), and rail transit vehicles even more (see Beamguard, 1999 for photos
comparing the road space used by bus patrons, motorists and cyclists). Peak period transit
service that ceies 4,000 passengers an hour on highways or 1,000 passengers an hour on
surface streets is approximately equal to one additional traffic lane, assuming that half of transit
passengers would otherwise drive an automobile. This equals 20 to 80 buseupe&ahying

an average of 50 passengers.

An indication of the congestion reduction benefit of transit is the significant increases in traffic
congestion that often occur during transit strikes, even if only a small portion of transit
passengers shift tortving alone (van Exel and Rietveld 2001). For example, a 1974 Los Angeles
bus strike caused a$5 minute increase in congestion delay on one major freeway, although
less than 3% of total regional trips were previously made by transit, and only aboof half

transit users shifted to driving (ibid).
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Even a relatively small shift from driving to gresbparated transit can reduce roadway
congestion delays. Comparisons between cities indicates that total traffic congestion delay
tends to be lower in areasith good transit service, even though transit only carries a relatively
small portion of total regional passenger travel (STPP, 2001; Litman, 2004a).

Figure 7 Traffic Congestion (Litman 2004a)
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In cities that only have busansit or relatively small rail systems traffic congestion delay tends to
increase with city size, as indicated by the dashed curve. But cities with largestakelished rail
transit systems do not follow this pattern. They have substantially lower sbageosts compared
with comparable size cities. As a result, New York and Chicago have about half the per capita
congestion delay as Los Angeles.
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Parking Cost Savings

Shifts from automobile to transit travel reduce parking costs. Reduced vehicle shiper

reduces residential parking demand (includingstreet parking demand in residential areas),

and reduced vehicle trips reduce noesidential parking demand, such as commercial parking
requirements. This benefit can manifest itself as user cost gaviere parking is priced,

reduced parking congestion and increased convenience to motorists, and reductions in the need
for businesses and governments to subsidize parking facilities. Reduced parking demand can
also provide indirect benefits by reducitite amount of land needed for parking facilities,

allowing more clustered and infill development. These land use benefits are discussed in more
detail in a later chapter.

Measuring Parking Cost Savings

Parking cost savings can be calculated by multigly@tiuced automobile round trips times

average cost per parking space. These values will vary depending on conditions. Parking tends to
be expensive and in limited supply under urb@ak conditions where shifts from driving to

transit are most common, stwansit tends to provide significant parking cost savings. In

suburban and rural areas, parking may be inexpensive and abundant so there is ledsrshort
benefit. Where parking is priced, parking cost savings go to users rather than businesses.
CambridgeSystematics (1998) provides detailed instructions for calculating parking cost savings.

Table Billustrates typical parking facility costs. Park & ride trip savings consist of the difference
in parking costs between a park & ride lot and worksites. Jitarehicle parking costs are
incorporated into operational expenses. Transit may increase parking costs where bus stops
displace orstreet parking spaces.

Table 18 Typical Parking Facility Costs ( AiPar ki ng Evaluation, o VTPI
Type of Facility Construction o&M Total Daily
Costs Costs Cost Cost
Per Acre | Per Space Per Space Annual, Annual, DET|YA
Per Space  Per Space Per Space
Suburban, O+SBtreet $0 $200 $2,000 $200 $408 $1.36
Suburban, Surface, Free Lat $50000 $0 $2,000 $200 $389 $1.62
Suburban, Surface $50,00( $455 $2,00( $200 $432 $1.80
Suburban, A evel Structure $50,00( $227 $10,00(¢ $300 $1,265 $5.27
Urban, OrStreet $250,00(¢ $1,00C $3,000 $200 $578 $1.93
Urban, Surface $250,00( $2,08% $3,000 $300 $780 $3.25
Urban, 3Level Structure $250,00( $694 $12,00( $400 $1,599 $6.66
Urban, Underground $250,00( $0 $20,00( $400 $2,284 $9.53
CBD, OsStreet $2,000,00(0 $8,00(¢ $3,000 $300 $1,334 $4.46
CBD, Surface $2,000,00( $15,384 $3,000 $300 $2,031 $6.78
CBD4-Level Structure $2,000,00(0 $3,84€¢ $15,00(¢ $400 $2,179 $7.26
CBD, Underground $2,000,00( $0 $25,00( $500 $2,644 $8.84

This table illustrates the costs of providing a parking space under various conditions. Cost recovery
prices must be even higher to acat for profits and load factors, if not every space is rented every
day. (CBD = Central Business District.)

If an area has abundant parking supply, reduced driving may provide little short term parking
cost savings, since the spaces will simply be cuygied. But over time reduced parking demand
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usually provides economic benefits, by avoiding the need to increase supply or allowing facilities
to be leased, sold or converted to other uses. It can also provide environmental and aesthetic
benefits by reduing the amount of land paved for parking facilities. Cambridge Systematics
(1998) and itman (2009 provide guidance for calculating parking cost savings under various
conditions.

Table B indicates recommended values for calculating parking cost sathiagsesult when
automobile travel shifts to public transit. Park & Ride trip savings consist of the difference in
parking costs between Park & Ride and worksite parking facilities. These costs are measured per
round-rip, rather than per vehiclenile as vith most other costs. These can be converted to

per-mile units by dividing by average round trip lengths, which is currently about 7 miles, but

may be higher for some transit trips, such as commuter express services.

Table 19

Typical Parking Cost Values (Per Round-Trip)
Small City Medium City

Large City

Commute Trips $3.00 $6.00 $9.00
Other Trips $2.00 $4.00 $6.00
Average $2.50 $5.00 $7.50

This table reflects estimated average avoided parking costs for a trip shifted from driving to
public transit, dpending on the destination and trip type.

Dividing these values in half to reflect individual trips, and assuming that mostpeead trips

are to urban destination, and offeak trips tend to be to more suburban destination, default
values are $2.1per peak trip and $0.84 per effeak trip. The higher cost of pegleriod trips

also reflects the fact that they tend to be commute trips, in which a car would be parked all day,
while more offpeak trips are for errands with shorter parking requirements.
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Safety, Health and Security Impacts
Transit use can affect safetiyealth and security in variowgays(CDC 201Devries, et al. 2018;
Litman 201%.

Traffic Safety

Transit is a relatively safe travel mode, as indicated in T2bl&ransit passengersaiie about one

tenth the fatality rate as car occupants, and even considering risks to other road users transit causes
less than half the total deaths per passenggte as automobile travel. Since risks to other road

users is hardly affected by increasettopancy, average crash costs tend to decline with increased
vehicle occupancy.

Table 20 U.S. Transport Fatalities, 2001 (BTS Tables 2-1 and 2-4; APTA; TRB 2002)

Fatalities Veh. Travel Occupants Pass. Travel Fatalities Rate

User Others Totals | Bil. Miles ~ Bil. Miles Users  Others
Passenger Car 20,320 3,279 23,59¢ 1,628 1.59 2,589 7.9 1.3
Motorcycle 3,197 19| 3,216 9.6 1.1 10.4 303 1.8
Trucksg Light 11,723 3,368 15,091 943 1.52 1,433 8.2 2.3
Trucksg Heavy 708 4,180| 4,897 209 1.2 251 2.8 16.7
Intercity Bus 45 45 7.1 20 142 0.3 -
Commercial Air - 0.3
Transit Bus 11 85 96 1.8 10.8 19 0.6 4.4
Heavy Rail 25 6 31 0.591] 24 14 1.8 0.4
Commuter Rail 1 77 78 0.253 37.7 9.5 0.1 8.1
Light Rail 1 21 22 0.053 26.8 1.4 0.7 14.8
Pedestrians 4,901 0| 4,901 24.7 1 25 198 -
Cyclists 732 0 732 8.9 1 8.9 82.2 -

Table 2 compares crash fatality rates for various types of transit.

Table 21 U.S. Transit Fatalities, 1999 (APTA 2001)
Commuter| Demand Heavy Rail Light Rail Trolley

Rail Response Bus Total

Fatalities (Excludes Suicides)

Patrons 13 2 5 22 2 0 44
Employees 5 3 8 1 3 0 20
Other 86 68 3 3 8 1 169
Totals 104 73 16 26 13 1 233
Fatality Rate Per Billion Passenger Miles

Patrons 0.61 0.23 6.15 1.71 1.66 0.00 0.98
Employees 0.24 0.34 9.84 0.08 2.49 0.00 0.44
Other 4.06 7.76 3.69 0.23 6.63 5.38 3.75
Totals 4.90 8.33 19.68 2.02 10.78 5.38 5.17

This table shows crash fatalities and fatality rates for various types of transit in the U.S.

Figures8 and9 show U.S. and international datedicating declining per capita traffic fatalities
with increased transit ridership. For additional discussion of transit safety impacts see Litman
(2014 and 2016pandSteer Davies Gleave (2005).
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Figure 8 Traffic Deaths (Litman 2004a)
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Per capita traffic fatalities tend to decline with increased transit ridership. Since cities with rail have

higher average transit ridership, they tend to have fewer traffic fatalities. These values include deaths
to transit passengers, automobipassengers, and pedestrians.

Figure 9 International Traffic Deaths (Kenworthy and Laube 2000)
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International data indicate that crash rates decline with increased transit ridership.

To the degree that transit providescatalyst for more accessible land use it tends to further
increase road safety. Residents of trafgiented communities haveuchlower per capita
traffic fatality rates than residents of more automobdependent, sprawled communities, as
indicated in he figures belowl(itman 2016Stimpson et al. 2013.
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Traffic Deaths Versus Transit Ridership by City Size (Litman 2016)
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For the 32 U.S. cities with
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the negative relationship
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Karim, Wahba and Sayed (201@)nd that in the Vancouver region, crash rates decline
significantlywith bus stop density, percentage of trangin traveledrelativeto total vehicle
kms traveled and walking, biking, and transibmmute mode shareTher modeling indicates
that a strategic transport plan that encourages use of alternative modes tends to réatate
severe, and property damage only collisiocB8mpson, et al. (2014) analddata from 100U.S.
cities over 29 years. Accounting farious geographic and economic factahey found that
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reduction inmotor vehicle fatalities
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Evaluating intercity passenger rail, Lalive, Luechinger and Schmutzler {@@d1@)s that
increasing rail service frequency byafeduced car and motorcycle use by nearg,@hich
reduced road accidents 26

Health Impacts

Inadequate physical activity contributes to cardiovascular disease, diabetes, hypertension,
obesity, osteoporosis and some cancers. Marpertsconsider increasedalking and cycling
for daily transportone of the most practical ways to incregseblic fitness and healttAJHP
2003).Most transit trips include walking or cycling links, so transit travel tends to increase
physical activitfDevries, et al. 201&dwards 2008Frank, etal. 201Q Litman 2016).

Public transit usersverage about three times as much walking as people who rely on
automobile transportnearly achieingthe 22 daily minutes of moderate physical activity
considered necessary for healfBesser and Dannenberg 2008/einstein andschimek 2005
Wener and Evans 20RT.achapelle, et al. (2011) found that transit commuters average 5 to 10
more dailyminutes of moderatantensity physical activity, and walked moreltaal services
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than people who do not use transitegardless of nghborhood walkability. MacDonald, et al.

(2010) found thatanew ligiid A f &ae&aidSY AyONBFraSR gLt {1{Ay3a | OUAQ,
weight and obesity rates. Similarly, Melbourne, Australia tramsgrsaverage 4Haily minutes

walking or cycling, fivBmes more than the 8 minutes averaged fiiyople who travel entirely

by car(BusVic 2010)n addition, dforts to encourage transit and create transit oriented

development often improve pedestrian and cycling conditions, which can further increase

fitnessand health.

Detailed studies indicate thaaublic transprtation usersare more likely to walk, walk longer
average distances, and are more likely to meet recommenudgdical activity targets by
walking than nortransit userqLachapelle and Frank 20Q_achapelle 2090 Thechance of
meeting minimum walkingargets(2.4 daily kilometers walked) increasesd@7for each
transit trip taken, and i2.23times greater focommuters who use an employsponsored
public transit pass. Tabl€3ummarizeoned (i dzZR& Q& FAYRAYy Ia o

Table 22 Walking Activity By Transit Use (Lachapelle and Frank 2009)

Transit User No Transit Use
A least one walk trip 58.9% 9.3%
Average walk distance 1.72 0.16

Public transit users are more likely to take walking trips and feaiker than nontransit users.

Using comprehensive demographic, travel and health survey thatsaccounts for income,
education,commuting preferences, amount of ndravel physical activity andhealthcare
resources, She, King and Jacobson (2@hd 2019 found thatincreases in public transit mode
share in a&ommunityis associted with reduced obesity rates: eaohne percentage point
increase of frequent public transit riders in a county population is estimated to decrease the
county population obeiy rate by0.473%points.

Stokes, MacDonald and Ridgeway (20@i8)eloped a model tguantifythe public healthcost
savinggesulting froma new light raitransit system in Charlotte, North Caroliridsing
estimates of future riders, the effects of plic transit on physical activifyom increased
walking,andarea obesity rateghey simulated the potential yearly public health cost savings
associated with this infrastructure investmeiite results predidhat the light railsystem
shouldsave$126 millionin public health costover nine years

Community Cohesion

Community cohesion refers to the quality of interactions among residents in a community.
Many people consider cohesion a desirable community attribute, and it tends to increase
neighbohood safety and security by helping neighbors cooperate and protect each other.
Although many demographic and geographic factors can affect community cohesion, research
indicates that, all else being equal, it tends to increase with neighborhood waliabiiid

therefore walkability factors such as the quality of sidewalks and street environments, and
neighborhood services such as local shops, parks and schools. Public transit andtiemsit
development can provide a catalyst for this type of deveiept.

For exampleKamruzzamapet al. (2014yividedBrisbane, Australineighborhoods into three
categories based on their geographic factors incluéimgloymentandresidential density, land
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use diversity, intersection density, and public transpatessibility transit-oriented

development TOD, transit adjacent development (TARNd traditional suburbs.hey found

that TODresidentshad a significantly higher level of trust and reciprocity and connections with
neighbours compared with resident$ ®ADswhich suggests that more compact and multi

modal development patterngster social sustainability. KS / A & 22016Travgl 02 dz@d S NI
Surveyindicates that people are more likely to engage in a friendly interactiben walking,

bicycling or rider public transihan when travelling by private automobile.

Figure 11 Likelihood of a Friendly Interaction During Trip (Vancouver 2016)

People report famore friendly
social interactions when
walking, bicycling or riding
public transport than when
travelling by private automobile

Source: 2016 Transportation Panel Survey

Personal Security

Personal Securitgfers to freedom from assault, theft and vandalisantrary to popular
assumptions, fansitusersgenerally face lower overall crime risks than motorists, and all else
being equal, per capita crime rates tend to decline as transit ridership increases in a community,
probably due to a combination of improved surveillance, better policiryeanergency

response and improved economic opportunity forrek residentgDevries, et al. 2018T.able
23illustrates ways that high quality public transit can reduce urban crime risk

Table 23 How Transit improvements Can Reduce Urban Crime (Litman 2014d)
Crime Risk Factor Impacts of Improved Transport Options and Smart Growth
Mixed development encourages wealthy and poor residents to locat
Poverty concentration Of 2aS (23SUKSNE 6KAOK AYLINRO®SaA
More businesses, residents amesponsible (norcriminal)by-passers
Naturalsurveillanceand provideceyesonthe streét I yR KSf LJA o6dzA f R f
community cohesion (neighbors who know and care about each other).
+dzf Y SNI 0 f S actéslidd] Better access to education and employmdat poor people(many of
economicopportunity whom have limited access to a car)
Policing efficiency and response | More compact, mixed density development increases policing efficig
times and reduces response times.
Increased ridership increases transit security public support and
Transit security efficiency (lower costs per passenger), leading to expanded progran
Motor vehicle ownership Tends to reduce total vehicle ownership and associated crime risks

Improvingtransit services and transiriented development can reduce crime risk. This tends to
reduce total per capita crime rates rather than simply shifting where crimes occur.
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Measuring Safety, Health and Security Impacts

Karim, Wahba and Sayed (20p2pvideinformation on methods for modeling the traffic safety
impacts of specific policies and projects that affect transit @s®e, et al. (2008) use Health

Impact Assessment (HIA) methods to evaluate the health impacts of public transit fare increase
and sevice reductions that reduce transit ridership.

Accident costs and health risks are often monetized for public policy analysis (Litmamn2003

2010 @ ! f GK2dzAK Yy AYRAQGARdZ t Qa tAFS KIFa SaaSydal
up their lifefor any size monetary payment), many private and public decisions involve tradeoffs

between risk and financial costs. For example, when consumers decide whether to pay extra for

safety options such as air bags, and when communities allocate funds faresesuich as law

enforcement, fire protection, and medical services, they are essentially placing a price on

marginal changes in human safety and health.

Traffic safety benefits are usually estimated at $2 to $5 million per fatality avoided, and smaller
values for norfatal crashes (Blincoe 1994). These values indicate that crash costs avdiage 5
per automobile vehiclanile (Miller 1991). This analysis uses 10¢ per vehicle mile as an average,
of which 6¢ is internal (borne directly by vehicle occupaatg) 4¢ is external (imposed on

others). Since automobiles average 1.5 occupants, internal crash costs average 4¢ per
passengemile.

Bus transit is estimated to impose external crash costs of 25.8¢ per vafilelebased on 10¢

per mile automobile crasbosts increased by the crash fatality ratio (39.6/13.4), of which 86%
are to other road users. Risks to bus occupants are estimated at 0.5¢ per passeleg&us

crash costs therefore average 28.9¢ per{mite, including risks to 5.2 average passengeis

one driver, plus risks imposed on other road users. External risks do not increase with vehicle
occupancy so unit costs decline as load factors increase. A bus with 10 passengers has total
estimated crash costs of 31.3¢ per vehicle mile (25.8¢ + j01®Btpassengers and a driver]), but
doubling passengers only increases cost 16% to 36.3¢. A bus that replaces 10 automobile trips
provides 68.7¢ per mile net safety benefits. Rail transit tends to impose even lower risks on
passengers, and somewhat highiesks on noroccupants, although there is virtually no
incremental risk from increased occupants in existing rail vehicles.

Transit provides greater safety benefits if it leverages additional traffic reductions, as described
Ay GKS & ¢ NI ptdr bf @his guidedif éaéhpasseptile of transit travel reduces

two to four vehiclemiles of travel, as some estimates indicate, each transit passenijer

provides an additional 280¢ in crash cost savings.

Public health benefits from increased lkig and cycling caused by transit use are difficult to

measure and depend on the type of transit program implemer{ta@nk and Engelke 2000;

AJHR2003). To the degree that transit causes otherwise sedentary people to walk or bicycle an

hour or more a wek it provides significant health benefits. Because inadequate physical activity

is such a large health risk, the public health benefits of increased transit use and more transit
2NASYUGSR RS@St2LIWSyd Yl & 0SS O2Ylakhdghoford G2 (G NJ yaj
research is needed to verify this.
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Personal security impacts are difficult to quantify and vary depending on conditimsn

(2024¢) summarizes research on the factors that affect crime risks, relative crime risks of transit
and automoble travel, and ways to improve transit securilly.many situations, transit service
improvements include efforts to increase security for both transit riders andusans. For

example, improved street lighting at transit stops and downtown security paineplemented

as part of transit oriented development can reduce a variety of risks.
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Roadway Costs

Roadway costs include road maintenance, construction and land, and various traffic services
such as planning, policing, emergency services and ligitirese costs are affected by vehicle
weight, size and speed. Heavier vehicles impose more road wear, and larger and faster vehicles
require more road space. These costs are not necessarily marginal. For example, a 10%
reduction in vehicle traffic does notnessarily cause a 10% reduction in roadway costs. In

urban areas with significant congestion problems and high land values, even a modest reduction
in traffic volumes can provide large savings.

Transportation economists have performed numerous studiag@cost allocatioror cost
responsibilitystudies) that investigate the share of roadway costs imposed by various types of
BSKAOf Sa oClI 2! 3 w™drdan J009aMogt bffhgse studiesalyiicansider [
current direct roadway construction andaimtenance expenditures, and sometimes highway
patrol services. Public costs not reflected in transport agency budgets are generally ignored,
such as the opportunity costs of roadway land, traffic planning, local policing, emergency
services, snow plowingnd street lighting.

Where a transit project avoids or defers the need for major highway expansion the avoided
costs can be considered a benefit of transit. Urban highway capacity expansion typically costs
$4-10 million per lanemile for land acquisitionlane pavement and intersection reconstruction
(Cambridge Systematics 1992). This represents an annualized cost of $28000000 per
lane-mile (assuming a 7% interest rate over 20 years). BiMig 2,000 t06,000 additional peak
period vehiclesluring250 annual commute dayand adjusting for inflatiomdicatestypical
costs$0.20 to $1.00per additional peaiperiod vehiclemile.

Measuring Roadway Costs and Benefits

Considering only direct roadway expenditures, automobile use costs average 3.5tlpend

pays 2.6¢ per mile in fuel taxes, resulting in net costs averaging 0.9¢ (1.1¢ in 2003 dollars), while
buses cost 11.8¢ per mile and pay 4.6¢ in taxes, resulting in 7.2¢ per mile net costs (8.9¢ in 2003
dollars)(FHWA 1997)Bus road wear costs areduced if roadways are built for heavy vehicles,
which is common on major roads to accommodate freight and service trucks. Roadway costs
approximately double if the value of righf-way land is also considered. Traffic service costs
average #4¢ per aubmobilemile.

Table 24 Roadway Cost Impacts of Automobile To Transit Shifts
Category Description Cost Impact
Road wear Costs of road deterioration due to vehicle traffic, | Buses tend to increase these costs d
road repair costs, and increased strength during rq to heavy axle weights.
construction to minimize defrioration.

Lane size Incremental costs of wider lanes required to Bus service may increase lane
accommodate larger vehicles. Generally set to requirements in some locations.
accommodate trucks and service vehicles.

Traffic Roadway planning, traffic controls, policing, lightin| Because these costs are based on

services etc. traffic volumes, they tend to decline.

Traffic Costs of adding traffic lanes, improving intersectio| Can significantly reduce these costs.

capacity and othermeasures to accommodate increased This impact is reflected on congestio
traffic volumes and reduce traffic congestion. costs values.
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Table 2 summarizes cost impacts of automobile to transit shifts. Where vadsarall buses

replace driving on local street, roadway cost savings typically aver@gepér reduced
automobilemile. Where fullsize buses operate on local streets, there is probably little or no
roadway cost savings. Where buses operate on major roggwasigned to accommodate

heavy vehicles, roadway costs are reduced as indicated in Riguv€here urban automobile

travel shift to rail transit, savings typically average about 5¢ per vehitéereduced, or 2¢ per

mile net costs taking into accounidl| tax revenues). If a transit service or improvement avoids

or defers the need for a specific highway project, avoided costs can be calculated. Such savings
typically average 150¢ per reduced urbapeak automobilemile.

Figure 12 Roadway Savings Per Mile of Bus Travel (2001 U.S. dollars)
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This graph illustrates roadway cost savings for a shift from automobile to bus travel. Thirty car drivers
shifting to transit provides savings worth between $0.24 and $2.76 per milendigyy on

assumptions. Costs based on FHWA (1997) updated to 2001 dollars, plus estimates of roadway land
costs and traffic services described in Litman, 2003.
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Energy Conservation and Emission Reductions

Transit can providsignificantenergy conservabin and emission reduction benefitAPTA 2009;
Chester and Horvath 2008; CNT 20&@llivan, et al. 2013CF 200&nd 2010 NCTR011, TCRP
2012). This analysis is complicated by the fact thahajor portion otransit services are
intended to provide bsic mobility to nordrivers,such as buservices where demand is low
(such as in suburban communities and duringpafk periodsare not very fuel efficient
Where transit ridership is designed for efficiency, such as on major urban corstiategies
that increase transit load factors (such as ridership incentiatsgtegies thaincrease transit
operating efficiency (sudhnansit priority measures)and Transit Oriented Developments that
f SGSNI IS NBRdAzOGA2ya Ay NBcakppHde b@aenagg3 KA Of S 2 6y SNE
conservation and emission reduction benefits.

Shapiro, Hassett and Arnold (2002) estimate that urban transit travel consumes about half the
energy and produces ongbout5% as much CO, 8% VOCs and 50%@and NOx emissions

per passengemile as an average automobilBavis and Hale (2007) estimate that at current
levels of use public transit services avoid emissions of at least 6.9 million metric tonnes of CO
equivalent by substituting for automobile travel and reducingftcatongestion, and possibly
much more by creating more accessible land use pattdrhgy estimate that a typical

household could reduce its total greenhouse emissions b$@®% by shifting from two to one
vehicles, asan occur if they move from an autaile-dependent community to a transit
oriented developmentICF (208 and 2010 estimates that i reducing vehicle travel, easing
congestion and supporting more efficient land use patterns, public transportation recioeit

37 million metric ton®f CQ equivalent emissionannually.Bailey (2007jound thata typical
household reducsits energy consumption and pollution emissions about 45% by shifting from
automobiledependent to transioriented development.

Chester and Horvath (2008hd Chester, teal. (2013and 2019, calculate total lifecycle energy
consumption and pollution emissions for various transport modes, including cars, SUVs, light
trucks, buses, light and heavy rail transit, and intercity passengexma air transport. Figure

13 compare their energy consumption rates, includiiogl used in their operation, angnergy
embodied in vehicle and facility construction and maintenardgs indicatesthat public transit
tendsto be energy efficient, typically using less than half the epefca sedan and a quarter of

the energy as a SUV or light truck. However, transit modes are sensitive to load factors: during
peak periods, when load factors are high, buses are the most energy efficient mode, but during
off-peak, when load factors arevg buses are least efficient. Described differently, transit
policies that reduce average load factors by increase transit service to times and locations when
demand is low (such as increasing fares or expanding service to suburban areas or late nights)
reduces efficiency while policies that increase load factors (such as reducing fares, improving
rider comfort, transit encouragement programs, and transit oriented development) tend to
increase efficiency.

APTA (2009)rovides guidance to transit agencies fuantifying their greenhouse gas

emissions, including both emissions generated by transit and the potential reduction of
emissions though efficiency and reductions in automobile travel
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Figure 13
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energy used in fuel production and resources embodied in vehicles and infrastructure.

Kimball, et al. (2013) performed a comprehendifecycleenergy and environmental impact
assessmendf the Phoenix light rail system, taking into account both direct impacts, and indirect

impacts from more compact on embodied resources for vehicle and building production, and
travel activity The resulténdicatesignificantpotential energysavings, and both local and global

(greenhouse ggemissiorreductions from more transibriented development, as well as

SO2y2YAO FyR 20t afAQDl oA

tAGeé o0SySTAGa

redevelopmen. It concluded thamarginalbenefits from new rail servigeare likely to

significantly exceed marginal costs

Gallivan, et al(2015)used sophistical statistical analysis to evaluaterrelationships between

transit and land use patterns to undersigtheirimpacts on ur
capita vehicle travel and pollution emissiofi$fie study foundh

ban developmemptatterns, per
at grossurbanpopulation

densities would be 27%wer without transit systems to support compact developmgeand
this increased densityeduces urbarvehicle travel transportfuel use and GH&missiondy 8%.

In addition, shifts from automobile to transit directly redue#
emissions by 2%ndicating that indirect emission reductions
four times larger than the direct benefits from mode shifting

T transportfuel use and GHG
leveraged by land usegdsaare

Newman and Kenworthy (1999) find thatreasedransit use is associated with lower per

capita transport energy uséncluding both direct energy savings VMT reductions leveraged by
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transitoriented developmentas discussed previouslihese impactslepend on transport
impacts, travel conditions, and the type of transit vehicles used.

9 Strategies that increase diesel bus mileage on routes with low load factors (such as suburban
and offpeak routes) may increase total energy consumption and emissions.

9 Strategies that shift travel from automobile to transit using existing transit capacity (with
minimal increase in transit vehichailes) reduce energy consumption and emissions.

9 Strategies that improve fuel consumption or reduce emission rates of transit vehicles (for
example, retrofitting older diesel buses with cleaner engines or alternative fuels) can
provide energy conservation and emission reduction benefits.

9 Strategies that reduce thtotal amount of congested driving (by either reducing vehicle
mileage or the amount of congestion) tend to provide particularly large energy conservation
and emission reduction benefits.

i Strategies that create more accessible land use patterns, andisceeger capita vehicle
mileage, can provide large energy conservation and emission reduction benefits.

Energy Conservation

Table & and Figure 4 indicate average energy consumption for various travel modes. Under
current conditions, U.S. transit vehisleonsume about the same energy per passeimgiég as

cars, although less than vans, light trucks and SUVs. This reflects low current transit load factors.
Increasing ridership on existing transit vehicles consumes little additional energy. A bus with
seven passengers is about twice as energy efficient as an average automobile, and a bus with 50
passengers is about ten times as energy efficient. Rail transit systems tend to be about three
times as energy efficient as diesel bus transit. New hybrid busesbang twice as energy

efficient as current direct drive diesel (General Motors Corp.)

Vehicle Class Average MPG BTU/Pass. Mile

Passenger Cars 22.1| Car 3,578
Vars, Pickup Trucks, SUVs 17.6 | Vans, Pickup Trucks, SUVs 4,495
Motorcycle 50 | Aviation 4,000
Single Unit Truck 7.4 | Transit, Bus 3,697
Combination Truck 5.3 | Transit, Electric Light Rail 1,152
Buses 6.9 | Intercity Rail, diesel 2,134
Hybrid Electric Bus (estate) 14.0| Hybrid Electric Bus (estimate 1,070

This table summarizes average fuel consumption per vehicle, and energy consumption per passenger
mile for various vehicle types.
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Figure 14 Lifecycle Energy Consumption (Chester and Horvath 2008)
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Fuel andembodiedenergy (energy used in vehicle and fcgonstruction for various modes.

Air Emission Impacts

Quantifying emission impacts of a shift from automobile to transit is challenging because there
are several differentypes of pollutants, and many possible permutations of vehicles, engines

and driving conditions. As with energy consumption, current average transit emissions are
relatively high in the U.S. due to low occupancy rates, but additional riders contributeahin
additional emissions so strategies that increase ridership with less than proportional increases in
vehicle mileage can provide benefits.

Older diesel engines have relatively high emission rates, but these are declining due to improved
emission conls. Between 1987 and 2004, allowable emission rates have been reduced about
80%. Many transit vehicles are being converted to cleaner fuels (CNG, LPG or alcohol). Hybrid
electric bus drive systems are claimed to reduce particulate and hydrocarbon emsi€8% and

NOx 50% compared with conventional diesels (GM, 2003). Electric vehicles produce minimal
emissions.

Table 26 Average Emissions 1999, Grams Per Mile (APTA 2002)

Vehicle Type Carbon Dioxide CO Nitrogen Oxides VOCs
Bus (10 passengers) 2,387 (239) 11.6 (1.2) 119 (1.2) 2.3(0.23)
Diesel Rail (20 passengers) 9,771 (489) 47.6 (2.4) 48.8 (2.4) 9.2 (0.5)
Automobile (1.5 passengers) 416 (277) 19.4 (12.9) 1.4 (1.0) 1.9 (1.3)
SUVs & Light Trucks (1.5 pass.) 522 (348) 25.3 (16.9) 1.8 (1.2) 2.5(1.7)
Hybrid Electric Bus (10 pass.) 1,194 (119) NA 6.0 (0.6)| 0.23(0.02)

This table summarizes average emissions of various vehicles. Numbers in parenthesis indicate
emissions per passengeiile based on indicated occupancy rates.
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Table 27 Lifec cIe GHG Emissions, Grams COze Chester and Horvath 2008

Vehicle Type | suv | Bus-Average Bus-Peak
_ PMT | vMmT \ PMT _ PMT |

Operatlons 2 400 2,400 59
Manufacture 45 29 71 41 48 33 320 31 320 8.1
Idling 0 0 0 0 0 0 80 7.6 80 2
Tire production 7.2 4.5 72| 4.1 7.2 4.9 2.5 0.24 2.5 0.064
Maintenance 17 11 19 11 19 13 45 4.2 45 1.1
Fixed Costs 5.6 3.6 57| 3.3 5.8 4.0 14 1.4 14 0.35
Roadway const. 52 33 52 30 52 36 52 4.9 52 1.3
Roadway maint. 0 0 0 0 0 0 210 20 11 0.27
Herbicides/Salting 0.37| 0.24| 0.41|0.23| 0.41 0.28 0.37| 0.036| 0.37| 0.0094
Roadway lighting 13 8.5 14| 7.8 14 9.4 49| 047 4.9 0.012
Parking 8.5 54 8.5 49 8.5 58 0 0 0 0
Fuel production 59 38 98 56 100 71 260 24 260 6.4
Totals 578 412 756 | 482 735 560 3,389 324 | 3,190 79
Operations/Total| 0.64| 0.63| 0.63| 0.65| 0.65 0.65 0.75( 0.76| 0.75 0.75

VMT= Vehicle Miles Traveled; PMT= Passenger Miles Travele@perations= tailpipe emissions

Noise Impacts

¢NF FFAO y2AaS Aa | Y2RSNIGS G2 d,2o0BES O2aid Ay dzNX
Conventional buses are noisy due to their relatively large engines and low power to weight ratio.

A typical diesel bus produces the noise equivalent of 5 to 15 average automobiles, depending on
conditions (Delucchi and Hsu, 1998). Staiano (266dgluded that light rail is somewhat

quieter than a diesel bus, and electric trolley buses are significantly quieter. Hybrid buses are

much quieter than direct drive diesel.

If a bus displaces just one unusually noisy vehicle (for example, a bus riglerivewe ridden a

noisy motorcycle or driven a car with a faulty muffler or high volume stereo), it can reduce noise
overall. If residents walk rather than drive to transit stops, local street noise is reduced. This
suggests that diesel bus noise costs foigrare probably about the same as for automobile

travel, and hybrid and electric transit reduces overall noise costs.

Water Pollution

Motor vehicles contribute to water pollution due to leaks from engines and brake systems,
during fuel distribution, ad waste fluids (such as used crankcase oil) that are disposed of
inappropriately. Transit travel tends to produce less water pollution because it requires fewer
vehicles, and they tend to be maintained better than private vehicles.
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Measuring Energy Conservation and Emission Reduction Benefits

Computer models can predict the impacts of transport energy conservation and emission
reduction strategies Transportation Air Quality Centemww.epa.gov/omsTravelMatters
www.travelmatters.orgHendrickset al.2010. Various studies monetize emission costs, and
therefore the value of transport emission reductiofigman 2009. These indicate that under
typical urban conditionsraission costs average3t per vehiclemile for a gasoline automobile,
twice that for an SUV, van or light truck, and3@¢ per vehiclenile for older diesel buses, with
lower costs for buses with newer engines or alternative fuels. Taéb¢ai@imarizes dénated

cost for various vehicles.

Table 28 Recommended Pollution Costs (Cents Per Vehicle-Mile)
Urban | Suburban  Average
Current Diesel Bus 30¢ 15¢ 22.5¢
New Diesel Bus (meets 2004 standardg 15¢ 5¢ 10¢
Hybrid Electric Bus 5¢ 3¢ 4¢
Average Car 5¢ 3¢ 4¢
SUV, Light Truck, Van 10¢ 6¢ 8¢
Average Automobile 7.5¢ 4.5¢ 6¢

This table indicates estimated average energy, air, noise and water pollution costs of various
NE ¥ S Qvana.
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Since most new transit service will be provided by newer, cleaner buses, pollution reduction
benefits can generally be calculated based on a shift from average automobile to new diesel or
hybrid electric buses. Benefits are larger for CNG, hydsrilectric power transit vehicles. As

with other impacts, greater benefits result if transit improvements leverage an overall reduction

in percapita automobile mileage.

I dzi2z2 Y20 At S¢
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Travel Time Impacts

Special consideration is needed when evaluating transit ttawel costimpacts including

travel times/speedsunittime costs(cents per minute or dollars per houwyhethertransit

travel reduces the need for motorists to chauffeur ndivers or spend special time exercising

since transit travel tends to increasvalking and cycling trav@litman 2008). & more

RA&AOdzaaAzy aSS aLa ¢Nlyairid ¢NY @St {26 IyR LYySTFH

Public transit trips generally take longer, deordoor, than automobildravel, sincetransit

travel requires accessaandwaiting time, and additional stops. These travel time penalties can be
reduced with more frequent and predictable transit services, grade separation (bus lanes and
rail on its own rightof-way) and bus priority at intersections, express services, fastardiny

with prepaid fares, improved pedestrian and cycling access to stations, and more-transit
oriented development, so more destinations are closer to frequent transit services.

puj;
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travel conditionsA minute spent driving inongestion waiting for an unpredictable bus, or

standing in a crowded transit vehicle is often much more costly than a minute pfesagant

conditions sitting in acomfortable seatn aclean andcomfortable bus or trainbecause

passengers experience less stress and caroragork. Comfort, predictability and amenities

such as ofboard Internet access can reduce transit traweit travel time costsTravel time

valuation studies indiate that uncomfortable travel has two to four times the unit costs as
O2YF2NIiltofS GNI @St GAYS 0a¢NI @St ¢AYSZeé [AGYFY ¢
to account for these factors. It generally assigns the same unit costs (generally 368% tdf

average wages) to all travel conditions.

Transit travel often involves tradeffs bdween time and monegosts Travellerswith higher

time values will choose faster but more costly modes, while those with lower time values

(usually thosewith lower incomes) are more likely to choose cheaper but slower rmode

Described differently, transttravel often has a highexffective speedwhich considerthe time

spent travelling and earningoney to pay fotransport For example, if car commuting také0

daily minutes and costs $5,000 annually, and transit commuting takes 90 daily minutes and costs
$1,000 annually, transit commuting has a faster effective speed for workers who earn less than
$32 per hour, since car commuter must spend $4,000 to sa%adnualcommute hours.

Expanded transit networks and transitiented development can reduce travel distances. For
example, increasing the portion of housing, services and jobs located near transit stations can
reduce doofto-door travel times requiredo reach common destinations by transit.

These factors have important implications for evaluating public transit improvements. Strategies
that increase transit speeds and reliability provide dinestrbenefits Strategies that increase
transit user canfort, security andoredictabilitycan reduceotal transittravel time costseven if

they donot increasdravel speeds Strategies that improve access to transit, for example by
making it easier to walk or cycle to transit stopad more transHoriented development, can

also reduce travel time costs. Travelers who shift from driving to transit in response to transit
improvements or other positive incentivesustbe better of overall considering all impacts

even if transit trips take more time.
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Measuring Travel Time Costs and Benefits

Transport models can be used to calculate transit travel spdéugek et al. 2007)The value of
travel time changes can be calculated using a comprehensive travel time cost framework that
accouns for the following &ctors:

1

Travel time should be measured demrdoor, taking into account each trip link, including
time spent walking and waiting.

Personal travel is usually estimated at enqgarter to onehalf of prevailing wage rates.

Travel time costs for drivers terid increase with congestion, and for passengers if vehicles
are crowded or uncomfortable. Unexpected delays impose high costs.

Costs tend to be lower for shorter trips and small travel time savings, and tend to increase
for longer commutes (more than abbA0 minutes).

Under pleasant conditions, walking and cycling can have positive value, but under
unpleasant or unsafe conditions, time spent walking, cycling and waiting for transit has costs
two or three times higher than time spent traveling.

Travel timecosts tend to increase with income, and tend to be lower for children and people
who are retired or unemployed (put differently, people with ftithe jobs are generally
willing to pay more for travel time savings).

Personal preferences vary. Some peqmiefer driving while others prefer transit or walking,
as reflected in their travel time cost values.

Public transit can provide specific travel time savings, for example, by reducing the need for
motorists to chauffeur nowdrivers. For example, in autorbide-dependent locations parents
must drive children to school and sport everdad nondrivingrelatives and friends to

shopping and medical appointments, trips that are avoided if high quality public transit
service is available.

Table 29 Recommended Value of Travel Time (ECONorthwest & PBQD 2002)

Time Component Reference Value
In-Vehicle Personal (local) Of wages 50%
In-Vehicle Personal (Intercity) Of wages 70%
In-Vehicle Business Of total compensation 100%
Excess (waiting, walking, or transfené) Personal Of wages 100%
Excess (waiting, walking, or transfer time) Businey Of total compensation 100%

This table illustrates USDOT recommended travel time values. Personal travel is calculated
relative to wages, and business travel relative to tomhpensation, averaging 120% of wages.
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Box 1 Recommended Travel Time Values( i Tr avel Titm@200YP st s, 0 L
Travel Time Values
Commercial vehicle driver Wage rate plus fringe benefits
Personal vehicle driver 50% of current average wage
Adult car or bus passenger 35% of current average wage
Child passenger under 16 yed&5% of current average wage

/ 2y3SaidA2y AYONBlIFaSa RNAGSNDa (GNF @St GAY
Level of Service (LOS) ratings:
LOS D: multiy by 1.33 LOS E: multiply by 1.67.0S F: multiply by 2.0

Under unpleasant or insecure conditions (waiting for transit in a dirty and insecure area, 0
walking on busy roads that lack sidewalks), time spent walking, cycling and using transit h
or three times the cost of time spent traveling, depending on the degree of discomfort.

This box summarizes travel time values developed by leading transportation economists.

For this analysis we recommend a default value of $8.00 per hour for travelemsfortable
conditions and $16 per hour for travelers in uncomfortable conditions, or udeecddjustment
factors in Table 3@onventional transportation models are generally not very sensitive to
qualitative factors, and therefore tend to undervaluensit service improvements that improve
rider comfort, convenience and access speed.

Table 30 Travel Time Values Relative To Prevailing Wages (Litman 2008

Category LOS LOSD LOS Waiting Conditions
A-C E
Good* Average Poor
Commercial vehicldriver 120% 137% 154% 170% 170%
Comm. vehicle passenger 120% 132% 144% 155% 155%
City bus driver 156% 156% 156% 156% 156%
Personal vehicle driver 50% 67% 84% 100% 100%
Adult car passenger 35% 47% 58% 70% 100%
Adult transit passenger seated 35% 47% 58% 70% 35% 50% 125%
Adult transit passg standing 50% 67% 83% 100% 50% 70% 175%
Child (<16 years) seated 25% 33% 42% 50% 25% 50% 125%
Child (<16 years)standing 35% 46% 60% 66% 50% 70% 175%
Pedestrians and cyclists 50% 67% 84% 100% 50% 100% 200%
Transit Transfer Premium 5-min. 10-min. | 15min.

This summarizes travel time values that incorporate traveler convenience and comfort factors. (* Wait time
unit costs are reduced another-30% where redfime vehicle arrival infornmtéon is provided.)
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Land Use Impacts

Transit can help achieve various land use planning objectives by reducing the amount of land
requiredfor roads and parking facilities, and providing a catalyst for more compact urban
redevelopment Banisterand Thurstan-Goodwin2011; CTOD 2009; Litman 19%%rtland

2009; TCRP 20)2Transit is an important component sifnart growth which refers to policies
designed to create more resource efficient and accessible land use patterns3Tdibts

potential smart growh benefits.

Table 31 Smart Growth Benefits (Burchell, et al 1998; Litman 1995)

Economic Social Environmental

1 Reduced development 1 Improved transport 1 Greenspace and wildlife
and public service costs options,particularly habitat preservation.

1 Consumer for nondrivers. 1 Reduced air pollution.
transportation cost 1 Improved housing 1 Reduce resource
savings. options consumption.

1 Economies of 1 Community cohesion. 1 Reduced water pollution.
agglomeration. T wSRdzOSR aKS|

1 More efficient effect.
transportation.

This table summarizes various benefits to society of smart growth development patterns.

Transit can reduce the amount of land required for roads and parking facilities compared with
urbanpeak automobile trips, as illustrated in Figu® Transit is prticularly helpful in creating
certain land use patterns including major commercial centers (more than 5,000 employees in
one area), multimodal (walkable) neighborhoods, urban redevelopment, and some types of
tourist attractions.

Figure 15 Road Space by Mode (Banister and Button 1993)
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Transit requires far less space than automaobile travel.

Transitoriented development can provide economic benefits by improving accessibility,
reducing transport costs, and providing econemof agglomeration, as described in the next
section of this guide. In some cases, increased property values near transit stations can offset
most or all transit subsidy costs Smith and Gihring 2@J¥30D 20)0Even people who do not

use transit can berfé from these land use patterns.
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Not every transit project has these effects. Appropriate land use policies, transit ridership
incentives and consumer acceptance are necessary to be effective. The following types of transit
improvements tend to have thgreatest positive land use impacts:

i Transit programs that are part of an overall smart growth land use program.

1 Transit oriented development, which intentionally integrates transit improvements with
compatible land use development.

1 Transit improvements tit encourage infill and redevelopment of older urban
neighborhoods.

i Transit stations located at major commercial centers with large numbers of commuters.
Transit improvements as an alternative to roadway capacity expansion.

New urbanism, parking managemeartd other TDM policies implemented in conjunction
with transit improvements.

Transit can also have some negative land use impacts. Rail facilities require land, can divide
neighborhoods, and can be unattractive. In some situations transit improvemantscrease
urban sprawl by facilitating longelistance commutes.

Measuring Land Use Impacts

The first step in valuing these impacts is to determine how a particular transit program or policy
will affect land use patterns, including changes in the amadifand used for transport facilities
(roads, parking, rail lines and terminals), changes to development patterns (density, clustering,
urban expansion, per capita pavement, etc.), changes in accessibility (the ease of travel between
destinations), emergncy service response times, and changes in per capita vehicle ownership
and VMT(CTOD 201050me communitiesdve comprehensive transpdiand use models that

can predict these impacts, but in most cases predictions rely on professional judgment by
planrers and real estate professionals.

The final step is to place of monetary value on impacts as much as possible. Some impacts are
monetary, such as reduced costs of providing public services to more clustered development,
and parking cost savings that tdisfrom reduced vehicle ownership. Others require placing a
value on noAamarket goods. For example, monetized values may be assigned to greenspace
preservation. Impacts that cannot be monetized should be described qualitatively. For example,
equity impacs can be quantified using indicators of the change in accessibility by disadvantaged
groups (e.g., the ability of people with disabilities or low incomes to access common
destinations).

Generally, impacts should be measured per capita. Increased deasitiyncrease the intensity

of some impacts within a particular area, but reduces costs per capita. For example, higher
development densities may reduce greenspace (parks, lawns and farms) within a neighborhood,
but preserve regional greenspace by redugieg capita pavement and urban expansion.

Similarly, increased development density tends to increaseapeg vehicle trips and pollution
emissions, but reduce per capita impacts, since residents of more clustered communities tend to
drive fewer annual veble-miles.
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I Y2NB ljdzZ t AGFGABS |
objectives (based on community plans and other official documents), and rate each
transportation option in terms of effects on them. For example, many conitis have goals
to encourage infill development, create more mutiodal communities, protect and redevelop
existing neighborhoods, improve walking conditions, and preserve greenspace. Transit
improvements can help achieve these objectives, particulbitlgplemented as part of an
integrated community development program.

LILINEF OK A& G2 ARSYGATe | 02\

A matrix such as the one below can be used to evaluate and compare the land use impacts of
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approach is to check a box if an option supports an objective. A better approach is to rate each
objective, for example from 5 (very supportive)dd (very harmful). Objectives can be weighted
to reflect their relative importance. For more informatioaesdiscussion dflulti-Criteria

Analysisn Litman, 2001b.

Land Use Impact Matrix

Planning Objective Option 1 Option 2 Option 3

1. Reduces roadway and parking facility land requirements.

2. Reduces total impervious surface coverage (amount of land co
by roads, parking and buildings).

neighborhoods.

3. Encourages urban infill and redevelopment of existing

4. Increases development densities (residents and jobs per acre).

5. Increases accessibility (the ease of travel between common
destinations), paicularly for nondrivers.

6. Improves community walkability (quality of walking conditions).

7. Reduces pecapita vehicle travel.

8. Improves quality or reduces costs of public service (emergencyj
response, garbage collection, utility networks and &9, schools|
recreation facilities, etc.)

9. Improves housing options (types of housing available) and
affordability (by reducing parking costs and land requirements).

10. Enhances neighborhood livability (environmental quality
experienced by people whove, work and visit an area).

11. Preserves greenspace (parks, farms, forests, etc.).

communities).

12. Preserves cultural resources (historic sites and traditional

13. Enhances community cohesion (quantity and quality of interact
between people whdive and work in a community)

14. Supports local economic development plans (e.g., downtown
redevelopment, tourist industry expansion, etc.).

15. h i K S NA X

Totald

A matrix such as this can be used to evaluate and compare land use impacts. It stectichr

O2YYdzyAiléQa
contradicts each objective.

L | yyAy3
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Economic Development Impacts

Economic developmengfers to increased productivity, business activity, employment, income,
property values and tax revenu@ransitcansupporteconomic developmenn severalways
(Banisterand ThurstainGoodwin2011;Cambridge Systematics 1998TOD 201 EDR&013and
2014 FHWA 2014L.aube RainvilleandLyons2014 Litman 2004aMackie,Laird and Johnson

2012 Nelson, et al., 201Forter, et al. 2015Sadler and Wampler 2013

Direct Expenditures

Because transit is labor intensive, transit expenditures tend to provide more jobs and local
business activity than most other transportation investms. A million dollars spent on

public transit typically generates &D jobs (ECONorthwest and PBQD, 2002; APTA 2003). A
typical set of transit investments creates 19% more jobs than the same amount spent on a
typical set of road and bridge projects (FTZ04).

Consumer Expenditures

Transit supports economic development by shifting consumer expenditures. Residents of
cities with quality transit systems tend to spend less on transportation overall, as illustrated
below (also see Newman and Kenworthy92® For example, residents of cities with large,
well-established rail transit systems spend an average of $2,808 on personal vehicles and
transit (12.0% of their total household expenditures), compared with $3,332 in cities that
lack rail systems (14.966 total household expenditures), despite higher incomes and

longer average commute distances in rail cities.

Figure 16 Percent Transport Expenditures (Litman 2004a)
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The portion of total household expenditures devoted tagportation (automobiles and transit)
tends to decline with increased pegipita transit ridership.
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Vehicle and fueexpendituresprovide relatively littleregionalemployment or business

activity because mch of heir value is importedAnalysis sumiarized in Table Bindicates

that a million dollars spent on public transit services generates 31.3 jobs, compared with 17.3
jobs from the same amount spent on a typical bundle of goods, 13.7 jobs if spent on vehicles,
and 12.8 jobs if spent on fuel. Asesult, in2006, a million dollars shifted from fuel to

general consumer expenditures generated 4.5 domestic jobs, and if shifted to public transit
generated 18.5 jobs. These impacts are likely to increase as oil import costs rise.

Table 32 Impacts per $1 Million Expenditures (Litman 2004, based on Chmelynski 2008)

Expense category Value Added Employment Compensation
2006 Dollars FTEs* 2006 Dollars
Auto fuel $1,139,110 12.8 $516,438
Other vehicle expenses $1,088,845 13.7 $600,082
Household buntbs including auto expenses $1,278,440 17.0 $625,533
Bundles with auto expenses redistributed $1,292,362 17.3 $627,465
Public transit $1,815,823 31.3 $1,591,993

In 2006, a million dollars shifted from fuel to general consumer expenditures generated 4.5
domestic jobs, and if shifted to public transit expenditures generated 18.5 jobs. These impacts
are likely to increase as oil import costs r{d=TE = Fullime Equivalent employees)

Productivity Gains

Transit services can increase economic produgthyy improving access to education and
employment (Porter, et al. 2015 s discussed in thidobility Benefitssection reducing

traffic congestion, roads and parking facility costs, accidents and pollution (as discussed in
the Efficiency Benefitsection; by stimulating more compact and efficietand use
development and by supporting certain industries, such as touf®hOD 2011)-or

example, transit services may benefit a restaurant by increasing the pool of available
employees and reducing absentsm from vehicle failures, reducing employee parking
costs, and by providing mobility for some tourists. Similarly, a delivery company may be
more productive if transit reduces traffic congestion.

Research bidsieh and Moretti (2017hdicates thatrestrictions on housing supply in high

productivity cities lowered aggregate US growth by more than 50% from 1964 to 2009. To

support economic opportunity and development the authors recommend policies that

significantly increase allowable densities and explaigth quality public transit services in

high productivity citiesEDRG (2007) used quantitative analysis to estimate that the current
Chicago region transit plan provides an estimated 21% annual return on investments, an
enhanced plan provides a 34% retyamd adopting TransiDriented Development, as
LINELIZASR Ay (GKS NBIA2yQa 2FFAOAFIET O2YLINBKSya
CrAfdzZNB G2 YFAYyGlrAy GKS GNIryaixld aeadaSy gAiff
estimated at over $2 billion anally.Faulk andHicks(2015)found that in U.S. counties,
increasedixedroute busserviceis negatively related to employee turnover rateghich

providescost savings to businesses by reducing the cafdtgining new workersTsivanidis

(2017) calclates thatdo & SELI yRAY 3 O02YYdziSNJ YI Ny S | O0S&aazx
system increased average welfare by 3.5% and output by 2.73% (net of construction and

operating costs)indicatingthat BRT can be a profitable investment for cities.

AD
K I
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Land Use Efficiencies

As described earliehigh qualitytransit tends to create moreompact ancaccessible land
use patternsgcreatingagglomeratiorefficiencies thatincrease regional productivity
(Chatman, et al. 201Zurrie2011;Hazedine, Donovan anBolland2013). One published
study found that doubling county-level density index is associated with a 6% increase in
state-level productivity (Haughwout 2000)sing data on US metropolitan areas, Chatman
and Noland (2013pund that, by increasingentral city enployment densitya 10%

increase in transiserviceraises regional wage$1.5 millionto $1.8 billion.Meijers and
Burger(2009 found thatregioral labor productivitygenerallydeclineswith population
dispersion(more residentsliving outsideurban certres), and increases with polycentric
development (multiple business districts, cities and towns in a metropolitan region, rather
than a single large central business district and central.dityiy suggests thatigh quality
transit systems with transibriented development tend to support regional economic
development by encouragingore efficient development patterns. Although these impacts
are difficult to measurgthey are potentially large

Supports Strategic Economic Development Objectives

Transitservices can support specific strategic economic development objectivbsas
local commercial development and increased touristar example, bus or trolley systems
can be designed to serve visitors and provide access to major sport and culturdietsac
and historic train stations can be a catalyst for downtown redevelopr({feattland 2009)

Property Values

Property values generally increase in areas served by quality triled#tqn, et al., 2013;
RISC 2008mith and Gihring 2003). The tablddy@ summarizes various studies on rail
station property valuémpacts Rodriguez and Targa (20Gdund that, controlling for other
factors a reduction ofs minuteswalking time to BRT statigrincreaseproperty prices6.8
9.3%.MunozRaskin2007) foundhat middleincome households, who tend to use BRT
most, pay 2.3% to 14.4% more for housing located clofpgntaBRT stations.

Table 33 Rail Proximity Property Value Impacts (Hass-Klau, Cramption & Benjari 2004)

City Factor | Difference
Newcastle uporTyne | House prices +20%
Greater Manchester Not stated +10%
Portland House prices +10%
Portland Gresham Residential rent >5%
Strasbourg Residential rent +7%
Strasbourg Office rent +1015%
Rouen Rent and houses +10%
Hannover Residential rent +5%
Freburg Residential rent +3%
Freiburg Office rent +1520%
Montpellier Property values Positive, no figure given
Orléans Apartment rents Noneinitially negative due to noise
Nantes Not stated Small increase
Nantes Commercial property Higher values
Saarb’EO Sy Not stated Noneinitially negative due to noise
Bremen Office rents +50% in most cases

This table summarizes how proximity to rail stations affects property values in various cities.

65



Evaluating Public Transit Benefits and Costs
Victoria Transport Policy Institute

Transit System Efficiency Improvements

Many transit improvemats increase system efficiency. Transit priority and improved
payment systems increase operating speed and reduce delays, reducing operating costs.
Many transit costs are fixed, so increased ridership reduces unit costs, particularly if
ridership increasewhen there is excess capacity. Transit services experiences efficiencies
and network effects. As parapita ridership increases the system can expand, increasing
service frequency, coverage, and operating hours, and transit can be more integrated with
other transportation system features (for example, more businesses will choose to locate
near transit). For these reasons, strategies that increase transit ridership can increase
service efficiency and quality. Transit systems in cities with highality transit systems

and higher levels of per capita transit ridership tend to have lower transit operating costs,
higher cost recovery, and lower per capita transportation expenditures than more
automobiledependent cities (Newman and Kenworthy 1999; Litman 2004

Cumulative Effects

Per capita Gross Domestic Product (GDP) tends to increase with public transit ridership (Figure
17) and fuel prices, and declines with per capita vehicle tramdlroadway supply (Litman

2011b. This probably reflects the cumubadi effects of various economic development impacts
described above, includingiproved accessibility and consumer savirgsfts in consumer
expenditures that increase regional economic activatyglomeration benefits, and more

efficient land use develapent.

Figure 17 Per Capita GDP and Transit Ridership (Litman 2011b)
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Measuring Economic Development Impacts
A variety of techniquesan be used to measure different types of economic development
impacts, including transportatiofand use models, beneftost analysis, inpubutput models,
economic forecasting models, econometric models, case studies, surveys, real estate market
analysisand fiscal impact analysi€ljatman, et al. 201Z urrie2011; HassKlau, Crampton and
Benjari2004;Hazledine, Donovan and BollaB@d13;HLB 2002; Litman 200Bewis and Williams
1999;Smith and Gihring 2003Yeisbrod 200D The table below summarizestegories of

benefits and how they can be measured.

Table 34
Category

Employment and
Business Activity

Economic Development Impacts

Description

Increased employment and businesg
activity resulting from expenditures
on transit serices.

How It Can Be Measured

Local expenditures on transit services timeq
multipliers from a regional Inpu®utput
il ofS® abSgée Y2y Se

Consumer
Expenditures

Consumer expenditures shifted from
vehicles and fuel to more locally
produced goods.

Consumer expatiture shifts, evaluated using
an InputOutput table to determine net
change in regional employment and busine
activity.

Land Use Efficiencies

Increased accessibility and clusterin
providing agglomeration efficiencies

Changes in property values araltransit
stations.

Productivity Gains

Improved access to education and
jobs, and reduced costs to business

Methods described imobility, efficiencyand
land usebenefits sections, with emphasis on
employment gains and businesses savings.

Strategic Eonomic
Development

Transit facilities and services suppo
strategic development objectives.

w2tS 2F GNIyarAd Ay (
supporting strategic industrial development,

Transit System

Efficiency

Reduced unit costs and improved

services.

Estimates of per capita transportation cost
savings provided by public transit services.

Transit improvements may provide various types of economic benefits and evaluation techniques.

It is important to avoid doubleounting these benefits, or counting econortriansfers as net
economic gains. For example, the productivity gains of more accessible land use should be
counted as land use benefits or economic benefits, but not both. On the other hand, it is
appropriate to highlight ways transit supports particuilenonomic development objective. For
example, if area businesses have difficulty finding lewage employees, improving transit or
providing special welfareo-work services may help address this problem. Similarly, where
downtown growth is constrained hyaffic and parking congestion, transit improvements can be
identified as part of the redevelopment program.
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Table 3 summarizes the categories of benefits and costs to consider in a comprehensive transit

evaluation framework.

Table 35
Impact Category |

Transit Service Costs

Transit Impacts

Description

Financial costs of providing transit services

Fares

Direct payments by transit users.

Subsidies

Government expenses to provide transit services.

Existing User Impacts

Incremental benefits and costs to existing transit users

Various

Changes in fares, travel speed, comfort, safety, etc. to existing transit users.

Mobility Benefits

Benefits from increased travel that would not otherwise occur.

Direct User Benefits

Direct benefitgo users from increased mobility.

Public Services

Support for public services and cost savings for government agencies.

Productivity Increased productivity from improved access to education and jobs.
Improved mobility that makes people who arls@ economically, socially or
Equity physically disadvantaged relatively better off.

Option Value/
Emergency Response

Valueof having mobility options available in case they are ever needed, includin
ability to evacuate and deliver resources during emergesc

Efficiency Benefits

Benefits from reduced motor vehicle traffic.

Vehicle Costs

Changes in vehicle ownership, operating and residential parking costs.

Chauffeuring

Reduced chauffeuring responsibilities by drivers for-domers.

Vehicle Delays

Reduced motor vehicle traffic congestion.

Pedestrian Delays

Reduced traffic delay to pedestrians.

Parking Costs

Reduced parking problems and nogsidential parking facility costs.

Safety, Security and Heal

Changes in crash costs, personal security iamproved health and fithess due to
increased walking and cycling.

Roadway Costs

Changes in roadway construction, maintenance and traffic service costs.

Energy and Emissions

Changes in energy consumption, air, noise and water pollution.

Travel Time Imgacts

/ KFy3aSa Ay GNIYyaiAid dzaSNBRQ (NI @St (A

Land Use

Benefits from changes in land use patterns.

Transportation Land

Changes in the amount of land needed for roads and parking facilities.

Land Use Objectives

Supports land use objectives suchiraill, efficient public services, clustering,
accessibility, land use mix, and preservation of ecological and social resources,

Economic Development

Benefits from increased economic productivity and employment.

Direct

Jobs and business activity credtby transit expenditures.

Shifted expenditures

Increased regional economic activity due to shifts in consumer expenditures to
with greater regional employment multipliers.

Agglomeration Economie;

Productivity gains due to more clustered, accekesiand use patterns.

Transportation Efficiencie|

More efficient transport system due to economies of scale in transit service, mo
accessible land use patterns, and reduced automobile dependency.

Land Value Impacts

Higher property values in areas sed by public transit.

This table summarizes potential transit benefits and costs identified in this section. These are impacts
to consider when evaluating a particular transit policy or project.
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Service

Public Transport Benefits and Costs
Improved Transit

Increased Transit
Travel

Reduced
Automobile Travel

Transit-Oriented

Development

transit vehicles.

crowding.

% | Service Quality (speed, Transit Ridership Mode Shifts or Portion of Development
s reliability, comfort, safety, (passenger-miles or Automobile Travel With TOD Design
% etc.) mode share) Reductions Features
flimproved convenience 1 Reduced traffic
and comfort for existing 1 Mobility benefits to congestion. N .
users. new r i 1 Additional vehicle
EW users.  Road and parking :
{1 Equity benefits (since " X travel reductions
% q ty 9 Increased fare facility cost savings. 6af SOSNI 38
= e?<|st|ng users tend to be revenue. f Consumer savings -
c disadvantaged). 0 d bublic f | TImproved accessibility
i ncreased public fithes! ¢ Reduced ticularly f
m particularly for non
5| ;);\}:gn ;ﬁlze t(itohnef\é?lue of and health (by chauffeuring drivers.
= '9 P stimulating more burdens. ) )
5} possible futire use). walking or cycling _ 9 Reduced crime risk.
& | TImproved operating trips). ll Incl:creased traffic 1 More efficient
efficiency (if service speeq ¢ reaed security as safety. _ development (reduced
increases). more non-criminals 9 Energy conservation| infrastructure costs).
9 Improved security ride transit and wait at| § Airand noise 9 Farmland and habitat
(reduced crime risk) stops and stations. pollution reductions. preservation.
ol T Highercapital and
I operating costs, and
S | therefore subsidies.
.f__f fLand and road space.
=
9 | { Traffic congestion and 9 Various problems
g accident risk imposed by | { Transit vehicle 9 Reduced automobile| associated with rare

business activity.

compact development.

Public transport cahavevarious types benefisnd costs. Many benefits tend to be overlooked or
undervalued in conventional transportation economic evaluation
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Table J indicates various public transit benefit categoriesm® reflect benefits to existing

transit users, others result from increased transit travel or reduced automobile travel, and some

result from more transioriented development which leverages additional vehicle travel
reductions and other benefits. Eachtegory is evaluated ugindifferent indicators. Box ghows
the steps that may exist between a particular planning decision and its ultimate impacts.

Box 2 Policy and Planning Decisions Impacts

Policy and Planning Decisions
(more transit funding, station area pedestrian planning, smart growth development policies, etc.)
D

Changes to Transport and Land Use Conditions
(more transit service, lower transit fares, improved walkability, more compact development)
D
Increased Public Transit Travel
(more transit trips per capita and higher transit mode share)

Reduced Automobile Travel
(less per capita automobile travel, lower auto mode share)
D
More Transit-Oriented Development
(more compact and walkable development around transit stations)

There are oftn several steps between a policy or planning decisions and its ultimate transport and

land use impacts, and resulting benefitsansitoriented development tends to leverage additional
increases in transit ridership and reductions in automobile trdvislimportant to consider these
relationships when evaluating benefits.
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Evaluating and Quantifying Transit Benefits

Transit benefits can be divided into two major categoragguity-oriented which result from the
availability and use of transit by disaahtaged people, andfficiencyoriented which result

when transit substitutes for automobile travel. Some transit services are prineayiiy-

justified, others are primarilgfficiencyjustified and manyare intended to providédoth. For
example, demad response services, and bus transit in areas and times with low load factors,
are primarily equityjustified, since they provide basic mobility and do little to reduce traffic
congestion, facility costs or pollution emissions. Vanpooling, express bumamduter rail
services are primarily efficiengystified, since they tend to serve middiend highefincome
patrons, and are intended to reduce congestion and other negative traffic impacts, although
they incur some additional equiystified costs taaccommodate people with disabilities (such
as special equipment and features for people in wheelchairs), which slightly increase their costs.

In general, transit in rural areas and smaller cities is primarily equstified, while

conventional bus andhil service services in large cities provide both benefits. Within a
particular system, efficienejstified routes tend to have the highest cost recovery and lowest
subsidy per passengenile. The figure shows the size of subsidies devoted to differemtaso
and categorizes them according to whether they are primarily egaitgfficiencyjustified,
assuming that 2/3 of bus service and 1/3 of ligimid heavyrail are primarily equitjustified.

This suggests that about half of transit subsidies aretgqustified and half are efficieney
justified, although it is difficult to give a precise accounting since many benefits overlap.

Figure 18 Transit Subsidies (APTA 2002)
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About half of transit subsidies are equjtistifiedand about half are efficiengustified.

The distinction between equityand efficiencyjustified subsidies is often important for transit
evaluation(Walker 2008)For example, it would be wrong to criticize eqtjigtified transit for
failing to redwce traffic congestion or pollution emissions, and it would be wrong to criticize
efficiencyjustified transit for failing to serve lowéncome travelers, since that is not their
primary justification.

Many transit benefits are partly or completely igndrim conventional transport economic

analysis, as summarized in the table below. In most cased, conventional evaluation only
measures the direct benefits resulting from travel shifted from automobile to transit, but
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ignores indirect benefits that result vém quality transit services leverage additional reductions
in vehicle ownership and use. Most conventional evaluation only quantifies user travel time
savings (for example, if grageparated transit service increases transit travel speeds), but not
the vdue of improved comfort (such as reduced crowding, more comfortable seats and better
waiting areas), although by reducing unit (geur) travel time costs these measures are
equivalent to increasing travel speeds.

Table 38
Benefits

User benefits

Transit Benefits (Litman 2004)

Description

Increased convenience, speed and comfort to users
from transit service improvements.

Considered?

Generally only increased
speed.

Congestion Reduction

Reduced traffic congestion.

Direct but not indirect

Facility cost s&ngs

Reduced road and parking facility costs.

Generally not

Consumer savings

Reduced consumer transportation costs, including
reduced vehicle operating and ownership costs.

Operating costs, but not
ownership costs

Transport diversity

Improved transporoptions, particularly for non
drives.

Sometimes, but not
quantified.

Road safety

Reduced per capita traffic crash rates.

Direct but not indirect

Environmental quality

Reduced pollution emissions and habitat degradatio

Direct but not indirect

Efficientland use

More compact development, reduced sprawil.

Sometimes.

Economic
development

Increased productivity and agglomeration efficiencie

Direct but not indirect

Community cohesion

Positive interactions among people in a community.

Generally not

Publc health

Increased physical activity (particularly walking).

Generally not.
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The guantification of transit benefits is complicated by the thet some impacts overlap. For
example, direct user savings and benefits are partly capitalized into land values around transit
stations, so it would not be appropriate to simply add all of those benefits togehgmmany
transit benefits are indiret orexternal and so are not perceived by users or capitalized in
property values, as illustrated in the Tabk& 3

Table 39

Transit Benefits

Benefits Capitalized In Property Values

User benefits

Yes

Congestion Reduction

Direct yes, indirect no

Facility cat savings

Direct yes, indirect no

Consumer savings

Direct yes, indirect no

Transport diversity

Direct yes, indirect no

Road safety Mostly not
Environmental quality Mostly not
Efficient land use Some
Economic development Some
Community cohesion Sorne
Public health Possibly

Only a portion of transit benefits are directly perceived by users and so reflected in land values.
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In addition, transit systems experience economies of scale: as more people use the service
becomes more efficient overall arnefits increase exponentially. As a result, marginal

benefits are greater than average benefits. There is also land use economies of agglomeration
leveraged by transit, particularly high quality rail transit that provides a catalyst for more
compact, mied, muti-modal community development. Large central business districts, which
provide significant, unigue economic benefits, simply could not exist without high quality transit
services. These additional economic benefits are not capitalized in land\alngeasured

through conventional indicators.

For these reasons it would be wrong to assume that all, or even most transit benefits are
capitalized in property values. Although more research is needed to better quantify the
distribution of costs and belfiis, it is likely that most are not directly perceived by users, so
total benefits are far greater than what is measured through property value impacts.
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Comparing Transit and Automobile Costs
It is often usefulo comparethe costs ofransit with other modes to evaluate the cost efficiency and
fairness This section discusses factors to consider in such analysis.

Forefficiencyjustifiedservice intended to reducecongestion, accidents and pollution

problemg transit and automobile transport can lwemparedusingcost effectivenessdicators

such as costs per passemgnile or benefit/cost ratio For equityjustifiedservice intended to

provide basic mobility to disadvantaged people) there are reasons to subsidize transit more than
automobile travé, sincetransit bears additional costs to accommodate people with disabilities
(such asvheelchairifts), and many nosdrivers have low incomeso lov faresachieveequity
objectives Since manyransit userscannot drive, transiservicecostsshould becompared with

taxi costs, or a combination of taxi and automobile trasasts (including driv€ime costs) for
chauffeured car trips

Various cost comparison issues are described below.

Government Subsidy Per Passenger-Mile
When measured pgpassengr-mile, transit subsidies often appear large. Transit subsidies
average about 60¢ per passengaile, about 40 times larger thahe approximately 1.5¢ per
automobile passengemile roadway subsidiefitman 2009. However, &dout half of transit
subsidy ostsare equityjustified, includng costsfor wheelchair lifts paratransitand servicein
suburban and rural area€onsideringust efficiencyjustified subsidiegbus and rail transit on
major urban corridors)transit subsidies are abo@0¢ per passegermile, 20 times greater
than automobile roadway subsidies. Automobile use requires other public expenditures besides
roads, include traffic services (policing, emergency services, street lighting, etc.) and publicly
subsidized parking. These are estiathto total at least 6¢ per passengerile. This implies that
transit subsidies are 10 times greater than automobile subsidies, or 5 times effigiestitied
subsidy.
Table 40 Automobile and Transit External Costs Per Passenger-Mile (Litman, 2003)
Urban Peak Urban Off-Peak Rural Average

Average Diesel | Average Diesel | Average Diesel | Average  Diesel
Car Bus Car Bus Car Bus Car Bus

Average Occupancy 1.1 \ 25.0 1.5 8.0 1.5 5.0 1.42 10.20
Operating Subsidy 0.000 0.250 0.000 0.250 0.000 0.25(¢ 0.000 0.25(0
Qrashcosts 0.032  0.008 0.023 0.025 0.023 0.04(Q 0.025 0.02§
Externalparking 0.109 0.000 0.027 0.000 0.013 0.00¢ 0.038 0.00d
Congestion 0.155 0.014 0.013 0.005 0.000 0.00¢ 0.036 0.005
Roadfacilities 0.015 0.003 0.011 0.009 0.007 0.008 0.010 0.00%
Roadvay land alue 0.022 0.001 0.019 0.003 0.014 0.009 0.017 0.003
Trafficservices 0.014 0.001 0.007 0.001 0.003 0.001 0.007 0.001
Air pollution 0.056 0.007 0.035 0.02¢ 0.011 0.014 0.029 0.015
Noise 0.009 0.002 0.007 0.006 0.003 0.009 0.006 0.005
Resourceexternalities 0.024 0.006 0.017 0.016 0.014 0.027 0.018 0.017
Barriereffect 0.014 0.002 0.007 0.003 0.003 0.003 0.007 0.003
Water pollution 0.012 0.001 0.009 0.002 0.009 0.003 0.009 0.004
Totals $0.464| $0.295 $0.172| $0.340|] $0.12| $0.35]] $0.2@2 $0.336

This table summarizes external costs of automobile and transit in mills (thousandths of a dollar).
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