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Abstract

This report describes methods for evaluating the benefits and costs of active transport
(walking, bicycling, and their variants, also called non-motorized and human-powered
travel). It describes various types of benefits, costs and methods for measuring them.
These include direct benefits to users from improved active transport conditions, various
benefits to society from increased walking and bicycling activity, reduced motor vehicle
travel, and more compact and multi-modal community development. It discusses active
transport demands and ways to increase walking and bicycling activity. This analysis
indicates that many active transport benefits tend to be overlooked or undervalued in
conventional transport economic evaluation.
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Executive Summary
Active transport (also called non-motorized transport or NMT, and human powered
transport) refers to walking, bicycling, and variants such as wheelchair, scooter, and
handcart use. Active transport plays important and unique roles in an efficient and
equitable transportation system. It provides basic mobility, affordable transport, access to
motorized modes, physical fithess, and enjoyment. Improving active conditions can benefit
users directly, plus provide various indirect benefits, so even people who do not use a
particular sidewalk, crosswalk, path, or bike-rack often benefit from their existence.

This report describes the impacts (benefits and costs) of policies and projects that improve
active transport conditions and increase active mode use. It discusses factors that affect
these impacts, describes methods for quantifying and monetizing (measuring in monetary
units) them. Table ES-1 lists various categories of active transport benefits and costs.
Conventional transport economic evaluation tends to overlook and undervalue many of
these benefits and so tends to underinvest in active modes.

Table ES-1
Improved Active

Travel Conditions

9 Improved user
conveniencecomfort
and safety

9 Improved accessibility
for nondrivers, which

More
Active Travel

T User enjoyment

T Improved public fithess
and health

9 More local economic

Active Transportation (AT) Benefits and Costs

Reduced
Automobile Travel

9 Reduced traffic
congestion

9 Road and parking facilit
cost savings

More Compact
Communities

T Improved accessibility
particularly for non
drivers

9 Transporation cost

9 Lower traffic speeds

1 Increased crash risk

1 Slower travel

2] ; activity. 9 Consumer savings :
5 supports equity y _ duced chauffeur savings
c |  objectives Tincreased community | TReduced chauffeuring | ¢ requced sprawl costs
D | ¢ o | cohesion (positive burdens 70
ion value ; : enspace
P Interactions among 1 Increased traffic safety rzser\?ation
9 Higher property values| neighbors) qE i P
i ) nergy conservatian :
{ Improved public realm |  More neighborhood U duct fiMore livable
(more attractive securityd ¢ S@ Sa i T Pollution reductions communities
streets) AaGNBSGE0 9 Economic development| { Higher property values
%) 9 Equipment costs (shoes
8 | 11 Facility costs bikes, etc.) 7 Increases some
O

development costs

Activetransporthasvarious benefits and costs.

Some of these impacts are relatively easy to measure. Economists often monetize facility
costs, traffic congestion, vehicle operation, crash damage, and pollution costs. Methods
also exist for evaluating health impacts, social equity, affordability and option value (the
value of maintaining a currently-unused option) benefits, user enjoyment, and additional
environmental benefits such as habitat preservation. This guide describes these methods
and how they can be used for more comprehensive evaluation of active impacts.

This report should be of interest to transportation policy analysts, planners, economists
and engineers, plus active transport advocates.
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Introduction

Activetransportation (also calledhon-motorizedtransport, NMTand human powered transpoyt
refers to walkingbicycling and variantsuch as wheelchaiscooter, and handcaruse It includes
both utilitarian and recreationatravel, plusstationaryactivitiessuch as standingraitting on
public walkwaysln this report,pedestrian walker, bicyclist andnon-driverrefer to activemode
users,whereasmotoristanddriverrefer to automobile users, although most people fall into
multiple categories.

Activemodesplay important and unique roles in an efficieamid equitableransport system:

1 Typicallyl0-20% oflocaltrips are entirely byactivemodes, and most trips invohativelinks
to access public transit arghrked carsMicromodes (ebikes, escooters and their variants)
can approximately double active trawdg@mandsand the value of active mode improvements.

1 Improvingactivetransportcan achieve transport planning objectives including reduced traffic
and parking congestion, energy consumption and pollution emissardhelps createmore
O2YLJ Ol aGavYINIL 3INRBgliKé RSGOSt2LIVSydo

1 Walking andicycling provide affordable, basic transport. Physically, economiaalliysocially

disadvantaged people often rely on walking dmclycling, so improvingctivetransport can
help achieve social equity and economic opportunity objectives.

9 Active transport is the most common form of physical exercise. Increasing walking and
bicycling is often the most practical way to improve public fithess and health.

1 Pedestrian environments (sidewalks, paths and hallways) are a major portion of the public
realm. Many beneficial activities (socializing, waiting, shopping and eating)indtimse
areas, and their quality can affect local business activity and property values

1 Walking andicycling are popular recreational activitidsctive traveimprovements can
provide enjoyment and health benefjtand supporsrelated recration andtourism
industries

According to the USlational Household Travel Surd@&HTS)approximately 12 o0f total trips are
made by active modeandtheir potential is much greateApproximatelya quarter of all personal
trips are onamile or less, suitable fortaventy-minute walk halfof allvehicletrips are threemiles

or less, suitable for aventy-minute bike ride and most trips are less than five miles, suitable for a
twenty-minute e-bike ride(Bhattacharya, Mills, and MulalB019 Pisoni, Christidignd Cawood
2022. Surveys indicate that many people want to use these modes more for enjoyment,,health
and affordability(NAR 2017)

Many planning decisions affect walking dvidycling conditions, and therefore the amount of
activetravel that occurs in a communit€onventional transportatioplanningevaluation tends to
overlook and undervalue mamgctivetransportation benefitsresulting in underinvest in these
modes, which reduces overall transport system diversity and efficieflaig report describes
methods for more comprehensive evaluation of these impagecausectivetravel is diverse,
some analysis in this report only@es to certain conditions, modegr trips. For example, some
analysisapplies primarily to walking, others primarily bacycling,some to certain users (such as
people with disabilities and some tacertain conditions (such ativeaccess to public transit)
Users should use judgment to determine what is appropriate for their analysis.
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Active Transportand Transport Diversity

Many communities are, to various degreasfomobile dependenmeaning that their
transport systemsnd land usgatternsfavor automobile traveland provide relatively poor
access by other modes$he alternative igenerallynot a car-free communitywhere driving is
forbidden, rather, it is a community with diverse(or multi-modal) transport system, which
providesvariousaccessibility options, includirgpod walkinghpicycling, public transit,
automobile,ridesharingtaxi and ridehailingtelework anddelivery services.

Activemodes play important roles in a diverse transport systéinere walking andbicycling
conditions are good, typically 120% of local trips are by these modéstive modegprovide
access to public transit; often the best way to improve and encourage public transit travel
improve local walking ankiicycling conditionsWalking provides connections between parke
vehicles and destinations, so pedestrian improvements can help reduce parking problems
Physically, economicallgind socially disadvantaged people tend to rely significantlgative
modes, so they provide equity valué walking and cycling conditions are inadequate,-non
drivers must rely either on taxi travel or chauffeuring (special trips made to transport a
passenger), which is costly and inefficient, particularly because such trips often involve er
backhauls, ® each passengeanile generates two vehiclmiles of travel.

Because transport demands are diverse (different people, areas and trips have differing tf
needs and abilities), increasing transport system diversity témiscrease efficiency and
equity by allowing each mode to be used for what it does best. For example, it is inefficier
physically able people who enjagtive travelare forced to drive for short trips due to poor
activetravel conditions. Similarly, it is inefficient if people who would like to use public tran
cannot due to poor walking arfaicycling access to bus stops or train stations.

A transportation system is an integrated network; its efficiency depends on the quality of
Y2RSa YR (G(KS tAyl1a 0Sis6SSy (KSY®dD C2NJ SH
may depend not only on the qualitf transit servicesbut alsoon the perceived safety of bus
stops and train stations, the quality of walking and cycling conditibiesease of obtaining
information about these travel optionshe ease of paying a farand the social acceptability o
commuting by transitBecause of thesestationships it can be difficult to value a single syste
change; for example, in one location, improvamive modeaccess to a bus stop may
significantly increase ridership, but in anothecationhavemuch smalleimpacs.
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Active Transport Demand and Modeling
Transport demandefers to the amount and type of travel peoplelMchoosein specific
conditions Surveys indicate growing consumer demanddadtive travel For example, the

br A2yl ¢

I & a2 OA | NatioBayComrunity Bréfdreinc® Sapi@yncHtrans®% of

respondents enjoy walking, the most of all travel mgdesajority of households prefer living in a
walkableand bikeableneighborhood over automobiledependent sprawland walkable
community residents are also more satisfied with their quality of life (NAR 20&8hus
demographic, geographic and economic factors affect active travel demands (Table 1).

Table 1

Factors

Active Transport Demand Factors (Dill and Gliebe 2008; Pratt, et al. 2012

Impacts on Active Travel

Age Young peopleand some seniorBave high walking anblicyclingrates.

Some people witlimpairmentsrely on walking andbicycling, and may requineniversal
PhysicalAbility design features such as ramps for walkers and wheelchairs.
Income and Many lowerincome people tend to rely oactivemodes for transportation. Bicycle
Education commuting is popular among higher income professionals.
Dogs Daily walking trips tend to be higher in households that own dogs.
Vehicles and t S2LX S 6K2 R2 y20 KIF@S | OF NI 2 Nbicydidg s |
DriversLicenses | transportation.
TravelCosts Active traveltendsto increase with drivingosts(parking fees, fuel taxes, road tolls, etc
Facilities Walking and cycling increase where there are good facilities (sidewatisswalks, etc.)
RoadConditions | Walking andbicycling tend to increase in areas with lower traffic speeds.
Trip Length Walking and cycling are most common for shorter (less tharil@) trips.
LandUse Active mode shares increase with development density and mix.
Promotion Walking andbicycling activity may be increased withomotional campaigns
PublicSupport Bigycling rates tend to increasghere communities consideit socially acceptable.

Many factors can affecctivetravel demand.

Active travelis measured usingavel surveys and traffic coun(g&uzmyaket al. 2014FHWA
2012 Minge, et al. 2015Nordback, Sellinger and Phillips 20PTatkowski andMarshall2018
Stefansdottir et al. 2024Ryan and Lindsey 2013TRAC 2022Vang and Renne 2023\ccording
to the 2017 U.ational Household Travel Sury&95% of personal trips are by walking and
1.0% bybicycling Between 2001 and 2017 the portion of respondents who biked during the

previous week increased from 7% to 12% and the portion that walked increased from 65% to 73%,

indicating growing demand (NHTS 2G@hd 202(). Del Rosario, Laffaand Pettit (2024) estimate
that 43% of Sydney, Australia car commuters have-mBite walking/public transit option.

Conventionabtatisticsoften undercountactivetravel becausenosttravel surveys undercount
shorter (within traffic analysis zors, off-peakandnon-work trips travel by childrenand
recreational travel ABW 208; Buehler andPucher 2023Stopher andsreave2007 Sullivan and
h QCI f f)2Wany sunveys ignoractivelinks of motor vehicle tripdor example, abiketransit-
walk trip is oftenclassified simply as a transit trip, amghs betweenparkedvehiclesand
destinatiors are ignored, even if they involve several blocks of walking along public sthdets
comprehensive surveys indicate thattivetravel ismuchmore common than conventional
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surveys indicateHorsyth, Krizeknd Agrawal 201,(Pike 201}, soif statisticsindicate that5% of

trips areby activemodes the actual amount is probably 2D%.DelclosAlio, et al. (2021)found

that in large Latin American cities, 30% of trips are entirely by walking and residents actually walk
73% to 217% more than conventional surveys indicate.

Figure 1

Active Mode Shares (2017 NHTS; 2013-2017 US Census)

12% -
10% -
8% -
6% -
4% -

Mode Shares

2% _J
0% - .

Census (Commute Trips) NHTS (Total Trips)

Censuslata indicate that only 3% of
commutetrips are by active modes, but
that survey ignoreg@ 2 dzi K& Q | y
recreational travel, and walking and
bicycling links of motor vehicle trips.

m Bike
m Walk

More comprehensive surveys indicate th
about 12% ofotal trips areby active
modes with much higher rates in urban
areas and by loweincome travellers.

Thestudy, 6Overview of Walking Rates, Walking Safety, and Government Policies to Encourage
More and Safer Walking in Europe and North Amegi@@uehler and Pucher 20P®und that

walking mode shares are lower for commutes than for total trips, and are lower in North America
and New Zealand than in peer countries, as illustrated below.

Figure 2 Walking Mode Shares (Buehler and Pucher 203
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Walking mode shares are lower for commutes than for total trips, and are lower in North America and
New Zealand than in peer countries.


https://nhts.ornl.gov/person-trips
https://www.census.gov/library/stories/2019/05/younger-workers-in-cities-more-likely-to-bike-to-work.html#:~:text=The%20most%20recent%20American%20Community,method%20of%20transportation%20to%20work.
https://www.mdpi.com/2071-1050/15/7/5719
https://www.mdpi.com/2071-1050/15/7/5719
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The study;The Multimodal Majority?ound that during a typical weekbout 7% of Americans rely
entirely on nonrauto modes$5%use a caplus another mode at least once a week, about half of
Americans use neauto modes at least three times a week, and 25% use aanbm mode seven

or more times each weelB(ehlerandHamre2015). Norauto travel tends to increase

significantly after those modes are improved, indicating latent demands, as described later in this
report. Blumenberg, Brown and Schouten (2080d that about 20% of U.S. households eae

deficit, meaning they have more drivers than vehicles, and they often rely oranttnmodes.

The 2009 National Household Travel
Surveyindicates that nean and median
walking distancewere 0.7 and 0.5 miles,
respectively. About 65% of walking trips
were more than 0.25 miles, and about 1§
were more than 1 mile. The distances ar|
durations of walking for recreation were
substantially longer than those for other
purposes. People with lak versus higher
household income walked longer distang
for work but shorter distances for
recreation.

Figure 3 Walking Trips by Distances (Yang and Diez-Roux 2012)
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A majority of U.S. vehicle trips are short enough that they could be made by active and micro
modes in less than 20 minutes (considetkd maximum duration for most common trips), as

illustrated below, and are sometimes faster than driving.

Share of Trips

Figure 4
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60%
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40% 1-3 Miles, 24%

30%

20%
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10%
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Share of Trips by Distances (BTS 2021)
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According to théBureau of Transportation
Statistics (BTS) in 20228% ofall trips were
less than one milésuitable for walking), 52%
were 3 miles or less (suitable for bicycling)
and 64% are less than 5 miles (suitable for
bikes).

This indicates that a majority of current
automobile trips are within walking and
bicycling distances, amdanycould shift to
active or micromodes if given suitable supp
and incentives.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3377942
https://www.energy.gov/eere/vehicles/articles/fotw-1230-march-21-2022-more-half-all-daily-trips-were-less-three-miles-2021
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Although active modes serve a small portion of total tralistancethey represent a much larger
portion oftrips andtravel timeas shown below. As a result, improving walking and bicycling
conditions can provide significant time savings and user benefits.

Figure 5 Mode Share by Distance, Time and Trips (Litman 2010)

20%
@ Transit Activemodes serve a small
portion of travel distance but a
1% BBike larger share of trips and travel
mWalk time.
10%

As a result, improving active and
micromode travetonditionsand

speeds can provide significant
time savings and benefits.

Trips Travel Time Travel Distance

5% -
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Active mode shares vary widely between cities, as illustrated below. They also vary between
countries, active modshares are about twice as high in Finland, Germany, France and the United
Kingdom as in the Australia, Canada, New Zealand and theBueblér and Pucheét023)These
differences are not caused by geography or climate. For example, San Francisco, Boston, and
Seattle are wet and hilly, and Scandinavian countries, Switzerland, and the Netherlands have cold,
wet climates, but all have relatively high active moderstdue to supportive policies (ABW 2018).
Large variations also occur between neighborhoodar(Eret al. 2010; Litman 2008). Muftiodal
neighborhoods often have ten times as much active travel as automobéated neighborhoods.
Although this partly reflects sedielection (nordrivers tend to choose to live in more muttiodal
communities), peple who move from automobileriented to multimodal communities often
increase their active travéCao, Handy and Mokhtarian 2006).

Figure 6 U.S. Urban Region Commute Mode Share (U.S. Census 2007)
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This figure shows the ten U.S. cities with highest and lowesaatmmode commute shares.
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Modelling Active Travel

Transport modelingefers to methods used to predict how travel activity is affected by specific
transport system changes (Clifton, et al. 2066zmyaket al. 2014, Pratt, et al. 2012; Rudolph
2017). Conventional models can be improved to better incorporate active travel (Lewis, Grande
andRobinsor2020), and specializethodels can predict how transport and land use changes
affect active trave(McDonald, et al. 200NZTA 2019¥lolino, et al. 2012UTRAC 2032

The report,Quantifying Reductions in Vehicle Miles Traveled from New Bike Paths, Lanes, and
Cycle Track@/olker, et al. 2019Handy, Tal and Boarnet (2014hd theActive Link Mode Shift
Potential Too(UTRAC 2022rovide guidance for predictinipe activemode potential(AMP)in

particular situationsThey indicate that, under current conditions abdi2% of total trips are

made by walking and about 1% by bicycling, but these could be increased significantly given better
travel conditions with better facilities and slowevehicletraffic. One major study (Matute et al.

2016), analyzed beforand-after count data at various types ofdiities, found that on average

bike trips more than doubled, with a 70% automobile substitution rate (10 additional bicycle trips
reduce seven auto trips)

Active Travel Demands Types ofNon-Drivers(Litman 2022)
In most communities, 280% of the population cannpshould not | § Youths, 124 years olds (3@5% of
or prefer not todrive due to disabilit, low incomer health population).
concerngsee box right)More than half of all U.S. trips are within| § Seniors who do not or should not
20-minute bike ride and a quarter within a 20inute walk drive (515%).
(Bhattacharya, Mills and Mulally 2019)here is evidence of 1 Adults unable to drive due to
significantlatent demand foractivetravel; many people want to disability (35%).
walk and bicycle more than they currently do but face obstacles| 9§ Lowincome households burdened
(ABW 2010Ipsos2022;Leinberger 2012 by vehicle costs (£30%).

1 People impaired or distracted by
Active modeimprovements such as expanding sidewalks, alcohol, drugs or devices.
crosswalks, bikelanes and public paths, can significantly increaq { Visitors who lack a vehicle or
walking andbicycling activity Buehler 2016CPSTF 201FHWA RNAISNRa fAO0Syas
2014 SSTI 20244andy TalandBoarnet2014 Yang, et al. 2031 1 People who want to walk or bike fo
Current demographic and economic trends (aging populatiomgris enjoyment and health.

fuel prices, urbanizatigrand increasetiealth and environmental
concerns) are increayydemand foractivetransport and thebenefits ofaccommodating this

demand Buehler 2016Litman 2006)A U.S. study found that a 10% increase in bikem#gs
increases bicycle commute mode shares 2.5% 48adf they argrotected bicycle lanes (Yang, et

al. 2021). Cities with extensivealk and bikenetworks, such has Davis, California; Eugene, Oregon;
and Boulder, Colorado have more than 15% active commute mode shares, five times the national
averageand less thar?0 daily vehicle miles travelled per capita, 20% less than the national
average (Buehler 2016). Dong (2020) found higher rates of utilitarian walking and bicycling in
central neighborhoods than in suburbs andal areas.

For some evaluationsis important to knowehicletravel substitution ratesthe amount that
motor vehicle traveteclines In a detailedstudyof five U.S.communities with activetransport
improvements Krizek et al. (2007jound that30-40% ofwalk and bikeecommute trips, and about
95% ofactive moderips to other destinationswould have been made by drivinghe researchers
estimate that in these five communitieactive modamprovements reduced approximately 0.25
to 0.75 dailyvehiclemilesper adult, 4% of totalvehicletravel. The AustraliadravelSmart



Evaluatingctivelransport Benefits and Costs
Victoria Transport Policy Institute

program, which encourageesidents to us@on-auto modes typically reduces automobile trips
5% to 14%, about half resulting from shiftsatctivetravel (TravelSmart 2005rizek and
McGuckin (2019)sed2017National Household Travel Sundata concernindittle vehicles (LV$
travel activity In largemetro areas, threequarters of L\rips are less than 4 km (2.5 mi), and half
are shorter than 2 km (1.2 mi)a distanceoften considered too far to walklhese vehicles are
used proportionately more for commutintpan errands, angnen were more likely than women
and young people were more likely than older peopleiseLVs

Active travel can leverage additional vehicle travel reductiomsaning that each additional mile
walked or biked reduces more than one vehiclde due to mechanismdescribed below.

Active Leverage Effest(Cairns et al. 20045uoand Gandavarap2010
Walking and cycling improvements often leverage additional vehicle tredeltions in these ways:

91 Shorter tripsA shorteractivetrip often substitutes for longer motorized trips, suchvealking or
biking to local shopgather than driving taegional shopping centers

1 Reduced chauffeuring?oor walkingnd bicyclingonditions cause motorists to chauffeur non
drivers which generates empty backha(risiles driven with no passengeFor such tripsa mile of
walkingor bicyclingoften reduces two vehicleniles of travel.

91 Increased public transi¥alking ancbicycling improvements can support public trarisitvel, since
most transit trips involvactive moddinks.Improving walking and bicycling access is often one
the most effective ways of increasing transit travel.

91 Vehicle ownership reductionsnproving norauto travel conditionsallows some households to
reduce their vehicle ownership. Since motor vehicles are costly to own but relatively cheap tg
once householdswn a vehiclghey tend to use it, including some relatively lealue trips.

1 Lower traffic speed©ne of the most effective ways of increasing actre@el is to reducairban
traffic speed. This makes walking and bicycling trips more oo petitive with driving and
reduces total automobile travel.

1 Land use pattern8y reducing road and parking space requirements and creating more livabld
neighborhoods, \alking andoicycling improvements help create morempact multimodal
communities which reducewsehicle travel

9 Social normsMore walking andicycling can help increase social acceptance of alternative mo

Not everyactivemodeimprovement has all these effects, but many small changefhiehmmakea
community more multimodal, and therefore redeitotal vehicletravel. Conventional planning often
ignores these indirect impacts and so underestimates the poteimtiphcts and benefitef active
improvements to achieve géctives such as reducimgngestion, accidents and pollution emission

This effect can be evaluated by usinfixad travel time budgetwhich recognizes that people
typicallydevote an average of 680 daily minutes to oubf-home travel Ahmed and

Stopher2014) Ifthey shift from faster to slower modes they find ways to travel shorter distgnces
for examplepedestrians and bicyclists choose closer destinations or forego somealow trips

that they would make if they driveSince driving is typically five to ten times fagtean active

modes, each mile shifted from auto to active modes generally reduces five to ten vetiieteas
travellers maintain their total daily tkeel time target
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The figure below illustrates this effe@ach ongpercentagepoint increase in active mode share,
indicatinga few hundredmore averageannual walkand bikemiles, is associated with al®%
reduction in vehiclamiles,indicatinga few thousand fewer motovehiclemiles,indictinga five to
ten-fold leverage effec{5-10 fewer vehiclaniles for each additional active mode mile)

Figure 7 Active Mode Shares and Per Capita VMT (FHWA Highway Statistics)
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Other studieshavesimilar resultsGuoand Gandavarap(R010)found thatinstallingsidewalls on

all streets ima typical North American communityould increase0.097average daily walkand
bike-miles per capitaand reducel.142vehiclemiles about 12 miles of reduced driving for each
additionalactivemode mile Similarly, Wedderburn (2013) found that in New Zealand cities, each
additional daily transit trip by driving age residents increamsesagedaily walking (in addition to
transit access walkingips) by 0.95 trips and 1.21 kilometers, and reduces two daily car driver
trips and 45vehiclekilometers International data indicatethat each mile of increased active
travel is associated with seveaduced motor vehiclaniles(Kenworthy and Laub2000)

Active mode demands and infrastructure needs are expandilagly communities are seeing a
proliferation ofmicromodesjncluding ebikes, electric scooters, and automated delivery cd#ts.

bikes can approximately double the portion of trips suitable for light-wwweelers.More use of

wheeled luggage and shopping bags, and delivery services such as Amazon and Fedex, increase the
number and diversity of hand carts used on public walkways. Levinson (2023) recommends
rethinking sidewalk design and performance standards toestrgse emerging needs.
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Micromodes

Micromodes are light electripowered vehicles includingleikes, escooters and their variantén
recent yearstieir technology has improveahd become more affordable, and they have become
more common. Aypical utilitarian ebike costs from $1,000 to $5,500, and cargo stybekes

from $2,000 to $9,000, resulting in $400 to $800 annualized costs (ownership, maintenance,
battery replacement, and charging costs), which is about twice as much as a mayahd but an
order of magnitude less than a typicautomobile(Bennett, et al2022)

Compared with active modes they are significantly faster and can therefore travel farther and
access more destinations in a given time period, can carry heavier loads ingadsengers

(usually children) and cargo, and can climb steeper hills. As a result, they significantly increase the
portion oftrips that can be made byghtweightmodes.

Academic studiesstimate that improving bicycle andliéke conditions couldpproximately triple
bicyclemode shares to 1%in 2030 andup to 22%in 2050and reduceurban vehicle emissiongp

to 12%(Mason, Fulton and McDonald 2018 cQueenMacArthur, and Chern2020) Similarly, a

major study for theNew Zealand Transport Agendjode Shift to MicromobilitfEnsor Maxwell

and Bruce 2021 pstimated that 311% of all urban trips could be made by micromodes by around
2030andincrease transit ridership by up to 9% by improving accessofos and stations
''YAGSNRBRAGE 27F 2| aKArgphdedvahith dledtdic kaygo lkeSdidalikeli [ | 0
packagesn a Seattle neighborhoodl'he study found thatargo bikesre often able tanakemore

direct and faster trips than vans, whiblalved vehiclaniles traveled andeduced tailpipe

emissions by0%per delivery (STL 2021)

Because of their potential demand and ability to replace automobile trdvelromodes

significantly increase the return on investment from active modestments If previous analysis
justified spendingl0% of transportation budgets on bicycling programs, Micromodes could justify
increasing this to 2@0%, representing their mode share targets (the portion of trips that
communities want to be made by these modes) and their value of their total benefits.

Toachievetheir potential Micromodes requirgariousimprovements andncentives:

1 Subsidize Micromodeyschase and recharging statioetworkscomparable to those provided for
electric cars per unit of emissions reduced (Boudway 2022).

1 Protected pathsand lowspeed streets to make both human and electric poweb@yclingvery
safe. A communitghouldbe willing to spad as much to accommodate a bicycle or micromode
trip as an automobile trip to the same destination. Currently, most communities désssethan
10%of their infrastructure fundingand road space to active modeascreasingnvestments irtheir
facilities to theirmode share targets woultypically tripleinvestments irthesemodes

Support development of local Microhubs to support cargobike delivery systems.

Incentivego use smaller modes when possible. Because most vehicleamastixed, vehicle

owners have little incentive to avoid drivingore efficient parking pricingmotorists pay directly

for using parking facilities), plusstancebasedvehicleinsurancewould give motorists more
savings when they reduce their vehictéles Traffic speed reductions and road space reallocation
could make biking more time competitive with drividdobility management marketing programs
can promote the user savinga@benefits of shifting from automobile to active and micromodes.
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Evaluating Active Travel Conditions
Below are examples of indicatdi® evaluaingwalking andbicycling conditionsRlumenberg et
al 2016Kittelson 2023;Semler, et al. 203&hashank ahSchuurmarf018; TRB 2022

1 Levelof-ServicdLOSalso calleervice Qualifyrates performance from (best) toF (worst).
Rating systensexistfor activemodes ( f S6 A6 > S F f ® wH nTFhes@ncludeé:5 t

HamMmy T

1. Bigcling LOSonsidersicycle paths, number of unsignalized intersections and driveviegf§ic
and bikelanewidths, parking lanesmotor vehicle traffic volumes and speeds, portion of heavy
vehicles, grades, and special conflicts such as freewagpoibs.

2. Pedestrian LO&nsiderssidewalk path and crosswalkonditions pedestrian crowdingyehicle
traffic speeds and volumes, perceived separation between pedestrians and motor vehicle traffic
(including barriers such as parked cars and trees), street crossing &itlihdensity average
pedestrianroad crossing delay, and special conflicts.

1 WalkScoréwww.walkscore.comcalculates a locatidbd  LINE Bekviees Sueh asi fores,
schools and parkss an indication of the ease of walking to such destinations.
TheCool Walkability Inderates pedestrian comfort in hot climate cities (Litman 2023a).

1 BikeAblgwww.railstotrails.org/ourwork/researchand-information/bikeablg is a customizable
tool for evaluatingcommunity connectivity and bicycle netwoirkprovements

1 ¢KS ' YSNROIY ! &a2 OAWalk ARITHAARP 202%utid héRedestriarSaNd 2 Y Q &
Bicycle Information Cent&\&/alkabilityand Bikeability Checklistate conditions andcheeds

1 TheCopenhagenize InddRttps://copenhagenizeindex.guevaluates cities based on the quality
of bicycling infrastructure, traffic calming, mode shares, safety advocacy and planning.

I TheGuide to Pedestrian Analygigovides guidance for estimating pedestrian volumes and risk
exposure in a particular situation (TRB 2022).

1 Guzman, Oviedo and Cantilzarcia (2024recommend thatvalkability rating systemeflect
the quality of walking conditions and proximity to services and activities for various groups

1 Before and after studies of walking ahitycling improvements that measure changeadtive
travel activity (Turner, et al. 2011).

1 Acceptable Walking Distanc&he table below indicatescceptable walking distances

Table 2 Level of Service by Walking Trip Distance (in Feet) (Smith and Butcher 1997)

Walking Environment LOS A \ LOS B LOSC LOSD
Climate Controlled 1,000 2,400 3,800 5,200
Outdoor/Covered 500 1,000 1,500 2,000
Outdoor/Uncovered 400 800 1,200 1,600
Through Surface Lot 350 700 1,050 1,400
Inside Parking Facility 300 600 900 1,200

This table rates acceptable walking distance for various conditions.
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Benefit and Cost Categories

Activetransportation can haveariousbenefits and costéBhattacharya, Mills and Mulally 2019;
Gosslinget al. 2019 ITDP 20225fQL 2024VHO 2022 Someof these impactslepend on active
travel conditions, others oactive trave] reductiorsin automobile travelor changes in
development patternsas summarized ifable4.

Table 4 Active Transportation (AT) Benefits and Costs
Improved AT Increased AT Reduced Automobile More Compact
Conditions Transport Activity Travel Communities
_ T Reducedraffic { Improved accessibility
il Improvgd user 1 User enjoyment congestion particularly for nom
conveniencecomfort T Improved public f Road and parking facilitj{ ~ drivers
and safety fitness and health cost savings {l Transport cost savingg
g | Timproved accessBIL | qmore local economic | 1 Consumer savings T Reduced sprawl costs
= for nondrivers, which activity duced chauffeuri
S | supports equity | TReduced chauffeuring | ¢ openspace
m objectives 1 Inchrea_sed(corr_]mumty burdens preservation
- cohesion (positive 1 Increased traffic safety -
1 Option value interactions among _ 9 More I|v§b_le
{ Higherproperty values neighbors) 9 Energy conservation communities
f Improved public realm | More neighborhood 9 Pollution reductions 9 Higher property valuey
(more attractive streets)| security 9 Economic development| { Increased security
g 9 Equipment costs
§ 9 Facility costs (shoes, bikes, etc.) 1 Increases in some
9 Lower traffic speeds 9 Increased crash risk | § Slower travel development costs

Activetransporthasvarious benefits and costs.

Table5 summarizedactors thatoften affectthe magnitude of these impactSome impacts
overlap. For example, many economic development benefits result frortrdineport and
infrastructure cost savings so it is important to avoid doutmenting when valuing total benefits.

Table 5 Factors Affecting Active Transport Benefits and Costs

Category Factors Affecting Their Magnitude

Improved walking and | Degree of improvement. Number and type of potential users. Whether many

bicycling conditions pedestrians and cyclists depend on these modes for basic mobility.
Increased walking and | Amount walking andicycling increases. Number and type of users. Whether
bicycling activity currently sedentary people increase their physical activity.
Reduced automobile Amount and type of automobile travel reduced (reductions in urpaak travel
travel tend to provide large benefits).
Land usempacts Degree that a policy or project supports land use planning objectives.

t N22SOi O2aitad +SKAOES GNIFFAO RSEI
Costs costs, and whether users have good alternatives.

This table summarizdactors that affect the magnitude of active transpbenefits and costs
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Monetization Methods

Someactive transporimpacts involvenorrmarket goodsthat is, goods not generally traded in a

competitive market. For example, improved pedestrian environments, cleaner air, and reduce|
traffic risk are not generally purchased directly by consumers. Various methods can be used
monetize(measure in monetary units) such impactar{ Essen, etal. 2007 & v dzl y i A F A

¢ SOKYyAIljdzSazé [AGYlLY HAnngoY

9 User savingsActive modeamprovements that allow people to reduce their transport costs
(vehicle ownership and operation, parking costs, etc.) can be considered worth at least thos
monetary savings.

1 Social cost savingActiveimprovements that reduce costs to government or businesses (suc
reduced road or parking facility costs) can be considered worth that amount to a community

9 Control costsA cost can be estimated based on prevention, control or mitigation expenses. |
example, if industry is required to spend $1,000 per ton to reduce emissions of a pollutant,
can infer that society considers those emissions to impose costs at leastighatf both damage
costs and control costs can be calculated, the lower of the two are generally used for analyy
the assumption that a rational economic actor would choose prevention if it is cheaper, but
accept damages if preméon costs are high.

1 Contingent valuation survegsk people the amount they would willingly pay for a particular
improvement, or the amount they would need to be compensated for loss, such as the closl
a path or trail (Carleyolsen, et al. 2005). Most communities spend approximately a hundred
dollars annually per capita on local parks and recreation centers. This suggesistthatmode
AYLINROSYSyiGa GKFEG aA3IyATAOFLydfe AYLINRGS |
bicycling provide benefits of comparable valu

1 Revealed preference studiaisserve how much people pay in money or time to access servic
facilities. For example, if somebody spends 20 minutes and two dollars for fuel to drive to a
to walk or bike, this suggests they value trail use more than those costs, and thaybeigiiling
to pay to help develop a closer trail that is cheaper to access.

91 Hedonic pricing studiesbserve how walking arlicycling improvements affect nearby property
values. For examplanalysisof Walk Scorewiww.walkscore.comratingsfind that families and
businesses willingly pay 35% higher prices for homes and commercial building space in the
most walkable neighborhood&atz 2020Rodriguez and Leinberger 2023

1 Compensation Ratetegal judgments and other damage compensation can be used as a
reference for assessing nonmarket values. For example, if crash victims are compensated 4
certain rate, this can be considered to indicate damage costs. However, some damages arg
compensated, and it would be poor public policy to fully compensate all such damages, sing
could encourage some people (those who put a relatively low value on their injuries) to take
excessive risks or even cause crashes in ordexdmive compensation. As a result, compensat
costs tend to be lower than total damage costs.

In some situationsa combination of methods should be used. For example, the total value of h
benefits may include a reduction in government, businassl consumer healthcare costs; reducsg
62N] SNJ RAALoAfAGE 02404 | YR -hpayNRd@e ilhessmm
longevity; minus any increase in medical costs associated with walkingi@mding.
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User Benefits

Improvingactive modeconditions (better sidewalks, crosswalks, paths, bike parking, traffic speed
reductions, etc.firectly benefitexisting usergpeople who would walk or bicycle anywagnd

new usergpeople who walk obicyck morein response to improvementsjust as a faster or

safer roadway benefits motorists, safer and more convenient walkingaydling conditions
benefits users of those modeSser benefitscan be largdor the following reasons

1

Activetravel is a critical component of the transport system. It is typically the second most
common mode of transport (after aomobile travelland provides accese and connections
among othemodes. As a result, impring walking andbicycling conditiongan improve
overall transport system diversity and efficiency

Activetransport provides basic mobility, alone and in conjunction with public transpog

typical community, 210% ofresidentsare limited in their driving abilitand sodependon

non-automobile modesf available As a resultactive transportation helps improve

RAal RGIyGl3ISR LIS2L) SQad AYRSLISYRSYyOS FyR S02y2Y,.
Pedestrian environments serve many functions and are a critical part of the public realm

(public spaces where people naturally interaBgople stand, wait, socialize, play, eat, work

andshop on sidewalks and pathsind these facilities are an important part of the landscape.

Improving pedestrian environments can improve the utility and enjoymettede activities

and create more attractive communities.

Althoughactivetravel represents only-85% total trips, it represents a larger portion of travel

time (typically 1530%), which is how users experience transport, so NMT travel conditions
AAIYATFAOLIYyGEE FTFFSOG LIS2Lx SQa (NI} St SELISNRSYyO!
Active travel is less stressful than driving, and contributes to mental health and happiness
(LegrainEluruand EFGeneidy2015.

Activemodes provide enjoyment and exercise. Surveys indicate that walkingieyding are
among the most common forms of recreation and that many people would like to use these
modes more, provided that NMT conditions improve (ABW 2010).

Evaluation methodsvarious methods can be usedrteasure thevalueto users ofactive mode
improvements

)l

Avoidedcosts(usersavingdrom reducedexpenditures on motorized travel or exercise
equipmen). Walking andbicycling improvements reduansumerexpenditures on
automobiles, taxi and public transit fareercise equipment or gym membershipssome
situations (for example, here active modemprovements reduce the need for households to
own vehicles) savings can total hundreds or thousands of dollars annually per capita.

Contingentvaluation (user surveyg Area resident®r potential userscan be surveyetb
determine their willingnesso-pay for specifi¢acilities orimprovement. This method isften
used to estimate park and traiblues(Carleyolsenet al.2005)

Hedonicpricing (effects of walking anticycling improvements on nearby property values)
Various studies indicate thatalkabilityimprovementstend toincrease local property values
(Bartholomew and Ewing 2Q1Katz2020;Krizek et al. 20Q8Rodriguez and Leinberger 2023
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Standen (2018) used economic modeling to evaluate the direct user benefits (welfare gains) from
bicycle facility improvements that increabi&ycling activity in Australia. He points out that,

although walking and bicycling are often slower than driving, users who shift mode in response to
facility improvements must benefit overall, reflecting lower travel time unit costs.

Buchanar(2007)found that residential property valueare 5.2% higheandretail rents4.9%

higherin more walkabld_ondon neighborhoodssong and Knaap (2003) foutdt, al else being
equal, house valuesre 15.5% higher in walkable neighborhoad=ppli and Tu (2000) found 11%
higherproperty values in New Urbaniseighborhoods compared with otherwise similar homes in
conventional, automobilelependent communitiesRodriguez and Leinbergé&023) found that
families and businesses willingly pay4&3% higher prices for homes and commercial space in the
most walkable neighborhoods, reflecting the savings and benefits they provide, and the shortage
of such neighborhoods relative to demand

Cortright(2009) foundhat aone-point WalkSoreincreases associated with a $700 and $3,000
increase in homeesalevalue,so a 10point increaseraises annualized housing costs
approximately$350$1,500.Pivoand Fisher(2010) found thabffice, retail and apartment values
increased 1% to 9% for eatB-point WalkScore increaséAssuming a -point WalkScore
increasecausesaveragedaily walkingto increaseone-mile perhousehold(0.4 miles per capita)
this indicates that consumers willitygpay $1 to $4n higher housing costger additionalmile
walked Similar impacts are found in Canadian citéalgary, Alberta found thaetween 2000
and 2012the neighborhoods with the greatebbme priceincreasesvere inor nearii KS OA (& Q&
corewith higherWalk Sore (Toneguzz2013).0f coursethe positive correlation between
WalkScore and property values may partly refi@ter factors such as land use density, transit
accessibility, and employment access.

Residential property valueslsotend to increase with proximity to public traiflRacca and Dhanju
2006) Karadeniz (2008) found that each footcloserto@hé [ A G Gt S aiicreasas { OSY A O
singlefamily property sale price$7.05, indicating that values increaé® if located 1,000 feet
closer to the trailthis paperprovides a good overview of theditature on this subje¢t Some
studies indicate that proximity to trails and bike paths reduttesvalue ofabutting properties
due toconcerns over reduced privacy amtreased crimelrizek 2006). HoweveRacca and
Dhanju(2006)corclude, 6The majaoity of studies indicate that the presence of a bike path/trail
either increases property values and ease of sale slightly or has no €Ratis and trail benefits
are likely to be largest in communities where walking hinycling are widely accepted and
supported, and if residentsanselfselect, so people who valwetive travelcanlocate near such
facilities, whilepeople who dislike such facilities can move away.

In general, the greater the improvement, the greater the benefit per user, and the more users the
greater the total benefitsThis benefit can be worth as much&&50 per usemile (i.e., o

person walking or bicycling one mile under improved walkingltaoytling conditions)f active

mode conditions improve from very poor to very gadahsed orevidence from hedonic pricing
studies and avoided coanalysigsuch as savings to parents who avoid the need to chauffeur
children to school)in most cases, NMT improvemeauger benefitawvill be somewhat smaller,

perhaps $0.25 per passengeiile.
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Option Value

Option valueefers to the value people may place on havimgogation available that thego not
currently use, such as the value ship passengers place on having lifeboats af@ilaiviergency
used & ¢ NI y a LJ2 NIi 5 A @.8etEuseiwalking artficicling tay semvearious roles in
atransport system, includinigasic mobility for nordrivers, affordable transportecreation and
exercisetheir potential option valueis high

Evaluation method®Option value can be quantified using contingent valuatarveys whiclask

people how much they would be willing pay foractive modefacilities and services that they do

not currently useThe UK Department for Transport developed specific guidance for evaluating

option value (DfT 2003%. KS & ¢ NI y a LJ2 NIi 5 A difahshoktalién CastanddzS ¢ OK I LG ¢
Benefit AnalysifLitman 2009) estimates that improvements in affordable alternative modes can

be valued at 7¢ per passengeiile, dthough this value can vary significantly depending on

conditionsand assumptions.

Social Equity Benefits
Equityrefers to the distribution of impacts and the degree that they are considered appropriate
and fair. Major categories of transportation equity include:

9 Horizontal equity; assumeghat people with similar abilitieshould betreated similarly. This
implies that, unless specifically justified, people should bear similar costs and receive a similar
share of public resources.

9 Vertical equity with regard to inconeassumeshat policies should protect the interests of
lower-income people.

1 Vertical equity with regard to transportation ability and needsssumedhat policies should
protect the interests of mobility impaired people (such as people with disabilities).

Improvingactivetravel conditions can help achieve equity objectives by providing a fair share of
resources to nosdrivers and providing basic mobility for physically, economically and socially
disadvantaged peopldén most communities, 280% of the population cannot or should not drive
due to disability, low incomes, or age. Walking aimycling facility improvements benefit existing
users (people who currently walk and bicyclgus new users (people who walk and bike more
due to improvements)

The followingtend to beparticulaty effectiveat achieving equity benefits

1 Universal designThis refers to special transport system design features to serve all possible
users, including people with disabilities and other special needs.

1 Basic mobility Thisrefers to transport thaprovidesaccesgso essential services and activities,
such asealthcare education, employmentbasicshopping, andocial activities

1 Economic opportunityThis refers tdelpinglower-income people access services and activities
that support theireconomic development, such aducation and employment.

1 Affordability. Walking bicycling and public transit improvements tend to increase transport
system affordabilityimproving mobility for loweincome users

1 Respect and dignitygecause lkkernative modes tend to be stigmatizegrograms thatimprove
their social status tend to benefit disadvantaged people who rely on these modes.

18



Evaluatingctivelransport Benefits and Costs
Victoria Transport Policy Institute

Evaluation methodsvariousobjectives andmpactscan be considered in transport equity analysis
(Forkenbrock and Sheeley 2004F 2023titman 2004c):

9 Egalitarian equitfeverybody receives equal shaysuggests thahctivetransportshould
receive an approximatelgroportional shareof transport resourcesmeasured either as mode
share or per capita.df examplejf activemodeshare is12%, it would be fair to spend that
portion of total transport budgets on nemotorized improvementsandif governments spend
$500 annuallyper motoriston road and parkingfacilities,a comparable amount should be spent
on facilities or nordrivers.

1 Cost allocation equitgeach user group should pay their share of costigjgests that public
expenditures oractivefacilities should be comparable tehat users pay intaxes.

1 Impact compensatiofpeople should compensate the harms they impose on oth&is}the
degree that motor vehicle traffic imposes delay, risk or discomford@ivemodes, there is a
horizontal equity justification for motorists to finaneetivefacilitiesto mitigate such impacts.
To the degree thasidewalks, crosswalks and pedestrian overpaasesieeded to protect
pedestrians and cyclists fromotor vehicle traffiampacts,it is fair that motorists should bear
the costsof these facilities

1 Vertical equitypolicies should favadisadvantaged people) suggests tsaecial effort to
improvenon-motorizedconditions igustifiedto the degree thathesemodesprovide basic
mobility for physically, economically and socially disadvantggeghle For example, traffic
calming and speed control, and fundibigycling facilities with motor vehicle user feéglp
achieve vertical equity objectives by reducing the negative impacts that automobile traffic
imposes oractive mode users

Variousmethods carhelpdetermine the value a community places on social equity objectives and

the degree that a particular policy or project helps achieve these objectives. For example,

contingent valuation surveysandetermine the amountommunity members arwiillingto payto
improveS 02y 2YAOFff& | yR LIK&3&A Ol fCGn8us ad sutvey dakayanl 3 S R
identify where disadvantaged populations live and traagld therefore where such benefits are

likely to be greatest

Transit subsidiesanindicat d 2 OA S (i & Q do-paykof pfovidgasic@aEbiity for nondrivers
Suchsubsidies average about 6@értransit passengemile, about half of whicls justified to
provide basic mobility for nodrivers (the other halisintendedto reduce congestion, parking
and pollution problems)indicating thatasic mobility is wortlat least30¢ per passengenile to
society
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Physical Fitness and Health

Activetravel provides fitness and health benefiughler 2016|TF 2014Pucher, et al. 2010

Sinnett, et al. 201)1 Even small increases in physical activity can improve public health (Sallis, et
al. 2004). Experts recommend that adults spend at leastidgklyminutes(22 daily minutes)in
moderate physical activity, with additional health beneéthieved through increased

rigorousness and duratiof€DC 2010

Diseases Associated With Inadequate Physical Activity

I Heart disease 1 Diabetes

1 Hypertension 9 Osteoporosis (weak bones and joints)
1 Stroke 1 Cancer

1 Depression 1 Dementia

Although there are many ways to be physically active, walkingb@ydling are among the most

practical and effective, particularly for inactive and overweight peopiecfier and Beuhler 2010

Bassett, etal. 2001¢ KS ! o{ @ / Sy (i S NIH&Rh)Pebple20R0rofr8m incidesi N2 f Q&
specific objectives to increase walking didycling www.healthypeople.gok Residents of more

multimodal communities exercise more and are less likely to be overweighintearomobile
orientedareas(Frank 2004). Y| 22NJ a4 dzRe@ 2F nuHdXZoon 'Y NBaARSyI
other demographic factors, incread@eighborhood walkabilitys associated with reduced blood

pressure and hypertension risk (Sarkar, Webster and Gallacher.204i}jy data froni1,041
high-schoolstudentsin 154 U.S.communities(Slater et al.2013)found thatthose living in more

walkable communities have lowedds of being overweight or obese.

Ma and Ye (2021ysed data from a large survey conducted in Victakiastralia to explore the
relationships between the built environment, utilitarian bicycling, and mental wellbdihgy

found that bicycling is positively associated with life satisfaction and negatively associated with
psychological distressndbikeable neighborhoods are associated with better mental hedth.
comprehensive review by Sinnett, et al. (2011) found significant physical and mental health
benefits of improved walkabilityral increased walking activity. Higher levels of walking are
associated with reduced obesity, diabetes, blood pressure, cardiovascular disease, and cancer,
which reduces overall mortality rates. It is also linked with reductions in anxiety and depression,
and improved selfvorth, mood and have a positive impact on setteem.

A major study of 26350U.K. commuters belisMorales,et al. (2017) found that, controlling for
other factors,pedestrians and bicyclists hal@ver cardiovasculaandcancer risk and lower all
cause mortality rates, indicating that on average cycle commuting provides net health benefits
and increases longevitysingdetailed health and community design data from 8, Btuthern
Ontarioneighborhoods Creatore, et al. (2018pundthat overweight, obesityand diabetegates
tend to declinesignificantlywith neighborhoodwalkability.

In a study of residents in 14 cities, Sallis, et al. (2016) foundcctmtolling for other demographic
factors,net residential density, intersection density, public transport density and number of parks
were significantly, positively related to physical activity. The physical adiffidyencesbetween
residents otthe most and least activitfriendly neighbourhoods ranged from 68 to 89 min/week,
which represents 4669% of the 150 min/week recommended by guidelingss implies that
transportation andand use planning decisions can significantly affect public fitness and health.
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TheHealth Economic Assessment TOtEAT) (WHO 2014hd theDynamic Modeling for Health
Impact AssessmelDYNAMGHIA)(Mansfieldand Gibson 2015¢alculate monetizedalues of
policies and projects that improve and increase walkinglziogcling including savings from
avoided drivingimproved public fitness and healtreduced congestion and pollution, changes in
traffic crash risks and consumer welfafdheDYNAMGHIAmethodologyaccounts for changing
population health characteristics over timghich results in significantly lower benefit estimates
thanthe HEAT Topbo they can be used to reflect lowand higherbound values

Mulley, et al. (2013) estimate that in Australia the reduced mortality and morbidity provided by an
active lifestyle providebenefitsworth on averageAUs1.68per km (range $1.23%2.50) for
walking andAU$1.12per km (range $0.8%1.67) forbicycling.

Amajorten-year study found that the overall health of residents of new housing developments
improved when their daily walking increased as a result of more access to parks, public transport,
shops and services (Git€orti, et al. 2013)RojasRuedagt al. (2011 uantified the overall health
impacts to userérom shifting urban driving tabicycling, includinghangesn accident risk,

pollution exposureand public fithessThe study concluded th&arcelon& Bicingpublic kke

rental systentause<.03 additionalannualtraffic crashdeaths 0.13additionalair pollution

deaths and12.46fewer deathsfrom improved fitness, resulting it2.28deaths avoided and a7
benefit:risk ratio Thisratio does not account for the additionakalth benefits from reduced

accident riskandreduced air pollutiorexposureto other residents.

Rabl and de Nazelle (2012) estimate the health impaicshifts fromcar to bicycling or walking,
consideringour effects: changgin physical fithess andmbient air pollutiorexposure to users

reduced pollutiorto others,andchanges iraccidentrisk They estimate that shifting tbicycling

for a 5 km onewvay commutefor 230 annual days providgahysical activitjhealth benefitsvorth

1,0 n nannually and air emission reduction wothn  e2k@®&SNND £ £ = YR AYONBI &S
pollution exposure @stsH 1 € bu@tHitldepends on condition§& Of A 23 G aQ L3R f f dzi A 2
be reduced if they ride separated from major roadwaaris and Amsterdaihdataimply that

any accident cost increasgan order of magnitude smaller thafitnesshealth benefis.

N —~

a
y

Grabow, et al. (2018stimated changes in healtienefitsand monetary costs if 50% diart

trips were made by bicycle during summer months in typical Midwestern U.S. commuAdiess
the study region of approximately 31 million peopieortality is projected todecline by
approximately 1,10@nnualdeaths The combined benefits of improved air quality and physical
fitnessare estimated teexceed $7 billion/yeaiThesefindings suggest that significant health and
economic benefits are possible if bitipg replaces short car trips.

Active Transportation Health and Economic Impact Sfudyan Design 4 Health and AECOM 2016)

evaluated the health and economic benefits of active transportation infrastructure investments

for the Southern California Association of Governments (SCAG). It predicted that implementing the
NBIA2YyQa I OUABS (NI yaLR2 Nlehlth beBeffts, pdivénying 81637t t LINE QA F
cases of hypertension, 15,985 cases of heart disease and 15,076 cases of diabetes, providing

annual benefits worth $226 million in healthcare savings and $111 million in productvrity. dt

will also provide significant economic benefits including increased employment and income, and
increasedproductivity from healthier workers.
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There is sometimes concern that urban pedestrians and cyclists are exposed to high levels of air
pollution, particularly because they breathe deeplgrfour, et al. 2013Pankow, Figliozzi and

AIETTA 6unmnO YSIF&dzZNBR OOt AadtaQ FAN LREfdziAz2y
Cyclists ventilate (brea#) two to five times more than automobile occupants.

Pollution concentrations are 5020% higher on urban arterials than local roads.

Pollution exposure is generally lower on bike pathgept those in industrial areas.

Pollution concentration is significantly lower on parallelfeglume facilities.

Pollution exposure increased with traffic volumes and ambient temperatures.

E R I

There is also evidence that active transport provides psychological benefits.Bygisiy
Household Panel Survegta, Martin, Goryakinand Suhrckg2014)found that accounting for
potential confounding variables relating to work, resideyaed health,overallpsychological
wellbeing wassignificantlyhigherfor active modesommuterscompared to car travel or public
transport Svitching from car travel or public transport to active travel was associated with an
improvement in wellbeing when compared teoaintaining car travel or public transport. Negative
associations were identified between time spent driving and wellbhdirgyeased walking appears
to reduce cognitive decline and dementtarickson, et al. 2030

Evaluation methodsSome studies monetize the health benefits of improved walking and cycling
(Fishmanet al.2012;Genter, et al. 2008;itman 2009; BoarneGreenwaldand McMillan 2008

Cavill, et al. 2008NZTA 2010Cavill, Cope and Kennedy (2009) estimated that an integrated
programthat increasesalking in British townprovidesbenefitsworth £2.59for each£1.00

spent, considering just reduced mortalitpcluding other benefitsréducedmorbidity, congestion
andpollution) would increase this valu&he Department for Transport found even higher

economic returns (DfT 2010). THealth Economic Assessment Tool for Cyalingwalking WHO

2014) provides methodolodesfor valuing tlke adive transportationbenefits including savings

from avoided driving, increased happiness, and reductions in coronary heart disease, diabetes risk,
congestion, pollutiopand crash risk.

Guoand Gandavarap(2010)conclude that the incremental casdf residential sidewalk
constructionare usually repaid by health benefitsom increased physical fithess and reduced
pollution. They estimate thabuildingsidewalkson all city streets would increaseerage daily
activetravel 0.097miles and reduce automobile travill42vehiclemilesper capita Ths
additional physical activitis predicted tooffset weight gain in about 37% wmdsidents providing
substantial healthcare cost savings

Gotschi(201]) estimated thatPortland Oregoif2 40-year$138605 millionbicycle facility
investmentsprovide$388594 millionhealthcare saving$143218 millionfuel savings, and $72
billionin longevity valuetesulting in positive net benefitSaelensmind¢€2002)estimates that
eachphysically inactivperson who startbicycle commutingrovides €3,0004,000annual
economic benefitsMeta-analysisby de Hartog, et al. (2010hdicates thatpeople whoshift from
drivingto bicycling enjoysubstantialhealth benefitq3to 14-month longevitygairs), plus
additional benefits from reducedir pollution and crashiskto other road usersThe New Zealand
Transportt 3 S y ExénOniic Evaluation Manuatovidesthesevaluesof improved healthand
reduced congestion fromcéive transport
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Reducing vehiclewnership and useanprovidevarious types o$avingssummarized ifTable?.

Short urbantripstend to have high costdue to cold start@nd congestion

Table 7

Vehicle Costs

Ve hi c | lema@ B0 Polziw, Chu and Raman 2008

Category

Vehicle
Operating Costs

Description

Fuel, oil and tire wear.

' How It Can Be Measured

Permile costs times mileagg
reduced.

Typical Values

10-15¢ per vehiclamile. Higher
in congested conditions

Mileagerelated

Mileagerelated
depreciation repair costs

Permile costs times mileags

5-15¢ per vehiclamile,

Depreciation and lease fees reduced. depending on vehiclgype.
SpecialCosts Tolls, parking feestc. Specific marketonditions. | Varies.

Reduced vehicle ownership)
Vehicle Reductions in fixed vehicle | times vehicle ownership $2,000 t0$3,000 per vehicle
Ownership costs. costs. year.
Residential Reducedesidential paking | Reduced vehicle ownership
Parking Costs times costsper space. $1001,200 per vehiclgear.

Reducing automobile travehn provide various types sévings depending on conditions

Evaluation methodssavingscan be estimatedisingvaluesfrom Table7. Savings tend to be
particularly large for reductions in short urban trjpsid additional savings can océtinon-
motorizedimprovements help create more accessibigjlti-modal communities, whicleverage
additional reductions in vehicle travel, ownership and parking costs

Reduced Chauffeuring Burdens
Chauffeuing (also calledescor) tripsrefer to additionalvehicle travebpecificallyto transport a
passengeras opposed toideshaing in which apassengerides in avehiclethat would travel
regardlesgLitman 2015)Chauffeurings particularly inefficient because dtften requiresempty
return trips, so transporting a passenger 5 miles generates 10 vehidés Improving alternative
modes can reduce chaufféng burdens, savingrivertravel time,vehicleoperating costs,

external costsandincreasingion-driver<dndependenceSurveys indicate th&-15% of total

vehicle tripsare for chauffeuringwith higher ratesn automobiledependent communities and
lower rates ifmulti-modal communities where adolescents, people with minor impairments, and
people who cannot afford to own a motor vehicle have good mobility options.

Evaluation method€Reduced chauffeling benefitsinclude previously described vehicle cost
savingsdrivertravel time savingghat are typically estimated at 360% of average wage rates

and reduced external costs (congestion, accident risk and pollu#@sjming that a typical
chauffeuring trip involves 5 miles of vehicle travel at 25¢ per mile in vehicle costs, and 20 minutes
of travel time valued at $9.00 per hour, this totals $4.25 per trip or $0.85 per vehiteThis

NB LJI20pfiofand Equityaluesectionsdescribe methods for valuing ireased independence to

non-drivers
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Congestion Reduction

Traffic congestion costs consist of the incremental travel time, vehicle operating costs, stress and
pollution emissions thaa vehicle imposes on other road uséés/ 2 y 3 S a i Aiingin 20®)a G & X ¢
Walking and cyclingonditions can affect vehicle trip generationseveral ways:

1 Poorwalking and cyclingonditionsforce peopleto drive for even short tripdn urban areasa
significant portion ofnotor vehicle trave{often 1030%) consists of short trips that ddwshift
to activemodes(Litman 2010)Where walking conditions are poor, such as along an urban
arterial, people will drivevenacrosshe road or from one driveway to another, adding fitmn
and cross traffic that creategelays.

1 Poor walking and cycling conditions increase chauffeuring trips (special trips made to transport a
non-driver) which often include empty backhauls, which also add congestion.

1 Poor walking and cyclingonditions discouragpublic transitand rideshardravel (car and
vanpooling), which reduces longer vehicle trips

As a result, improving walking abétycling conditionsends toreducevehicle trafficand
therefore congestiorfKoska and Rudolph 2018hese impacts tend to be greatest in commercial
districts, and near schools and recreational centers, where many shorbkigia and end

Face requirenents, and therefore congestion impacts, per passengie or kilometer vary
dependingon vehicle(for this analysis people are considered vehicséisd speed,and occupancy,

and ther interactiors. Shydistance (space between a vehicle and other objects) increases
exponentially with speed, so at 30 kilomegeer-hour (KPH) vehicles can dgfeavel about 15

meters apart, but at 100 KPH they require about 150 metéasiousstudiescalculatethe space
requirements ofdifferent modes. Accating to one estimate, a pedestrian requires about 3 square
meters, a cyclist about 10 square meters,automobile a30 KPHabout 30 square meters arat

100 KPH about 300 square meters, and 50 transit bus passengers traveling at 30 KPH each require
about 2 square meterss illustrated below

Figure 8 Road Space Requirements by Mode (based on Bruun and Vuchic 1995)
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The space required per passenger varies depending on vehicle type, speed and travel conditions.
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Non-motorizedtraffic can contribute to congestiofedestrianand bicyclisteancause delays
when crossingoads or where roads$ack sidewalksSuchmpacts arestill generally less than if the
same trips were made by automobilEo analyzé¢he bicycling congestion impagtsoadwayroad
conditions are divided into four classes:

1. Uncongested roads and separated patBEyclingn these conditiongauses no congestion.

2. Congested roads with space for bicycliBisycling on a road shoulder (common on highways), a
wide curb lane (common in suburban and urban areas), or a bike lane contributes little traffic
congestion except at intersections wherehicleturning maneuvers may be delayed. TaBle
summarizeshese impacts.

Table 8 Passenger-Car Equivalents for Bicycles by Lane Width (AASHTO 1990)
Riding With Traffic 1.0 0.2 0.0
Riding Against Traffi 1.2 0.5 0.0

3. Narrow, congested roads with low speed trafBicycling on a narrow, congested road wde
cyclistskeep up with traffic (common on udn streets) probably causésss congestion than an
average car due to bicycl@smnaller size.

4. Narrow, congested roads with moderate to high speed trafficyclingon a narrow, congested
road wherefaster vehicles cannot easily pass causéraffic delay.

Congestion is reduced wheravelersshift from drivingto bicycling under the first three
conditions. Only under condition 4 does sifjfail to reduce congestion. This represents a small
portion of bicycletravel becausemostbicyclistsavoid ridingin such conditionsDetailed analysis

of traffic speeds on lowevolume urban roads without bicycle lanes found, firesence of a
bicycle generally reduced passenger car travel speedsiphlor lesswhich the authors
consideredhegligible(Schaefer, Figizzi and Unnikrishnan 202aheFLOW Multimodal Transport
Analysis Methodology and Impact Assessment [vaew.h2020flow.eu) evaluates active
transport impacts on transport system performance. Case studies indicate that walking and
bicycling improvements generally reduce congestion (Rudolph 20#jic simulationfound that
addingbicycling lanesypical Australian suburbould increaseaverage car travel timdsy at most
7%, which the authors consider negligialed likely to be offset by travel time savings to bicyclists
(Nanayakkara, et al. 2022)

There is evidence that active traveiprovementsoften reduce traffic congestiofJohnsorand
Johnsor2014; Randersen 2014Vietz (2021) fund that London bike lanes reduce congestion
overall by shifting travel from automobiles to bicycles, reducing total vehicle traffic.
Amajor study for the Arizona Department of Transportation found feEgscapitacongestionn
older, higher density areas than in newer, lower density suburban areas duer®mixed land
use (particularly more retail in residential areasd a more connectesltreet grid whichenables
more walkingandbicyclingand reduces automobile trip&(zmyak012)

Hourdos, et al. (2017) found that drivers on roadways with bicycle lanes were less likely to
encroach into adjacent lanes, pass or queue when interacting with cyclists thearoad with no
bike laneslf bike lanes substitute for general traffic land¢keymay increase congestion, but in
other casestheyA y ONB I aS (201 f NRI Rgl & Ol Brospactifare C2NJ SEI
Westcarriedmorepeopleafterr G NBI R RASGé¢ O2y@SNISR | GNFYFFAO f

25


http://www.h2020-flow.eu/

Evaluatingctivelransport Benefits and Costs
Victoria Transport Policy Institute

Traffic congestion can be measured in various ways that lead to diffestimtates of its cost and

the effectiveness of various congestion reduction strate¢@@antMuller and Laird 2007Litman

2013. For exampletoadwaylLevelof-ServicLOS) and th&ravel Time Inde @ TI)measure
vehicletraffic delay on a particular roadway hese indicators do nakccount for the congestion
avoided by travelers who shift from driving to alternative modeseailuce theirtravel distances,

and sothey tend tounderestimate the congestion reduction benefits iofiprovements to

alternative modes and more compact developmerer capita travel timeandper capita

congestion delagre better indicators ofotal congestion impacts since they account for the
congestion avoided if travelers shift mode or choose closer destinaions2 y 3Sa A2y [/ 2adaxz
Litman 2009. For example, complete streets roadway designd more compact development

tend toincreasecongestion measured using roadway LOS or theb&Thuse these strategies
increasethe intensity of congestion on specificadways. Howeverpecause thg reduce
automobilemode share and trip distancethiese strategieseduceper capita travel tire and
congestion delays. Similarly, policies that prohibit pedestrian crossings on a roadway may reduce
delayto motoristsat thatlocation, but increaseautomobile trips (travelers shift from walking to
driving) and travel distances, increasthg total amount of time people spend traveling

Most traffic models are designed to evaluate regional travel conditions, and so measure
congestion on major arterials and highways. They do not generally account for local congestion
impacts, and therefore much of the congestion reduction benefits of imipgwalking and

cycling conditions. For example, few models can account for the congestioatien benefits

that result if youths shift from being driven to walking aidycling to school because much of the
traffic reduction will occur on local streethat are not considered in traffic models. Traffic
congestion tends to maintain equilibrium: delays increase to the point that they discourage
additional peakperiod vehicle trips. As a result, marginal increases in roadway capacity or
incentives for adw trips to shift mode generally provide only shtetm congestion reductions;
longterm reductions require significant improvements in alternative modes or pricing reforms
that change the point of equilibrium. Improving walking and cycling conditiordstemreduce
household vehicle ownership and trip generation, which tends to reduce traffic congestion, but
most research on this subject concerns public trartive modes can have similar impacts,
alone and in conjunction with transit (Litman 2004; Aftabuzzan@amyieand Sarvi2010).

Hamilton and Wichma(2016)use a unique fingrained traffic dataset to measure the
Washington DC Capital Bikeshare prog@&impacts on congestianThey find that bikeshare
stations reduce traffic congestion dyoor more compared with congestion intensity that would
otherwise occurwith the greatestreductionsin the mostcongested areas.

Evaluation methodsReductions in urbapeak automobile travel tend to reduce traffic
congestionVarious studiegstimatethat the congestion costa motor vehicle imposes on other
road usersaverage 10¢ to 35¢ per urbgeak vehicle milewith lower values under urban off
peak and rural travel condition{&rantMuller and Laird 2007;itman 2009)SQN (2007)
estimates that a traveler shifting from driving to cyclit@dannual trips averaging.9kms
reduces congestion costs other road user£137.28(£0.22 per kmjn urban areas and £68.64
(£0.11 per km)n rural environments.
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Barrier Effect

Thebarrier effect(also callecseverancgrefers tothe travel delaythat vehicle traffic imposes on
activeY2 RS & 0 da. I NNA S N). I9iFequ/aenticaffif congestoympesadog
active mode usersThisreducesactive modeaccessibility, and causes shifts from rontorized to
motorized travelwhich increases external costs such as traffic and parking congegddous
transportplanningdecisions affect the barrier effect:

1 Highwayexpansionincreases the barrier effetty widening roadwayandincreasing vehicle
traffic volumesand speeds

9 Traffic calming, road diets, and traffic speed reductions tend to reduce the barrier effect.

1 Mobility management strategies that reduce total vehicle traffic volumes, such as more efficient
road, parkinginsurance and fuel pricing, tend to reduce the barrier effect.

1 Active modemprovements, such as paths and sidewalks separated from roadway, improved
crosswalks, and sometimes pedestrian overpasses, can reduce the barrier effect.

1 Land use changébkat reduce the need for pedestrians and cyclists to cross major roadways
(such adocating schools and shops within residential neighborhaattser than where
residents mustross or travel along a busy highwagn reduce barrier effects.

Conventionatransport planning generally ignores thesgpacts. For example, roadway widening
is often describedimply as a transpoitmprovement which recognizes the reduced delay to
motorists but ignoreshe additional delay thatvider roads and increasadotor vehicletraffic
imposes oractivetravel. More comprehensiyanulti-modalevaluation recognizes the tradeoffs
involved in such decisions.

Evaluation methodsThe barrier effect imposes direct costs on pedestrians and cyelstsell as
indirect costs by reducing walking and cycling activity and increasing motorized Trage2010
Highway Capacity Manual evaluates pedestrian and cyclingdégelrvice on a particular
roadway (TRB 2010), and thiK Department for Transporbadway evaluation models quantify
the barrier effectfor specificsituationsby estimating walking and cyclingemandassuming no
barrierexistsd & . $ NNINR F n&rC2000;4DfT 2@ TRB 2008)These modelsalculae the
demand for travel between local destinations (homes, schools, shops, parks, etc.) atelayio
activemodetravelerscaused by wider roads and increased motor vehicle traffic volumes and
speeds

Barrier effectcostsare typically estimated taverage 0.5¢ to 1.5¢ perban automobile vehicle

mile, although tley may bemuch highemwhere there is considerable walking and cycling demand
For example, if a busy road between homes and schools nzakieetravel so difficult that

households purchase second cars to chauffeur children (even though they would prefer to walk or
bicycle), the additional costs may total thousands of dollars annfalijre additionalvehicle

expenses and external costs.
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Roadway Costs Savings

Roadway costen averageare about $$50annually per capita in the U.S., about half of which is
funded through general taxes rather than user feesl\\VA 2008Subsidy Scope 2003 Canada,
local roadwaycapital and operatingosts are estimated to total $18I8llion in 2000(TC 2008,

Table 34), which averaged about 9¢ per kilometer, assuming 200 billion annual local kilometers
driven.Although roadserveboth motorized andactivetravel, walking and cyclingequire less
roadspace and impose less wear, and so cost lesmjleroftravelo C1 2! MdppT T awz2l Rgl &
| 2aiazé [.Sidewdlky ansi pathsdace relatively inexpensive to build and maintain.
Providing noAamotorized lanesometimesrequireswider roads but bicycle laneare usually
developed using exisig road shouldes, parking lanesor by narrowing traffic lane#\s a result,
shifting travel frommotorizedto activemodesgenerally reducesotal roadway costs.

Evaluation methodsRoadway construction and maintenance costs are a function of vehicle size,

weight, speed, and, in sontegions, studded tire usg-HWA 1997)Roadwaycosts average about

4¢ per mile for automobileand morefor heavie@ S KA Of S& o6aw2l Rghe /2adazé
Walking and cycling impose minimrahdway costsShifts fromdriving to walking or bicycling

provide roadway facility and traffic service cost savinggppiroximately5¢ per mile for urban

driving and 3¢ per mile for rural drivinopcluding indirect travel reductions leverageddntive

transport improvements

Parking Cost Savings

A typical urban parkingpacehasannualized costs (including land, construction and operating

costg totaling $500 to $3,0®, as illustrated belowand there are estimated to be two to six-off

street parking spaces (one residential and twoMB & A RSY G A £ 0 LISNJ Y2 ({12 NJ OSKA
Litman 2009)Pedestrian®nly require umbrella standand coat racksand 1620 bicycles can

typically be stored in the space required for one automobile.

Figure 9 Typical Parking Annualized Costs per Space (Litman 2009)?
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An urban parking space typically costs $500 to $3,000 in total annualized costs.

1 Parking Cost, Pricing and Revenue Calculs®PIWww.vtpi.org/parking.xlk
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In the short runreductions in automobile travehayresult in unoccupied parking spaces, but
eventually most parking facilities have opportunity costs: reduced parking demand allows
property owners to avoid expanding parking supply, or they can rent, sell or convert parking
facilities to other uses.

Evaluation methodsParking costs are not generally affected by trip length, so this cost is
measured per trip rather than per mile. Shifting from automobilattivetravel is estimated to
provide parking savings of $Pper urbanpeak trip (a typical commuteas$4-8 per day parking
costs), $13 per urban offpeak trip, andabout$1 per rural trip(a t I NJ A yl3man 2089) & = ¢

Traffic Safety Impacts

Qashesare among the largest transportatiarostsé & / NI & K / 2 a 0 BC2608; AG Yl Y HnAnd
Vermeulen, et al2009. A portion of this cost is internal (a direct risk to the traveler), a portion is

external (imposed on other road users), and a portion compensated by vehicle insurance, and

therefore external to the individual traveler but internal to motorists as a gr¢iigman 2009).

Although walking and cycling have higher-pafe casualtyrates than automobile travel, shiftg

travel from automobile toactive modestends to reduce total crash cogtsie to the following

factors (WHO 2008):

1. Activetravel imposes minimal risk to other road users.

2. In automobiledependent communities walking and cycling casualty rateselatively high
because many users achildren and people with disabilitieg/ho tend to have highisk
factors Apedestrian or cyclisivho takes basic precautions such as observing traffic rules and
wearing acyclinghelmet tends to havenuch lowerthan average risk.

3. Permile and per capita trafficasualty rates tend to decline as walking and cycling activity
increases in a communityecause drivers become more cautiared communitiesinvest
more innon-motorized safety improvementwhere there are more pedestrians and cyclists

4. Asactivetravel increasedptal per capita mileage declines. A local walking trip often
substitutes fora longer automobile trip. €ple who rely oractivemodes tend to travelewer
total annual mileghan motorists

5. Some walking and cycling promotion programs include education and facility improvements
that reduceLJr NI A Qédr-inlle gediestan andicycle crash rates.

6. Thesubstantiahealth benefits ofvalkingand cyclingdescribed earlier) more than offset any
increase in crash risk, so longevity tends to increase agtivetransport

Shifts from driving toactivemodes tend to reducéotal per capita crash casualty rates in an area,

as indicated in figure8and9x 'y STFFSOG OFff SR aGal ¥Sdeé Ay ydzyoS!
2003) Areas with high rates afralking and cyclingend to have lowper capita traffic death rates
(Fietsberaad?008 ABW 201D Overall, longevity tends to increase with increased walking and

cycling activity (Cavill, et al. 2008or exampleMurphy, Levinson and Owen (2017) found thrat

448 Minneapolisity intersections, pdestrianshada lower risk of being hit by a car at

intersections with higher pedestrian traffidemonstrating safety in numbers.
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Figure 10 Traffic Fatalities vs. Active Transport (US Census 2000)
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Chu (2006) concludizhat walking has 1.7 times the fatality rate per minute of travel than motor

vehicle travel, with significant variation by time of daydage of walkerandon how risk is
measured. The incremental risk faresponsible pedestrian or cyclist who observes traffic rules

and takes precautions such as using a light at night and a helmet (for cyclists) is likely to be much

lower than indicated by average parile fatality rates and offset by reductions in risk tiher
road users and other health benefits.

Jacobsen (2003) found thesllisionrates between motor vehicles ambdestriansandcyclists
increases at roughly 0.4 power of walkigugd cyclingactivity (e.g., doubling NMT travel in a

community will increase pedestrian/cycling injuries by 32%gdestria a didings|34% if
walking and cycling double their community

Figure 11 Traffic Fatalities vs. Active Transport (Kenworthy and Laube 2000)
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Marshall and Garric011) found that U.S. citiewith higher per capitebicycling rats tend to
havemuch lowertraffic fatality ratesfor all road usershan other cities. Thg conclude that thiss
partly due toincreasedstreet network densitypoth supports cycling and reduces traffic speeds
and therefore riskMarshall, Ferenchak and Janson (2018) found similar results at the municipal
level.Geyer et al.(2006), andlrurner, Roozenburg arferancig2006)also find that shifts from

driving to active modes by sober, responsible adults are unlikely to increase total accidents, and
that per capita collisions between motorists, pedestrians and cyclists decline as active transport
activity increases.

Evaluation methodsvarious studies indicate thautomobileexternal accident costsvarage 2¢

to 12¢ per vehiclanile, depending on driver and travel conditions, and the scope of costs
O2yaARSNBR 6da/ NXakK /[ 2&iazéTC2008 NetsyfetyrbanefisT DIy 9 & & ¢
provided byshifts fromautomobile toactivetravel are estimated to average 5¢ per urban peak

mile, 4¢ per urban ofpeak mile, and 3¢ per rural mil&hese benefits argreaterwhen combined

with reductions inwalking andbicycling risk, for exampiéactivetravel increases due to more
separatedfacilities(e.g., sidewalks and pathdjaffic speedeductions, improved traffic law

enforcement and cycling education

Security (Reduced Crime Risk)

Securityrefers to reduced crime riskdlany strategies for improving walking and cycling
conditions can increase security, both directly, by increasing security patrols and trimming
landscaping, and indirectly by increasing the number of responsibledriiminal) people on
sidewalks and path which increasegsassivesurveillancg€more people likelyo report threats
also calleckyes on the streg¢tand improved economic opportunity for-ask residents.

Some studies indicate that per capita crime rates tend to decline in more compact, mixed,
walkable communitied-or exampleGilderbloom Riggsand Meares(2015)found that, accounting
for other demographic and economic factow§alk Scoravassignificantlyassociated with lower
murder, violent, property and total crime rates in most Louisville, Tennessee neighborhoods.
Using highresolution data to evaluate how land use factors affect Chicago neighborhood street
crime (robbery and assault), Twinam (2018) found that crime rates decline with population
density, and although they increase near commercial land uses, parlyclidaor stores and late
hour bars, dense mixedse areas are safer than typical residential areas.rébalts suggest tha
allowing more developmerdensityand mix tends to reduce crime risks compared with
conventional policiesAlso using highesolution land use and crime data, Humphrey, et al. (2019)
found that crime rates increase in commercial districts, they decline near businesses, such as cafes
and convenience stores, that are open more weekly hours.

Chang and Jacobson (201a)nd that, all else being equal, Los Angeles neighborhood crime rates

decline with walkability, and temporary closures of medical marijuana dispensaries, due to state

laws changes, and to restaurants due to health code violations, caused street crenaaat

increase, and then decline again after they reopened. The authors conclude that this probably

NEFf SOGa aSeSa dzaRy U K SAftel adNgirs foe socdéchngndc faRtBréd S NNE v
such as age, employment statusdaincome Browning, et al(2010) found that per capita violent

crime rates decline with density in Columbus, Ohio neighborhoods, particularly in the most
disadvantaged area&hristens and Spe€005 also found thaper capita violent crimeates

decline with density in the Nashville, Tennessee region.
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Energy Conservation

Motor vehicle production and use consume large amounts of natural resources, particularly
energysuch aspetroleumand coal calledembodied energyThis onsumption impossvarious
external costsincludngeconomic and national securitjhpactsfrom dependence on imported
petroleum,plusenvironmentaland healthdamagedrom pollution As a result, resource
conservation can prade various benefitsActivetransportcanprovide relatively large energy
savingsf it substitutes for short urban tripghat have high emission rates per mile due to cold
starts engines are inefficient during the first few minuteSoperatior) and congestion. As a
result,each 1%shift from automobileto activetraveltypicallyreducesfuel consumptior2-4% In
addition, as previously describeativetransport tends to have leverage effects, so
comprehensivective mode improvementsan provide additional energy conservation benefits.

Evaluation methoddPetroleum consumptiorexternal costsre estimaed to be t4¢ pervehicle

YAES 60awSaz2dz2NOS / 2y adzy LI A &though poéstbIMdidrefto accpumti 8 ¢ [ A
for all environmental costs associated with petroleum extractigrlatively highvaluesare

justified becausenon-motorizedtravel substitutes for short urban trips in which motor vehicles

are fuel inefficient due to cold starts and congestion.

Pollution Reduction

Motor vehicleproduction and useauseair, noise and water pollutiorwhichharm people

agricultural and the natural environme(€hesterand Horvath 2008TC 2008 The impacts of

some pollutants, such as noise, carbon monoxjdad particulatesare very localso their costs

depend on where emissions oc¢uvhilethe impacts obthers, such as ozone, methane and

carbon dioxideare regional and globako their costs are less affected by locatign A NJ t 2 f f dzi A 2 Y
Litman 2009)Walking and cycling produegrinimal pollution. Users are exposed to similar air

pollution levels as automobile occupants (Frank, et al. 2010).

Various methodsire used to evaluate active transport emission reductions (DRISI 2BtEB)y
underestimate actual reductionsy assuminghat a mile of walking or bicycling redugest one
vehiclemile, ignoring leverage effects as discussed in the box on pagedand Gandavarapu
(2010 found thatinstallingsidewalls on all streets i typical North American community
reducesabout 12 motor vehicle mileger additional mile walked or bikedndactivemodestend
to substitute forshort tripsthat havehighemission rates due to cold starts and congestion

TheGlobal High Shift Cycling Scenastimates that dramatically increasing bicycle argile use
to serve all consumer demands could reduce up t&df urban transportatioemissions.
Maizlish, RudolplandJiang (2022) conclude that active transportatioiprovements that result
in residents achieving physical activity targetSq weekly minutes for physical actiyitould
reduce transportation emissions 24%d avoid167,000 deaths and gath5 million disability
adjusted life yearsyith $1.6 trillionmonetized health benefitdn contrast, vehicle electrification
that achieves the same emission reductions only reddg$30 deaths and ga#16,400 disability
adjusted life yeargproviding$13 billionhealth benefits Analysis of travedctivityin seven
European citiefound thatincreasa walking and hdyclingsignificantlyreducesmotorized travel
and per capita carbon emissio(Brand, et al. 202and 2023. An average persowho shifts from
driving to bicycling ondailytrip 200days a year decreasapproximately0.5 tonnesof annual
CG emissionsa substantiateductionof per capitaGHGemissions. The largest shifts were for
business purposes, followed by sogciatreational and commutingips.
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Ngo (2016) used beforand-after travel surveys conducted from 2012 to 2015 to measure the

vehicle travel, emissions, health impacts of the CoHeimcken Greenway, a twidlometre

pedestrian and bicycle pathway in downtown Vancouver, British Columbiaahgle consisted

of 207 participants divided into two groups: 135 patrticipants living within one block of the

Greenway (treatment group), and 72 participants living at least aldilathetre away from the

Greenway (control group). The results indicatelistad G A OF £ £ @ aA3IAYAFAOlI yi NBRdz
F SN} 3S RIFIAf& Y202NAT SR DI D SyrAaairzya 606ST2NBY
energy consumption (before: 16.0 MJ; after: 12.2 MJ).

Estimated Benefits/ariousstudiesquantify and monetiz motor vehicle pollution damages, but
many of these estimates include only a limited portion of total pollution cdtsexample some
consider ozone, CO and NOx damages but gparticulateandother air toxics, so total costs are
higher than most published estimatégn Essen 2004Automobile air noise and watepollution
costs ardypicallyestimated to averag@¢ to 15¢ pervehiclemile, withlower-range values in
rural conditions andhigher values under congested urban conditiohsit relatively high values
can be justified to reflect the tendency of walking and cycling to reduce short urbar{Brghscchi
2007; Litman 2009FC 2008Vermeulen, et al2004). A British study estimates that shifts from
driving toactivemodes provide air pollution reduction benefits of £0.11 in urban areas and £0.02
in rural ares, with higher values for diesel vehic(8QW 2007)Areasonablesstimate is 10¢ per
mile for urbanpeak driving, 5¢ for urban offeak and 1¢ for rural driving.

Land Use Impacts

Transportation planning decisions often affect land degelopmentpatterns CTE2008).
Panningdecisions that favor automobile traveduch as expanded urban roadways with higher
design speeds, increased parking requirements and lower vehicle user fees, tend to encourage
more dispersed, urbafringe development, calledprawl while planning that favors walking,

cycling and public transit tend to encourage more compact, mixed development, saiked

growth. Theseoccurs because walking, cycling and lputyvansitrequire more compact and mixed
development for access, and these madee more spaceefficientthan automobiletravel. Table

9 comparegoad and parking spaagequirements of variousmodes for a typical commutéhis

table indicates that driving requires approximately 15 times as much space as bicycling, and about
100 times as much as walkingalking and cycling improvements also tend to enhanceptitaic
realm(public spaces where people naturally interact), which creates safer and more livable urban
neighborhoods (Appleyard 198Appleyard 202

Table 9 Bruun and Vuchic 1995

Time-Area Requirements Per Commuter (based on

Standing/ 8 hr. Road Per 20- Total
Parking Parking Space minute Trip | (Parking & 2 Commutes)
Sq. Ft. Sq. Ft.-Min. Sq. Ft. Sq. Ft.-Min. Sq. Ft.-Min.
Pedestrian 5 0 20 400 800
Bicycle 20 9,600 50 1,000 11,600
Bus 20 0 75 1,500 3,000
Automobile ¢ 30 mph 300 144,000 1,000 20,000 184,000
Automobile ¢ 60 mph 300 144,000 2,250 45,000 214,000

This table compares timarea requirements for parking and road space measured in sdaate
minutes (square feet times number of minutes) fon@@ute commutes by various modes.
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Smart Gowth can provide various economic, social amyironmental benefits, as summarized in
Table D. Most communities have objectives to encourage more compact developmestdvelop
urban neighborhoods, reduce impervious surface area, and preservesyaare (parks, farmland,
forests, etc.) These objectives are importardgardless of whether or not they adérectly

labelled asSmart Growth initiatives

Table 10 Smart Growth Benefits (Burchell, et al. 2002; Litman 1995

Economic Social Environmental
Reduced development and Greenspace and habitat
public service costs preservation
Consumer transportation cost | Improved transport options, | Reduced air pollution
savings particularly for nondrivers Energy conservation
Economies of agglomeration Improved housing options Reduced water pollution
More efficient transportation Community cohesion wSRddzOSR aKSIF G A§

This table summarizes various benefitsociety of smart growth development patterns.

As a result, walking and cycling improvements can provide indineatt Growth benefits. For
example, a Safe Routes to School program that allows more students to walk and bike to school,
provides both direct benefits from reduced automobile traffitusindirect benefits by reducing

the amount of land that must be paved for roads and parking facilities and by encouraging school
districts to place schools in central locations for maximum walkingoamyatling access.

Evaluation methodsThese impacts angotentially large although difficult to quantifyPeople who

live and work in mare compactndmulti-modal communities tend to own fewer cars, drive less

and rely more on alternative modgshichreduces both internal costs (the costs borne by

residents) and external costs (costs imposed on others, such as traffic and parking congestion,
accident risk and pollution emissigngn addition, more compact development tends to reduce
infrastructureand environmental costs and improve accessibility for-dawers(CTE2008).
Together, these cabJNE A RS (K2dzal yRa 2F R2ftfFNBR Ay | yydzf
A4S LYLIOGazé [AGYLY HANDO D

Theseimpactscanbe difficult to evaluate becaugbey are numerous (analyses often focus on
somebut overlook others)can bedifficult to quantify and monetizeandthere are often several
steps between a planning decision at®lultimate land use impact§ oevaluatethese impacts

1. Identify howa planning decision affestand usepatterns includngdirect impacts of tansport
facilities andindirect impacts fronthanges idevelopment patternsThis requires defining a base
case (what would otherwise occur if the proposed policy or project is not implemented).

2. Second, descrihandto the degree possiblejuantify theseland use changgincluding
differencesin impervous surface coveraganpacts orfarming and wildlifehabitat, changes in
accessibility antravel activity (such as more vehicle traveipd resulting changes anergy
consumption and pollution emissions.

3. Third,to the degree possiblenonetize these impact$or example, estimaeconomic and
environmental costs of increased pavemamd reduced openspac8&ome effectgan be
monetized byassigning aollarvalue per hectare dfiabitat lost todevelopment, or each
additional motor vehiclemile generatedby sprawl.
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This type ofanalyss requires makingnumerous assumptionabout impacts and valueand the
resultsmay overlook some impagtsuch asommunity cohesion and agglomeration economies
because they ardifficult to quantify. Such assumptions should be documentéidmaybe better

to incorporate some impactgualitatively, through descriptions and community involvement
rather than assigning a single total dollar value to total land use imgkotss Berger Inc. 1998).
Rogers, et al. (2010) use a case styalyraach to evaluate the impacts of walkable social capital.
Residents living ithree New Hampshireeighborhoods of varying built fornand thus varying
levels of walkability were surveyed about their levels of social capital and travel behaviors. The
results indicate that more walkable neighborhodusse higher levels of social capital

Economic Opportunity and Resilience

By improving affordable access to economic opportunities, including education, employment and
basic services, active transportation tends to increesgnomic mobilitythe chance that children
raised inalower-income householdecome economically successfdg adulty andeconomic
resiliencgability to respond to unexpected financial stresses such as reduced incomes or new
financial burdens)This is amplifiefbr physically, economically and socially disadvantaged people
(Jaffe 2016Levy McDadeand Dumlao201Q Sisson 2013and nonrdrivers in generalKneebone

and Holmes 2015)-rederickand Gilderbloom(2018) found thatower automobile mode shares
areassociated with less income inequality between white and Afrisarerican householdsand
between men and womerandwith higher earnings for white women and AfricAmerican men.
Gilderbloom, Riggs andédres (2015andWon,Lee and.i (2017¥ound that neighborhoods with
higher Walkscore ratings have lower foreclosure rates, indicatipgovedecononic resilience.

Usingincome and travetlata fa more than3.66 million Americans, Oisti{po andButtrick (20B)
found a statically robust positive relationship between walkability @ednomic mobility.
Employment and income disparities between workers who could and could not drive was much
smaller in more walkable cities, indicating that walkability is particularly important for lower
income workers who cannot drive. They also found that residentsa& walkable
neighborhoodsand people who walk more in their daily livésdt a greater sense of belonging to
their communities, which is associated with actual changes in individual social class.
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Economic Development

Economic developmengfers to pogress towarccommunityeconomic goals such as increased
employment, income, productivity, property values and tax revenAesivetransport can
supporteconomic development in several wagoarnet, et al 201 7ECF 201&lusche2012;
Grous 2010Kornas, et al. 2016 ohani and Lawrence 20\kfalk Boston 203ITfQL 2024

1 Transport efficiencywalking and cyclingnprovements can increageansport system efficiency
by redudngtraffic congestion, road and parkirigcility costs,andaccidentdamagesas
describedpreviously in this reportTo the degree that this reduces costs to commuters,
businesses and governmeniscanincrease economic productivity and competitiveness.

1 LaboraccessActive travelalone and with public transit improvementsanimprove access to
education and employment opportunities, particularly by rdnivers,increasngthe labor pool
available tobusinesss, whichincrease productivity and competitiveness

9 Labor productivityActive transportation tends tocreasdabor productivity by increasing
worker fithessandwork daygHenderson, et al. 201Ma andYe 20193

1 Land useefficiency As previously described, walking and cycling support more comauti-
modal developmentwhichcanprovidevarious accessibility benefitagglomeration #iciencies
and resource cost savings

1 Consumerxpendituresimpacts on consumespending particularlyvehiclesand fuel
expenditures which affectregional economic activitgCortright 2007 Flusche2012)

1 Supports specific industrieSertain industries benefit fromctivetransportincluding bikeshops,
tourism (ACA 2013Heldt andLiss2013 Tourism Vermont 20QGrabow, Hahn and Whited
2010 Qian, et al. 201;6Velo Quebec 20)5retail (HassKlau 1993 SfQ, construction Garrett
Peltier2010),andurbandevelopment

A detailed literature reviewThe Public Poun@&fQL 2024 foundthat people who shop by active
modes(walking, bicycling and their variantg)end more moneyper trip, shops inpedestrianised
streets have higher salgg®r square footand more walkable environmentseate more
economically productive and resilient communitiesake people happier and healthjeand
reduce inequalities by providing access regardless of ahilitfncome Improvedwalking and
bicycling conditionsends toincrease local property valuesmd support local development
(Bartholomew and Ewing 2Q1Boarnet, et al 2017Katz 2020Krizek et al. 200&;0h, Leinberger
and Chafetz 200)9an indication of the value that residents and customers place on these
gualities, increased economic productivignd transportation cost savingBuchanan 2007
Kornas, et al. 201®ivoand Fisher2010. Loh, Leinberger and Chafetz (2019) found that walkable
neighborhoods, which #y labeledWalkUPshave 13198% rent premiums.

Property valuesalsotend to increase with proximity to public trails (Karadeniz 20R&cca and
Dhanju2006). Retailers sometimes opposetive modemprovements, such ke lanes, lased on
the assunption that motorists arewealthier and thereforéetter customers, but this isften
untrue (Clifton, et al2013 Fleming, Turner and Tarjomi 20Bpwe 2013Sztabinski 2009; TA
2006). Beycle parking is space efficiesnid sogenerates about five times as much spending per
square meter asarparking (Lee and March 201®ohani and Lawrence (2017) found labor
productivityincreases with commercial area walkability, indicating fedestrian improvements
support economic development.
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Although automobile and fuel production are major domestic industries, they are capital intensive
with relatively little labor inputand many inputs are imported, s@ationalproductivity and
employmenttend toincreasef consumers shift expenditures from vehicles and fuel to other
consumer goodsas illustrated belowAs a result, reducing vehicle and fuel spending tends to
support economic developmenfctive modefacility construction tends to create more

employment and regional business activity thather capital projects. For example, analysis by
Garrett-Peltier(2010) found that a $1 million spent on bike lanes directly creates 11.0 to 14.4 jobs,
compared with approximately 7.0 jobs created by the same expenditure on roadway projects.

Figure 12 Employment Impacts per $1 Million Expenditures (Chmelynski 2008)
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Activemodetourism tends to provide greater economic benefits per mile of travel than other

forms of tourism (Figure2). A 20144 (1 dzZReé SadA Yl GSR GKF G d2dz2NRada 2y
Verte network spend an average $214 per déd, more than other types of tourists (Velo Quebec
2015).Heldt and Lis§2013) describe how different types of cycling tourists can affect economic

activity: affluent bicycle tourists from other countries, and domestic tourists who would otherwise

spend their holiday dollars elsewhereontribute most to regional and national economic

development. Such tourists tend to demand relatively khiglality cycling facilities (comfortable

and safe routes and trails) and amenities (restaurants, hotels, etc.).

Someimpacts are economic transfelsy g KA OK 2y S 3INRdzZL) o SytReFAGA |
analysis depends on perspective and scale. For example, improvements in one commercial center
may attract customers from otheareaswithout increasing total regional economic activi@ther

impacts are resource savings that increase overall productivity.

Evaluation methodsActivetransporteconomic impaa depend on specific conditiorls. many
situations, noAmotorized improvements can provide significant economic development benefits,
in addition to the other benefits described in this report. The following factors tend to maximize
active modeeconomic development benefits:

1 High activdraveldemand

91 Active travel improvements that are integrated witbmplementary strategies such as public
transit improvements, efficient pricing, ar@hart Growth developmentpolicies, which increase
overall transport system efficiency.

1 Active modeémprovementsthat respond to locaheeds such agreating more attractive
commercial centers, or expanding worker pools or suppottiingism.
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Table 1 indicates methods that can be used to evaluate these impacts, and ways that non
motorized improvements can maximize economic development benefits.

Table 11

Economic Impact

Economic Impact Analysis (Litman 2011

Evaluation Methods

Maximizing Benefits

Transport efficiencytransport
costsaving, such ageduced
congestion, facility costs, and
accident damages.

Measuresavings as described in thi
report, and estimate the savings
producers €ommuters,businesses
and governments).

Integrateactive modemprovements
with complementary strategies such g
public transit improvements, efficient
pricing, and smart growth policies.

Labor productivityg improved
worker access to education an
employment opportunities.

Degree that improved affordable
modes improve access to educatiof
and employment.

Targetcommuter improvements and
integrate with public transit to major
employment centers.

Land useefficiencyc impacts
on development patterns, and
their effects on accessibility
and sprawdrelated costs

Analyeland use impacts (changes
density, mix, connectivity, etc.), and
resulting costs or savings to
businesses and governments.

Integrateactive modemprovements
with smart growth land use policies.

Consumer gpenditure impacts
¢ impacts on consumer
expenditures, particularly on
vehicles and fuel.

Estimate vehicle ownership and
travel changesand resulting
consumer expenditurehangesUse
Input/Output analysis to quantify
economic inpacts.

Nonmotorized improvements help
reduce motor vehicleosts Integrate
with supportstrategies such as public
transit improvements, efficient pricing
and smart growth land use policies.

Support for specific industries
¢ retail centers, bikeshops,

adventure tourism, etc.

Identify ways thatctive mode
improvements help support local

and regional industries.

Non-motorized improvements
implemented in response to local
business needs.

Activetransportation planning decisions can affect economic development in various ways. Evaluation
should consider, and if possible quantify, all of these impact categoriesnitonized planning can be
designed to maximize economic development benefits.
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Active ModeVersus AutomobileAccess; Economic Development Impacts
Planning decisions sometimésvolve tradeoffdetween nonmotorizedand automobileaccess:

1 Sreetscapingand road dietoften redwcetraffic and parking lanes fdrike lanesand wider sidewalks.

1 Traffic calming and speed control programs reduce motor vehicle traffic speeds, in part to increas
activetravel safety and comfort.

1 Some bike lanes and sidewalk widening require eliminating automobile parking lanes.

Localmerchantssometimesfearthey will losebusinessf automobile accesand parkingarereduced
this is not necessarily truénh many cases, improving access by alternative maddsstreetscaping
supports local economic developmenxerall

During the 1970smne cities had negative experiences with pedestrianized streets; they becamsg
unattractive to customers and business activity declined. However, appropriate pedestrian
improvements can increase retail area attractivengsaticularly in urban commercial districts and
resort areasA study of te.ondoncommercial districk found street design improvements typically,
increase residential and commercial property values about 5%, reflecting the value people plag
an attractive street environment angsulting increases ilocal commercial activityBuchanan
2007).Clifton, et al(2013 found that shoppers who arrive walking, cycling or public transport ter
to spend less per trip but make more trips per marghd more in total than automobile shoppels.
a survey ofirban retailbusiness owners, Drennen (2003) found tha¥6consider a local traffic
calmingprogramto provide overall economic benefits, compared with 4% that consider it overall
negative/ 2 Y @SNBA2Y 2F { Iy CNI yOA aOah@ucycliSydly Ditavia
Boulevard significantly increased local commercial activity and property values (CNU 2009).

In some cases, total roadway capacity increases after general traffedemeonverted to bus or
bike paths due to a combination of smoother traffic flow after a road diet, and a significant incrg
in bicycle travel (NYDOT 2010). Because bicycle parking is space efficient it generates about f
as much spending per sgre meter as automobile parking (Lee and March 20b0)rban areas, a
significant portion of retail customers arrive by walking and cycling (TA 2850)dy ofToronto,
Canadaetail businessefound (Sztabinski 2009):

About 90% of patrons arrive by walking, cycling or public transit.

Patrons arriving by foot and bicycle visit the most often and spend the most money per month.
Patrons would prefer a bike lane to widened sidewalks at a ratio of almost four to one.

Even during peak periods no more than 80% of metered parking spaces on the street are occup

=A =4 =4 -4 =4

The reduction in oBstreet parking supply from a bike lane or widened sidewalk could be
FOO02YY2RI (SR XtyeetinénBipal pdking®es. 2 FF

Negative impacts can often be addressed. Improved parkiagagement can often offet aloss of
parking spaces, for example, by indicating where additional automobile parking is available ned
and by encouraging local commuters and customers to arrive by alternative modes.

In many situations, walking and cycling improvements are effsttive investmentshat support
local economic development, particularly if implemented in conjunction with complementary
transport and land use improvements
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Active Transport Impacts on Business Activity
The following studies evaluate how pedestrian and cycling aeffess retail activity.

ACA (2013)Jnited States Bicycle Route System Economic Impabienture Cycling Association
(www.adventurecycling.org atwww.adventurecycling.org/routeandmaps/usbicycleroute-system/benefits
and-buildingsupport/economieimpact Great source of information on cycling economic benefits.

CATSIP (California Active Transportation Safety Information P&gess) Studies: Complete Streets
(http://catsip.berkeley.edu/walkbikesafer/Complete%20Streets

CALTRANS (201M)ain Street, California: A Guide for Improving Community and Transportation ViGdiifornia
Department of Transportatiothttp://bit.ly/1Ny89nY).

Gary Hack (2013Business Performance in Walkable Shopping Avrsetéve Living Research
(http://bit.ly/1BWXNtp). Indicates thatwalkingimprovementstend to increase commerciaktivity and land
values.

T. FlemingS. Turner and L. Tarjomi (2013), Reallocation of Road $esmarch Report 530, NZ Transport Ager
(http://bit.ly/IKHRDDI. Comprehensive study found sales increagath more multimodal street planning.

CABE (2007Raved with Gold: The Real Value of Street De€igmmission on Architecture and the Built
Environment www.cabe.org.uk atwww.apho.org.uk/resource/item.aspx?RID=9234hows how good street
designcan provideeconomic benefits and public valuBpicalstreetimprovementsincrease property values 5%.

Marc Schlossberg, John Rowell, Dave Amos and Kelly S&0&8),Rethinking Streets: An Evidersased Guide
to 25 Complete Street Transformatighniversity of Oregonww.rethinkingstreets.com

Fred Sztabinski (200®Bike Lanes, Gh i NBS{G t F NJ Ay 3 FyR .dzaiAySaa ! {1
NeighbourhoodThe Clean Air Partnershiwww.cleanairpartnership.orng athttp://bit.ly/1CS7kDk Found that
most Toronto commercial street customers arrive wglking, cycling or public transénd thatimproving
pedestrian and cycling facilities can support local economic development, even if it reduces parking supply

SDOT (2011Neighborhood Business District Access Intercept SuBeaytle Department of Transportation; at
www.seattle.gov/transportation/intercept_survey.htnThis survey of patrons atix Seattlebusiness districtéound
that most residents walk or take transit to get to neighborhood districts

Kyle Rowe (2013Bikenomics: Measuring the Economic Impact of Bicycle Facilities on Neighborhood Busine|
Districts University of Washingto(http://bit.ly/IEHATTp. Reviews researchconcerningpicycle facility impacts on
local economic activitySurvey findsubstantial (up to 400%) increasedanalsales after bicycle lane installation.

Rodney Tolley (2011ood For Busine$$ he Benefits Of Making Streets More Walking And Cycling Friendly
Heart Foundation South Australiavw.heartfoundation.org.al; athttp://bit.ly/19RTEe9 Found that walking and
cyclingimprovementstend to increase property values, attract new businesses, and increase local economic
activity. Concludeghat bike parkingprovides more spendngthan the sane space devoted to car parking.

NYCDOT (201)leasuring the Street: New Metrics for 21st Century Strédgsv York City Department of
Transportationwww.nyc.gov/html/dot/downloads/pdf/201210-measuringthe-street.pdf). City usesndicators of
economic vitality (sales receipts, commercial vacancies, number of visitors) when evastisg@tgmprovements

Luis Rodriguez (201®MedestriarOnly Shopping Streets Make Communities More Liy&tdmetizen; at
www.planetizen.com/node/4751.7Discusses pedestriannly commercial streets. It describes various successg

Ray Straatsma and Tom Berkhout (20Bies Mean Business: Building A Great Cycling (And Walking}@iyer
Victoria Cycling Coalitiomttp://bit.ly/1whgNeo). Downtown survey found thabnly 23%of downtown customers
arrived by automobilendthey tend to spendless pemonth than those who arrive ypother modes
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Costs
Various costs associated witbmmotorizedtransportation are discussed below

Facility Costs
Although there is no single source of information on activeminfrastructure costs and
expenditures various studies provide estimates.

1 Sidewalk construction typically costs-$8 per square foot, totaling $1,2580500 for a oot
sidewalk on a 5@oot house frontage. This averages about $50 per year or $20 per capita
assuming 2.5 residents phousehold. This suggests that construction and maintenance of a
comprehensive sidewalk network probably costs-$80annually per capita.

1 Using detailed field surveys in Albuguerque, New Mex@mrningPadilla and Rowangould
(2020) estimated that improving aidewalkgo optimum standards would cost $54 million,
which is approximately $60 per capita or $3 annual per capita overy@@0operating life.

A city engineering study found that approximatd3% o5 Sy @S NE  sidewaksNdreR 2 Q &
missing or substandarénd filling these gaps would cost between $273 million and $1.1
billion, or $385 to $,550 percapita (DE 20198 K S O A Oidigadice 0% collect
ALISOALf LINPLISNIe GFES& (G2 dz2LJANF RS yR O2YLX SiGS
network over three decades.

1 Ithaca, New York charges $70 annually per household (about $30 annual per capita) and $185
per business to build and maintain city sidewalks (Ithaca 2014).

1 The city of Los Angeles has an estimdlt®d50 miles of sidewalkef whichroughly 40% are
inadequate A2016classaction lawsuit by disability rights advocates reqgikeA. to spend
$1.4 billion ove 30 years to fix its sidewalks, which averages $12 annual per capita, implying
that replacing all sidewalks costs about $30 annually per capita (Shoup 2022).

1 TheNonmotorized Transportation Pilot Progranvested about $100 per capita in pedestrian
and bicycling improvements in four typical U.S. communities (Columbia, MO; Marin County,
CA.; Minneapolis, MN; and Sheboygan County, WI), which increased walking trips 23% and
bicycling trips 48%, reduced totathiclemiles about 3%, and increased walking and bicycling
safety (FHWA 2014)

1 The Washington State Department of Transportation 2D2&ft Active Transportation Plan
estimates that upgrading the state transportation system to maximize active tsafety
would cost $5.7 billion or approximately $750 per capita. If implemented oveydars it
would cost about $75 annual per capita or 13% of the WSDOT b(Wegétberger 2021
WSDOT 2020)

f 5dzi OK OAGASEA GeLAOI Tt e &LIBigydingcaciliies,ivBichesH p | Yy dzl f
considered highRietsberaad 2008)ederal and state departments of transportation typically
spend $1to $3 annually per capita in active transportation facilities (ABW 2018; Jones 2021).

1 The studyCost Analysis of Bicycle Facilifdgigand, McNeil and Dill 2013) includes cost
estimates of typical active transportation facilities including bikeways, signage, traffic calming
and end of trip facilities.
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The table below summarizes costs of various active transportation facilities, although more
specific cost data should be used when available.

Table 12 T

Measure
Sidewalks (Soot width)

pical Facility Costs (FDOT 2003; Zegeer, et al 2002, Krizek, et al. 2006

Typical Costs (2012 U.S. Dollars)
$20-50 per linear foot

Marked crosswalk

$100-300 for painted crosswalks, $3,000 for patterned concrete.

Pedestrian refuge island

$6,0009,000, depending on materials and conditions.

Path (5foot asphalt)

$30-40 per linear foot

Path (12foot concrete)

$80-120 per lineafoot

Bike lanes

$10,00050,000 per mile to modify existing roadway (no new construction)

Bicycle parking

$100500 per bicycle for racks, and $2,000 per locker

Center medians

$150200 per linear foot

Curb bulbs $10,00020,000 per bulb

Curb ramps $1,500 per ramp.

Chokers $7,000 for landscaped choker on asphalt street, $13,000 on concrete stree
Curb bulbs $10,000620,000 per bulb.

Traffic circles $4,000 for landscaped circle on asphalt street, $6,000 on concrete street.
Chicanes $8,000 for landscaped chicanes on asphalt streets, $14,000 on concrete s
Traffic signs $75-100 per sign.

Speed humps

$2,000 per hump

Traffic signals

$15,00060,000 for a new signal

Traffic signs

$75-100 per sign.

Traffic circles

$4,000 fodandscaped circle on asphalt street and $6,000 on concrete streg

This table summarizes examples of active transport facility costs.

These studies indicate that typical North American communities currently sighto $60
annually per capita on active mode facilities (sidewalks, bike networks and bike pagiingy),
through government expenditures or mandates for property owners to build and maintain

sidewalks.

Vehicle Traffic Impacts

Some noAmotorized improvements caocausevehicle trafficdelays. For example, traffic calming
and speed reductionsyider sidewalksbike lanesandincreasedoedestriars and bicycliss
crossingoadwayscan reducevehicle travekpeeds. Similarly, converting parking lanes to bike
lanes or wider sidewalks caaduce the ease of findingmarking space

Evaluation methodsthese costs can bestimated using the methods used to calculate other
congestion delag; as described earlier in this repoithese costs may be partiffset by direct
benefits to motorists (traffic calming and speed reductitersd to reduceautomobileaccident
risk), and indirect benefit§ walking and cyclingnprovementscausemode shiftsfrom drivingto
alternative modeswhichreducesvehicle traffic and parking congestion.

Equipment and Fuel Costs

Walking and cyclingequire equipment and fueFunctionakhoes typically cost $1Qger pairand
lastabout 1,000 milegabouta year of normal use), or 10¢ pawalk-mile, althoughmarginal costs
are generallysmalkr since consumers often replace shoes beforeythear out A $30 bicycle
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ridden 3000 annuakmilesneedsabout $100 annual maintenance and lasts 10 yeahsch
averages aboub¢ per mile cycledValking and cyclingequire food for fuel, whichcosts more
than gasoline per calorie, but the annats are generally small (a 1%@und person burns 80
calories per mile walid, and half thatwhen cycling)and snce most people enjoy eating and
consume more calories thasptimal, this foodconsumption is often a benefit rather than a cost.

Evaluation methods/Valking and cyclingquipment and fuel costsan be estimated based on
typical shoe, bicycle and food cosBnce nanypeoplehaveunderusedshoes and bicyclethe
incremental cost of increased walking and cycliage often small Since thisanalysis is not
standardized, it is importartb specify assumptions

User Travel Time Costs

Travel time ione of thelargesttransportation costs, and sinagalking and cyclintend to be
slower than motorized modeshey are sometimes considerédefficientand costly However,
this is not necessarily tru®oor-to-door, activetravelis oftentime competitivefor short trips: for
walking up to a halinile, which represents alut 14% of total personal trips, aridr cycling up to
three miles, which represents about half of total trips (Dill and Gliebe 2068an 2010.
Improving pedestrian and cycling connectivity, amdore compact development increases the
portion oftrips for whichactivemodesare timecompetitive

Travel time unitosts(cents per minute or dollars per hourgry depending on conditions and
preferenceqd ¢ NI @St ¢ AYS |/ Rackieael &. 2q8)AUddérifayorable oompliions
active travehaslow or negativetime costs;usersoften considertime spentwalking and bicycling
a benefit rather than a codbecause it is enjoyabkend provides exercisewvhichreducesthe need

to spend special time exercisirgp usersmaychoose these modes even if they take longer than
driving(Bjorklundand Catén 2012 Standen 2018 Because walking and cycling are inexpensive
travel modestheir effective speedtravel time plus time spent earning money to pay for
transport) is often faster than drivin@ranter 2004) These factors var. A person may one day
prefer walking and another day prefer drivingpeople have high qualitwalk and cycling
conditions they can choose the mode thgyrefer, consideringall benefits and costs.

Evaluatingimpacts:Various methods can be used to measure the vakgs place on theitravel
time @ ¢ NI @St CLAMAS20098tanden 2048 Travel timds generally valuedt80-50%
of prewailing wages, wittower values under favorable conditionand higher values under
unfavorable conditiondf peoplechooseactivemodes in response to positive incentives
(improved walking and cycling conditions, or financial rewpgtidey must be better off overall
(increased consumer surplus), even if trepeeds decline.
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Benefit and Cost Summary
Tablel3 summarizegpotential activetransport benefits and costs

Table 13

Summary of Active Transport (AT) Benefits and Costs

Impact Category Description

Improve AT Conditions

Benefits from improved walking and cycling conditions.

User benefits

Increaseduser convenience, comforsafety, accessibility and enjoyment

Optionvalue

Benefits of having mobility options available in case they are ever needed

Equityobjectives

Benefits to economically, socially or physically disadvantaged people

More AT Activity

Benefits from increased walking and cycling activity

Fitness andhealth

Improved publiditness and health

Reduced Auto Travel

Benefits from reduced motor vehicle ownership and use

Vehiclecost savings

Consumer savings from reduced vehicle ownership and use

Avoided tauffeuring

Reduced chauffeuringesponsibilities due to improved travel options

Congestion reduction

Reduced traffic congestion from automobile travel on congested roadways

Reduced barrier effect

Improvedactivetravel conditions due to reduced traffic speeds and volumes

Roadway cost savings

Reduced roadway construction, maintenance and operating costs

Parkingcost savings

Reduced parking ptdems and facility cost savings

Energyconservation

Economic and environmental benefftdm reduced energy consumption

Pollutionreductions

Economic and environmental benefits from reduced air, noise and viatkuition

Land Use Impacts

Benefits from support for strategic land use objectives

Pavement area

Can reduce road and parking facility land requirements

Development patterns

Helps create more accessible, compact, mpjefill development (smart growbh

Economic Development

Benefits from increased productivity and employment

Increased productivity

Increased economic productivity by improviagcessibility and reducing costs

Labor productivity

Improved access to education and employment, particularly by disadvantaged wq

Shifts spending

Shifts spending from vehicles and fuel to goods with more regional economic vall

Supportspecific industries

Support specific industries such as retail and tourism

Costs

Costs of improving active mode conditions

Facilities and programs

Costs of building nemotorized facilities and operating special programs

Vehicle traffiampacts

Incremental delays to motor vehicle traffic or parking

Equipment

Incremental costs to users of shoes and bicycles

Travel time

Incremental increases in travel time costs due to slower modes

Accident risk

Incremental increases in accident risk

This table summarizes potentedtivetransport benefits and costs.
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Tablel4 categorizes these impacts

Table 14 Active Transportation Benefits and Costs
9 Improved user
Potential | €°Nvenience and { User enioyment TReduced traffic 1 Improved accessibility
Benefits comfort oy _ congestion particularly for non
{ Improved flimproved public flRoad and parking facility ~ drivers
390639[3"::)/ Lor non| fitness and health cost savings 1 Transport cossavings
rivers, whic ;
U - Tincreased | TConsumer savings  Reduced sprawl costs
pports equity community cohesion s Reduced chauffeurin
objectives (positive interactions burdens 9 | 10penspace
1 Option value among neighbors preservation
due to more people | TIncreased traffic safety :
1 Supports related Iki | P | P _ f More livable
industries (e walking on loca 1 Energy conservation communities
i 9. streets) which tends luti ducti ioh lued
retail and tourism) to increase local 9 Pollution reductions T Higher property valueg
9 Increased security security 9 Economic development| {Improved security
. 1 Equipment costs
Potential - _
Costs 1 Facility costs (shoes, bikes, etc.) 1 Increases in some
1 Lower traffic speeds| 1 Increased crash risk| 1 Slower travel development costs

Activetransporthasvarious benefits and costs.

Not all active transport improvements have allithese impacts, but most have manyarious
factors can affect the magnitude of these impacts:

)l

The demand fowalking and cycling activity, including latent demand (additional walking and
cycling trips that peple would make with improved nemotorizedconditions).

The magnitude of change, such as the degree that walking and cycling conditions improve.

The degree that impacts affect physically, economically or socially disadvamegele,and
therefore affect social equity objectives, such as providing basic mobility fedneers or
improving accessibility for people with disabilities and low incomes.

The amount that physical activity and fithess increase among sedentary people.

Changes imotor vehicle travel, and therefore impacts on congestion, road and parking facility
costs, consumer costs, accidents, energy consumption, and pollution emissions.

The impacts orand usedevelopment patterns, and the value that a community places on more
compact, mixed, accessible development.

The degree that a particular project integrates with other complementary strategies. For
example activetransport improvements tend to be particularly beneficial if implemented with
public transit improvements, efficient transportation pricing (such as more efficient road,
parking, insurance and fuel pricing), and smart growth land use policies.
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Tablel5 illustrates a matrix that cabe used to summarize the impactand benefits of a

particular NMT policy or projecFor example, to evaluate sidewalk improvements, indicate how
much it improves walking and cycling conditions and who benefits; how much it will increase NMT
activity; how much it reduces automobile travel; and how much it will change land use patterns.

Table 15 Active Transportation Evaluation Framework
NMT Conditions NMT Activity Automobile Travel Land Use
Is walking and cycling| Does walking or cycling Does automobile travel Does itsupport
easier or safer? activity increase? decline? strategic planning
objective®

Describe impac

How much

Who is affected
Fill in thistable to help summarize the impacts abénefits provided by a particular policy or project.

The following tables indicatearious types of impacts (benefits and costs) that can result from
activetransport improvements and provides default valdes many of these imacts, measured
in miles per passengemile (onethousandth of a dollarmeasured $0.000 Theseare based on
valuesdescribed irthis report andfrom Transportation Cost and Benefit Analy&igman 2009).
Where possible iesedefault values should bedjusted to reflect specific conditions

Improved Active Travel Conditions
Table 16 summarizeglirect benefitsthat resultfrom walking and cyclingnprovements These
values are multiplied times the number of persoriles of travel on the improved facility.

Table 16 Improving Walking and Cycling Conditions (Per Person-Mile
Impact Category Urban Urban Rural Overall Comments
Peak Off-Peak Average
UserBenefits The greater the improvement,
$0.25 $0.25 $0.25 $0.253) | the greater this value.
Option Value $.035 $.035 $.035 $.035| Half ofdiversity value
Equity Objectives Half ofdiversity valueHigher if g
projectsignificantly benefits
$.035 $.035 $.035 $.035| disadvantaged people.

This tablesummarizes the estimated value of improved walking and cycling conditions
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Increased Active Travel Activity

Tablel7 summarizes typical benefit valueagasuredn cents per mile of travedf increased

walking and cycling activity. Higher values may be justified if an unusually large number of users
would otherwise be sedentary.

Table 17 Increased Walking and Cycling Activity (Per Person-Mile
Impact Category Urban Urban Rural Overall Comments
Peak Off-Peak Average
Fitness and health Benefits are larger if pedestrian
Walking $0.50 $0.50 $0.50 $0.50 | facilities attract atrisk users.
Fitness and health Benefits are larger ifycling
Qycling $0.2M $0.2M $0.2M $0.2@ | facilities attract afrisk users.

This table summarizes the estimati#dess andchealthvalue of increased walking and cycling activity.

Reduced Automobile Travel

Tablel8 summarizes typical benefit values, in cents ptucedmotor vehiclemile, including
automobile travel shiftedo activemodes ancany additional vehicle travel reductions that resiilt
improved walking and cyclirapnditions help createnore compactind mixed land use
development

Table 18 Typical Values i Reduced Motor Vehicle Travel
Impact Category Comments

VehicleGost Savings This reflects vehicle operating cost
savings. Larger savings result if some
households can reduce vehicle
$0.250 $0.225| $0.20|  $0.225| ownership costs.

Avoided Chauffeuring .FaSR 2y boodnn LIS
DNJA @BmeD & $0.700 $0.600[ $0.500 $0580 | value.

CongestiorReduction | $0.200 $0.050| $0.010[ $0.080
ReducedBarrier Hfect | $0.010 $0.010[ $0.010 $0.010

RoadwayQost Savings | $0.050 $0.050{ $0.030 $0.04

ParkingCost Savings Parkingcosts are particularligh for
commutingand lower for errands
$0.600 $0.400] $0.200[ $0.360 | which require less parking per trip.

EnergyQonservation $0.030 $0.030] $0.030[ $0.030

Pollution Reductions $0.100 $0.050/ $0.010] $0.044
This table summarizébe estimated benefits aeduced motor vehicle travdimpacts are

YSIadNBR Ay aYAfae of GK2mmlyRGK 2F F R2€ € N
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Table19 summarizes variousenefitsto communites if increased walking and cycling, and
associated reductions in automobile ownership and motor vehicle traffic, help create more
compact, mixed land use development, whielducessprawltrelated costs.

Table 19 More Walkable and Bikeable Communit
Impact Category Urban Urban Rural Total Comments
Peak Off-Peak

ReducedPavement Specific studies should be used
$0.010 $0.005|  $0.001]  $0.002] when possible.

IncreasedAccessibility Specific studies should be used
$0.080 $0.060/ $0.030]  $0.051] when possible.

This table summarizesrious benefits if walking and cycling improvements reduce impervious
surface area and encourage more compact, mixed land use development patterns

Active Transport Costs

Table ® summarizeghe typical costs of improving nemotorized conditions and increasing

activetravel.

Table 20 T

pical Values i alkin

and Cycling

Impact Category

Urban

Urban

osts

Comments

Peak Off-Peak Rural Average

Facilities andPrograms Highlyvariable.

VehicleTraffic Impacts Highly variable.

Equipment Depends on assumption, such
whether food consumption is a

$0.08) $0.0M $0.08) benefit or cost.

TravelTime Highly variable depending on
conditions and usepreferences.

AccidentRisk 0.083 0.083 0.083

This table summarizes potentidtivetransport benefits and costs.
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Active Transport Improvement and Encouragement Strategies

There are many possible ways to improve and encourage active transport (Alta Planning 2005;
Bhattacharya, Mills, and Mulally 201RHWA 2004ITF 2028 Active mode improvement and
encouragement programs tend to have synergistic effects (total impacts are greater than the sum
of their individual impacts), so it is generally best to implement and evaluate integrated programs.
Experts generally recommertldat active mode plans includeour Esengineering,

encouragement, education, and enforcement. Below examples:

1

Walking and cycling facility improvemenbsiproved sidewalks, crosswalks, paths, bikelanes,
bicycle parking, and changing facilities. Appijwersal desigrnwhich refers to design features that
accommodate all possible users, includivigeelchair and handcart users, and people who cannot
read local languages.

Active transport encouragement and safety prograByecial programs that encourage people to
walk and bicycle for transport, and teach safety skills.

Cool walkability plannintp ensurepedestrian thermal comforin hot climate cities (Litman
2023a) This can be accomplished by creating integrated networkbadewaygshaded
sidewalks) and pedwayenclosed, climateontrolled walkways).

Bike sharing(easyto-rent bikes distributed around a community).

Roadway redesign, includingaffic calming road dietsandtraffic speed controlsTraffic calming
changes roadway design to reduce traffic speeds. Road diets reduce the number of traffic lanes,
particularly on urban arterials. Traffic speed controls can involve driver information, changes in
posted speed limits, and increased enforcemen

Improved road and path connectivitylore connected roadway and pathway systems allow more
direct travel between destinations. Walking and cycling shortcuts are particularly effective at
encouraging motorized to active travel shifts.

Public transportmprovementsPublic transport complements active transport: Public transit
improvements often involve pedestrian and cycling facility improvements (such as better sidewalks
and bicycle parking), and it can reduce vehicle traffic and sprawl.

Commute trip reduction programBrograms thatencourage the use of resouradficient modes
for travelto work and schoolThese often include features that encourage active travel such as
improving bicycle parking or financial rewards sucpa&ing cash out

Pricing reformsThis includes more efficient road, parking, insurance and fuel pricing (motorists
pay directly for costs they impose).

Smart growth(also called new urban, transitiented development, and locatiegificient
development)and use policiedviore compact, mixed, connected land use, and reduced parking
supply tends to improve walking and cycling conditions and encourage the use of active modes by
reducing the distances people must travel to reach common destinations such as shops, schools,
parks, public transit, and friend&wingand Hamidi 2014

Table 3 summarizes the travel impacts of thesategies. Some strategies only affect a portion of
total travel (for example, Commute Trip Reduction programs only affect commute travel at
participating worksites). Aintegrated program that includesctivemode improvements plus
incentives to shift mode can typically reduce automobile travel b30%

49



Evaluatingctivelransport Benefits and Costs

Victoria Transport Policy Institute

Table 3 Travel Impacts of Strategies to Encourag

Improves Active
Conditions

Strategy

e Active Travel

Increases
NMT Travel

Reduces
Automobile Travel

Walking & cycling facility improvements Significant Significant Moderate
Encouragement and safety programs Moderate Moderate Moderate
Public bikes Moderate Moderate Moderate
Roadway redesign Moderate Moderate Small

Improving road and path connectivity Significant Significant Significant
Public transport improvements Moderate Moderate Moderate
Commute trip reduction Moderate Moderate Significant
Transportation price reforms Small Moderate Significant
Land use policy reform Significant Significant Significant

6a{YFtté I tSaa GpKITY oM AT yoAaT2ARE NS (S ér' TaAI NGB G SNJ G K|y
This table summarizes the potential impacts of various mobility management strategies. Although

many strategies have modest individual impacts, their effects are cumulative and often synergistic

(total impacts are greater than the sum of individual impaces integrated program that combines

several appropriate strategies can significantly improve active mode conditions, increase active travel
and reduce automobile travel.

Conversely, planning decisions such as roadway expansion, increased traffic volumes and speeds,
automobile travel underpricing, and sprawled development tend to degrade walking and cycling
conditions and discourage their use.

Network and Synergistic Effects

Transport systems tend to have network effects: their impacts and benefits increase as th
expand. For example, a single sidewalk or bicycle lane generally provides little benefit sin
will connect few destinations, but a network of sidewalks anddiécianes that connect most

destinations in an area can be very beneficial. Similarly, a single sidewalk or bicycle path
connects two networks (i.e., it fills a missing link) can provide very large benefits.

Transportation improvement strategies also have synergistic effects, that is, their total img
are greater than the sum of their individual impacts. For example, developing bike lanes g
may only increase bicycle commute mode share ippibits, and a&commute trip reduction
program alone may only increase bicycle mode share-pyilts, but implemented together
they may increase bicycle mode share bypbints because of their synergist effects.

Conventional transport planning often evaluates projects and programs individually, and s
tends to overlook these network and synergistic effects. This tends to undervalue active
transport improvements, particularly early in the development period. Tisé fiew sidewalks,
bike lanes or encouragement programs in a community will seldom offer a high economic
return if evaluated individually, although once completed the network may provide very la
benefits. It is therefore important to use comprehensivelasystematic evaluation of active
mode benefits.
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Active Planning Resources

AASHTO (2004%uide for the Planning, Design, and Operation of Pedestrian Facitiesican
Association of State Highway and Transportation Officialgn.aashto.org.

ABW (various yeaysBicycling and Walking in the U.S.: Benchmarking Reptiznce for Biking &
Walking www.peoplepoweredmovement.odgat http://bikingandwalkingbenchmarks.org

Bicycle Information Centéwww.bicyclinginfo.orf} provides nonmotorized planning information.

Bicyclepedigwww.bicyclinginfo.org/bikeco3t bicycle facility benefit/cost analysis tool.

Complete Streetsvww.completestreets.orly provides information on mulinodal road planning.

Fietsberaadwww.fietsberaad.n), the DutchCentre of Expertise on Bicycle Padlieyelops and
disseminates practical knowledge and experience for improving and encouraging cycling.

GTZ (2009 yclinginclusive Policy Development: A Handhdakstainable Urban Transport Project
(www.sutp.org/index.php?option=com_content&task=view&id=1462&Itemid=1&lany=uk

ITE (2010)Designing Walkable Urban Thoroughfares: A Context Sensitive Applstithite of

Transportation Engineersvvw.ite.org/css; at
www.ite.org/emodules/scriptcontent/Orders/ProductDetail.cfm?pc=R36AE

National Association of City Transportation Officfatfp://nacto.org).

NelsonNygaard (2009YAbu Dhabi Urban Street Design Manuatban Planning Council
(www.upc.gov.ag atwww.upc.gov.ae/quidelines/urbastreet-desigrmanual.aspx?lang=edS

NACTO (2@, Urban Street Design Guidgational Association of City Transportation Officials
(http://nacto.orq); athttp://nacto.org/publication/urban-street-desigrguide

PBIC (2009Assessing Walking Conditions With An AlwRlidestrian and Bicycle Information Center
(www.walkinginfo.org; atwww.walkinginfo.org/problems/audits.cfm

PROWAC (200 Accessible Public Righi&Way: Planning and Designing for AlteratipAscess Board
(www.accessoard.goy; atwww.accessoard.gov/prowac/alterations/guide.htm

USDOT (2015))GER Beneftost Analysis Resource Guid&®OT(www.transportation.goy; at
www.transportation.gov/policyinitiatives/tiger/tiger-benefit-costanalysisbcaresourcequide

Walk Friendly Communitiéaww.walkfriendly.org is a USDOT program that encourages communitig
create safer walking environments.

Charles V. Zegeer, Laura Sandt and Margaret Scully (2i@9)o Develop a Pedestrian Safety Accide
Plan National Highway Traffic Safety Administration, U.S. Federal Highway Administration; at
http://safety.fhwa.dot.gov/ped bike/docs/thwasa0512.pdf
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Evaluating Specific Active Mode Improvements
This gction describes examplesatitive transport projecevaluatiors.

Pedestrian Facility Improvements (Sidewalks, Paths and Crosswalks)

Pedestrian improvement®nd to benefit existing and newsers, increase walking activignd
mayreduce drivingPedestrianscancomfortably share roadspace with motor vehiclelsere

traffic speeds and volumes are very low (less than 12 miles per hour and fewer than 30 vehicles
during peak hour)elsewherg sidewalks paths and crosswalkseimportant, particularly for
vulnerable pedestrians such as children and peepta disabilities Increased walking tends to
improve public fithess and healtBince physically and economically disadvantaged people often
depend onwalking pedestrian improvementiend to provide optionand equityvalue.

Pedestrian facilities tend tbavesynergisticeffectsso benefitancrease as the network expands. A
singlesidewalkimprovementmay provide minimal benefit, while a link that connects two
otherwise isolated networks or provides a shortcut can provide large beneétestrian
improvements can have leverage effects: increases in watkinge proportionately larger
reductions in vehicle travefFor exampleGuo andGandavarapi2010)estimatethat completing

the sidewalknetwork ina typical U.S. town wdd increase average per capiativetravel 16%
(from 0.6 to 0.7 miles per day) and reduce automobile travel 5% (from 22.0 to 20.9 veiilede

or about 10 miles of reduced VMT for each mile of increased walking

Sidewalks usualincreaseadjacentproperty valuesdy improving acceg®effer 2009PBIC 2009)
but this reflectsonly aportion of total benefitssince norresidents also benefit from improved
access and reduced driviimgthe area so total benefits are likely to be greater tharoperty
value changemdicate(Clarkand Daves 2009)

Factors affecting pedestrian infrastructure improvement benefits

Magnitude of improvement
1 Whetherit significantly improves pedestrian conditions

Demand

1 Number ofpotential users, includingouths people withdisabilities olow incomes, seniors,
dog owners, and people who want vealk forexercise.

1 Importance ofdestinationsit accessessuch as schoolbusinessestransit stopsand parks.

Supports special planning objectives

9 Iflocatedin acommercial or resort areaherewalkability supports economic development
1 Whether it includes universal design to improve mobility for people with disabilities.

1 Ifitincreassphysical activity by oth&vise sedentary people

Network and syneyetic effects

1 Whether it conectsto alargepedestriannetwork (other sidewalks and paths)
1 Whetherpart of anintegrated program to improve alternative modead support smart growth
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Bicycle Facility Improvement (Paths, Bike Lanes and Parking Facilities)

Bicycle improvements are similar to pedestrian improvements, although with a more limited range
of users. Sucknhancenents benefit existing and new users, can increase cycling activity, and
reduce driving. Although many cyclists can comfortably share road space with motor vehicles,
particularly if traffic speeds and volumes are moderate and traffic lanes are sufficieddyand
smooth, many people are reluctant to cycle without special facilitregeased bicycling tends to
improve public fithess anddalth. Since some physically and economically disadvantaged people
depend on cycling, bicycle facility improvements can provide option and equity value.

Using economic modelling, Standen (2018) found that Sydney, Australia bicycle network
improvements offer substantial welfare benefits to users, in terms of improved accessibility,
comfort, perceived safety, and transport choice, even if the trips are slcavel these benefits
increase with network connectivity. By ignoring such benefits in project appraisal, bicycle facilities
may be significantly undervalued, and transport investment decisions inadequately informed.

Bicycle facilities tend to have network effects benefits increase as the network expands. A
short, isolated length of bikpath may provide minimal benefit, while a link that connects two
otherwise isolated cycling networks or provides a shortcut (such as connecting two cul de sacs)
can provide large benefits.

Critics often focus on direct impacts but ignore larger effects. For example, bike lanes that displace
traffic or parking lanes are sometimes criticized for increasing traffic or parking congesttbat

stretch of road but if they cause shifts from driving to bicycling, they can reduce traffic and

parking problems over a large area.

Factors affecting bicycle network benefits

Magnitude of improvement
1 Whether bcatedon or parallelto a busy roadway whereyclingis otherwise difficult.
1 [Ifitis amissing link that camects sections of the cyclimgtwork.

Demand

1 Number of potentialisers, including children and young adults, people with lower incomes, and
people who want tdicycle forexercise.

1 Importance ofdestinationsit accessessuch as schools, shops, public transit stops and parks.

Supports special planning objectives
1 Ifinacommercialor resortareawhereaccess and recreation support economic development
1 If many residents are sedentary and would benefit from increased physical activity.

Network and synergetic effects

9 Ifit connects to a largeyclingnetwork.
1 Ifitis part of an integrated program of to improve alternative modas support smart growth
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Active and Micro Mode Travel Impacts and Benefits

Active and motorized micro modes can substitute for a significant portion of automobile travel.
Surveys indicate that many people want to use these modes more often, for enjoyment,,health
and affordability(NAR 2017)According to théNational Household Travel Sunagproximately
12%of total personaltrips in the U.Sare made by active modes, but their potential use is much
greater(Kuznyak andDill 2012) Approximatelya quarter of alurbantrips are onemile or less,
suitable for awenty-minute walk halfof allvehicletrips are threemiles or less, suitable for a
twenty-minute bike ride and most trips are less than five miles, suitable for a tweniryute e-

bike ride(Bhattacharya, Mills, and MulalB019) These researchersstimate that activanode
improvementscan deliver $74L38 billion in annual value, taking into account user savings, public
health, economic growth and opportunity, and environmental quality.

One Dutch survey found people who purchase diike increased bicycling from 2.1 to 9.2
average daily kilometers and reduced their car travel from 5.1 to 4.6 average daily kilometers
(Fyhri andSundfar 202D A major academic studg, Global High Shift Cycling Scenagstimated

that improving bicycle and-kbike conditions could increase urban bicycling mode shares from the
current @oup to 1®46in 2030 and 2%in 2050(Mason, Fulton and McDonald 201®)ther studies

in North AmericgMcQueenMacArthur, and Cherry2020)and EuropgBucher et al2019)

estimate that, accounting for various climatic and geographic constraitiiikes could achieve
10-15%mode shares and produce up to%2mission reductions in typical urban areas.

Active Transport Education and Encouragement Programs

Education and encouragement programesiucebarriers toactive travelignorance, social stigma,
a habit of driving), increase use of these mgdind reduceamotor vehicle travelSuchprograms
complementfacility improvementsy increasing their use and therefore their tobanefits

Factors affecting education and encouragement program benefits

Magnitude ofimprovement

1 Programquality. Whether itresponds to local conditions and preferences, and so helps
overcome barriers such as ignorance, social stigma, and a habit of driving.

1 Whether it addresses specific problems, such as high rates of cycling traffic violations.

T CGommunity support Whether it attracts support fromsports and recreation, school, public
health, transportation, businessieighborhoodand environmental organizations.

Demand
1 Number ofpeople whoare likely to increase their walking and cycling activity.
1 The degree thaparticipantsreduce their driving.

Supports special planning objectives

1 Whetherlocatedin an area, such as a city or resort community, wiredictions in automobile
travel can provide large benefi{such as reduced traffic congestion and parking problems)

1 Whether the program targets people who are sedentary averweight, and so benefit
significantly from more active transport

Network and synergetic effects

1 Whetherpart of an integrated program to improve and encouragtivetransport.
1 Whether ithelps build broad community support for active transportation.

54



Evaluatingctivelransport Benefits and Costs
Victoria Transport Policy Institute

Cool Walkability Planning

As the world becomes hotter and more urban, pedestrians increasingly experience excessive heat,
particularly in cities due to thkeat island effecthigher ambient temperatures in built up areas.

This makes urban walking uncomfortable, unattractive and dangevahish is harmful and unfair

to pedestrians, and encourages maetomobiletraveland sprawl. Teeducetheseproblems
hot-climate cities should plan for pedestrian thermal comfort. This can be accomplished by
creating integrated networks afhadevays(shaded sidewalks) argbdways (enclosed, climate
controlled walkways) that connect homes, commercial buildargs public transportvithin
walkableurban villagegcompact neighborhoods where most services and activities are easy to
reach without driving). Although these cost more than basic sidewalks they greatly improve
walking comfort and are far cheaper than motor vehicle infrastructure. They can provide many
economic, social and environmental beneffedway and shadeway networks can often repay

their costs through road, parking and vehicle savings, and by increasing local business activity and
property values.

Bikesharing

Bikesharingand Community Bike Progranpsovide convenient rental bicycles intended for short
(less than 5 kilometey, utilitarian urban tripsA typicalPublic Bike System consists of a fleet of
bicycles, a network aciutomatedstationswhere bikesare stored and bike redistributiorand
maintenance programdikes may be rented at one station and returned to anothise isifee or
inexpensive foshort periods (typically first 30 minutegjhissystemallowsurban residents and
visitors tobicycle withoutneeding topurchase store and maintain hike.

Public bikes tend to benefit users directly by providing convenient and affordable transport and
recreation They can provide additional benefitsingreasng cycling activity and substitute for
automobile travel (either alone or in conjunction with public transit).

Factors affecting Public Bike System benefits

Magnitude ofimprovement
1 The convenience of the service, including the number and location of stations, the ease of use,
and the quality of bikes.

Demand
1 Number of people who are liketp use the services
9 The degree that Public Bike users increase their cycling and reduce their driving.

Supports special planning objectives
1 Whether located in an area, such as a city or resort community, where reductions in automobile
travel can provide large benefits.

Network and synergetic effects

1 Whether the system is integrated with public transit services.
1 Whether part of an integrated program to improve and encouraggvetransport
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Determining Optimum Investments

Transportation economic analysis compares the incremental benefits and costs of different
policies and programs. This section shows examples of evaluation appéietivetransport
(Litman 2001Seelensminde 200MacMillen,Givoni andBanister2010. The following formula
can be used to determine the maximum investment justified for policies or programs that shift
travel from automobile taactivemodes

Optimal Investment/Year = (Benefits/Trip x Modal Shift)/Year

Example 1: Pedestrian Facility

Table21 shows the estimated monetized benefits to society of 10,000 miles shifted from driving

to activetravel under urban ofpeak conditions. A new public path might cause such an annual

shift (e.qg., 46 trips shifted daily). Using a 7% discount rate over 20 years, this represents a present
value of about $100,000. This indicates the capital investmertdbald be justified for such a

facility. Total benefits are probably much greater than estimategdusesome potentially large

impact are not monetied in this analysis (health and enjoyment, community livability and
cohesion etc), sogreaterinvestmens maybe justified. This analysis assumes a 1:1 mode
substitution rate that is, each nommotorized mile substitutes for one motor vehicle mile.

Table 21 Benefits of 1,000 Miles Shifted to Active Transport

Congestion Reduction $0.02 $20(Q
Roadway Cost Savings $0.05 $50Q
Vehicle Cost Savings $0.20 $2,00(
Parking Cost§assuming dmile average trigength) $1.00 $10,00(
Air Pollution Reduction $0.05 $500
Noise Pollution Reduction $0.03 $300
Energy Conservation $0.04 $40Q
Traffic Safety Benefits $0.04 $40(Q

Total $1.43 $14,30(

This table indicates monetized benefits of 1,000 miles shifted from motorizetivetravel under
urban offpeak conditions. Since many benefits are not monetized, total benefits are probably larger.

A higher substitution rate would providgeater benefits. Applying the 1.7 substitution rate
indicated earlier in this report (each nanotorized mile substitutes for seven motor vehicle

miles), would mean that benefits average about $10 per trip and $100,000 per year. These larger
benefits ardikely to occur if a active modefacility is part of an overall program to create a more
walkable community, which might also include changing development practices (e.g., locating
more shops and schools within walking distance of homes and employmesl, sihadway

design, traffic management and parking management, as welt@setravel encouragement
programs.
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Example 2: Cycling Program

Table22 shows the funding level justified for a cycling program per percentage point shift it causes
from driving to cycling in an urban community with 20,000 commute trips and 35,000 non
commute trips each day. In this casg@ to $280,000 could be spent for each percent of commute
trips, and $365,365 for each percentage point of roammute trips shifted from driving tactive
travel. Annual investments of up to $3.2 million could be justified for a bicycle improvement and
encouragement program that caes a 5point shift from driving to cycling, and moocensidering
additional, unmonetized benefits. Applying the 1:7 substitution rate would mean that benefits
exceed $39 per commute trip and $20 per rmommute trip. These larger benefits are likely to
occur if the cycling program is part of a comprehensive mobilitgagament program that
improves travel options and encourages reduced automobile travel.

Table 22 Maximum Funding Per 1-Point Shift from Driving to Cycling
Commute Trips Non-Commute Trips Totals

Trips per day 20,000 35,000 55,000
Days per year 250 365

Travel Condition UrbanPeak UrbanOff-Peak

Benefits per trip $5.60 $2.86

Calculation 20,000 x 250 x $5.60 x . 35,000 x 365 x $2.86 x .(

Totals $280,000 $365,365] $645,365

This table shows the estimated annual benefits from eachpoir shift fromautomobile to bicycle
travel, considering only monetized benefits. Total benefits are probably much higher.

Example 3: Active Mode Component of Commute Trip Reduction Program

Table23 shows the monetized benefits from a commute trip reduction program that convinces
100 employees tshift from driving to activenodes assumingheir commutes average 5 miles
per day for 240 days per year, and they $&yOOper day forparking. This program provides
$210,000 in monetized benefits, plus additional benefits from improved health and enjoyment,
and other unmonetized benefits. This indicates the level of program funding that could be
justified. As described above, benefitedarger f the increasedctivetravel leverages additional
reductions in motorized travefor example, if some households reduce their automobile
ownership.

Table 23 Commute Trip Reduction Program Benefits
Benefits Per Mile Per Commuter  Total Daily

Congestion Reduction $0.20 $1.00 $10Q
Roadway Cost Savings $0.05 $0.25 $25
Vehicle Cost Savings $0.25 $1.25 $125
Parking Costs $5.00 $500
Air Pollution Reduction $0.10 $0.50 $50
Noise Pollution Reduction $0.05 $0.25 $25
Energy Conservation $0.05 $0.25 $25
Traffic Safety Benefits $0.05 $0.25 $25

Total $8.75 $875

This table illustrates the value of shifting 100 employees from driviagticemodes at a typical urban
worksite.
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Active Transport Evaluation Examples and Case Studies
For more examples s&ATSIFhttps://catsip.berkeley.eduanddMaking the Case for Invesant in the
Walking Environment Revievof the Evidence 0 [ AGAYy 3 {GNBSGA HammO ®

Active Transportation Benefit/Cost Calculator

Transportation programs and projects are often evaluated using beoesit analysis, to ensure

that their total benefits exceed their total costs, and to compare and prioritize potential projects.
However, existingpenefit-cost analysis tools are inadequate for evaluating active transport. To fill
this gap the California Department of Transportation developeditiive Transportation Benefit
Cost CalculatofCooper and Danziger 20Mww.dot.ca.gov/hg/tpp/offices/eab/atp.htm). Many

of the methods andvalues used in the Calculatare based on this report.

Figure 13 Benefit-Cost Calculator Interface (Cooper and Danziger 2016)
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The Tool incorporates the following impacts:
1 Project costs 1 Physical fitness and health benefits from more active transpoi
I Changes in travel activity 9 Various savings from projects thagduce motor vehicle travel
I Changes in crashes 1 Land use benefits from projects that encourage more compac
1 User benefits development

The current versiotends tounderestimatesomebenefits such as reduced chauffeuring burdens
and parking cost savings, based on the assumption that they are difficult to calculatapplies a
high value to time spenwalking andbicycling A 3y 2NA Y3 Yl ye LIS2L} SQa
activities However, the model can be adjusted to account for these factors. Despite these
weaknesses, thiol is a major contribution to active transportation economic evaluation.

Active Travel Benefit Analysis

Jacoh et al. (2021) reviewed studies of interventions to increase active travel to schools. They
foundthat interventions that improve infrastructure and enhance the safety and ease of active
travel to schools generate societal economic benefits that exceed the societabaosarly,

Jacoh et al. (2024) concludeithat park, trail, and greenwaywestments generally provide net
benefits due to improved public fithess and health
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Active Transport Benefits to Society (Pisoni, Christidis, and Cawood 2022)

The article Active Mobility Versus Motorized Transport? User Choices and Benefits for the Society

analyzed factors that affectrban walking and bicycling activity, estimated the potential for

AYONBIFAaSR | OGAQGS (NI @St s [HghRboakanithe Exteinkl Sostd dzNP LIS | y

Transporf estimated potentiakostsavinggrom shifts from driving to active travelt estimated
that each 10% of trips shifted provides annual benefits totalling at Eaillion eurs.

Global (WB 2023)

The report,The Path Less Travelled: Scaling Up Active Mobility to Capture Economic and Climate

Benefits by the World Bank and Institute of Transportation and Development Pelieynines

why and how cities in lowandmiddle-income countriexan improve and encouragealking,
bicycling, and public transpott help achieve economic, social and environmental g@is.
enabling moreactiveand public transport use, larggcale interventions to scale up active mobility
can deliver significant, quantifiablebefits that dwarf the upfront cost$or example, large public
transit projects become more effective and cost effective if implemented with walking and
bicycling improvements that improve access to transit stations and support more tareited
development.This paper makga case for scaling up financing, leveraging lessons learned, and
identifying and replicating successful investment mecsiansi from case studies

Key Takeaways for Scaling Up Active Mobility Investments:
w .dZAfR AYUSNyrLt OFLIOAGe G2 AyadAaddziazyltal$
w 583St2L) I abénefif ahdlyNiRffamevdrk t@evaludtetive mobility projects
w /| 2YyAARSNI FOGADS Y2ortAade a | CpmamNig O2YLERYySyi

I OGA Q@

2 ¥

w wS023yAT S GKS AYyiSNRSLISYRSyOe 06SiG6SSy (NI yaLRNI

public space agenda
w 'asS rOGA@GS Y2o0AtAGe +ta I LIGKglLe G2 | R@GlIyOS
public transport and public transport ridership, road safety, etc.)

winclude components beyond cycle lanes, including bikeshare programs, bicycle parking and capacity
building Project Financing

wWork together and build coalitions that encourage blended financing for active mobility projects

Understanding Street Improvement Economic and Business Impacts (Liu and Shi 2020)
TheNational Street Improvements Study researched the economic effects of bicycle
infrastructure on 14 corridors across six citie$ortland, Seattle, San Francisco, Memphis,
Minneapolis and Indianapolis. It found that improvements such as bicycle and pedestrian
infrastructure had either posve or nonsignificant impacts on the local economy as measured
through sales and employment.

For exampleafter bike lanes were installed on Central Avenue in Minneapo®012, localetail
employment increased34 compared with 8.5% increase iacontrol areaa few blocks awayt

also recorded a dramatic 52% increase in food salese than doubled the 22% increase in the
control area. A protected bike lane along Broadway in Seattle was accompanied by a significant
31% increase in food service employment compared $®and 16% increases in control areas.
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Econometric of Active Transport User Benefits (Standen 2018)

Using detailed travel surveys and discrete choice modelling, Christopher Standen found that
Sydney, Australia bicycle network improvements offer substantial welfare benefits to users, in
terms of improved accessibility, comfort, perceived safety, and parishoiceg even though

their journeys may end up being slower, and these benefits tend to increase with network
connectivity. By ignoring such benefits in project appraisal, bicycle facilities may be significantly
undervalued, and transport investmenedisions inadequately informed.

European Cycling Benefits

The EU Cycling Econoqirguments for an Integrated EU Cycling Pdhgun and Haubold 2016)
estimates varioudicycling benefits includingnvironmental benefits from reduced pollution and
impervious surface, health and safety benefits, bicycle and tourist industry productivity, user
enjoyment, social equity, congestion reductions, road and parking facility cost savings, social
equity and cormunity connectionsThe fgurebelowsummarizes the results. The study identified
various additional benefits thatere not quantified due to inadequate information.

Figure 14 EU Cycling Benefits Summary (Neun and Haubold 2016)

reportused various methods
to estimate economic, social
and environmental benefits 0
cycling in the European Unio
Thisinformation is used to
justify policies that support
cycling.

' The EU Cycling Economy

Total:
€513.19 bn

. Environment + Climate: € 15,43 . Economy: € 63,09
@ Energy and Resources: € 2,80 . Technology + Design: € 20,00
Health: € 191,27 . Time + Space: € 131,00

Active Transportation Benefits Study (Urban Design 4 Health 2017)

This study stimatesvariousbenefitsand costf bicycling and walking in Utahcludinggovernment
expenditures on bicycle facilifs user expenditures on vehicles and operation (e.g., food),
expenditures by tourists, and reduced healthcare and absenteeism togitsposes a program to
collect data to measure these impacts and promote these benefits.

Transport Canada Active Transportation Resource and Planning Guide

Active Transportation in Canada: A Resource and Planning @@d#11yrovides information

for professionals to accommodate, promote and support active transportation in planning and
developmentdecisions|t describes reasons to supperttive transportjncluding public health,
environmental, social/community, and local economic benefitalso describeways to

incorporate activearansportinto existing planning and policy documentgth handy speaking
points to communicate these benefits to elected officials, municipal departments, stakeholders
and the general public, plus information on tools, case studies and other information resources.
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Evaluating Innovative Modes

The report,Innovative Active Travel Solutions and Their Evalug@gmissanto, et al. 2018)
evaluatedvarious impacts (particularly healtmpactg of innovative active travel modes including
bicycling, skateboards, scooters and electrically assisted vehicles such as Electrically Assisted Pedal
Cycles (éikes), powered scooters, skateboards, hoverboards and Segway scftegesenaLight

Electric VehiclgsThe study also examined the infrastructure requiremesftthese modes, their

legal status, and public policies that could support their use.

Danish Cycling Evaluation

The City of Copenhagen has developed a standardbestfit analysis (CBA) methodology for
evaluating cycle policies and projeetsd applied that model in two case sted{COWI 2009)
Table 2 summarizes methods used to evaluate cycling project impacts on travel activity (the
amount of cycling and automobile travel)

Table 24 Assessing Effects of Cycle Initiatives (COWI 2009
Effect for Economic CBA Methods to Quantify Travel Effects Data Requirement

Change in vehicle kilomettgy mode, i.e.
for different motorized vehicles, public

VehicleOperating Costs transportation and bicycles. Traffic counts and/or modelling

Time Costs Change irtraveltime by mode. Traffic counts and/omodelling.
Change in the number afccidents with | Accident registrations, traffic

AccidentCosts and withoutbicycles involved. counts and/or modelling.
Change in vehicle kilometrésr each

Pollution andExternalities mode oftransportation. Traffic counts and/or modelling
Change in cycle kilometrésy R O & { Interviews and traffic counts

Recreationalalue statements. and/or modelling.

Health Benefits Change in cycle kilometres. Traffic counts and/omodelling.

Accidentreports, interviews
and traffic countsand

Safety Change in accidemates modelling

Discomfort Change in cycle kilometres. Traffic counts and/or modelling
BrandingValue Not a traffic effect. -

Value forUrban Open Saces | Not atraffic effect. -

SystemBenefits Change in cycle kilometres. Traffic counts and/or modelling

This table summarizespecific ways tassesshe travel impacts of cycling projects.

Table & summarizes unit cost values used in the economic analysis. Theostsfor cars are

from the Ministry of Transportatio® official unitcostcatalogue (Transportgkonomiske
Enhedspriser). The external values for @esreported for gasoline catmder urban offpeak
conditions In total, cycling is estimated to have net costs (costs minus health benefits) of 0.60
Danish Kroner per kilometeealth benefits include reduced medical and disability costs valued
at 1.11 Danish Kronor (DKK) to users and PBK to society, plus 2.59 DKK worth of increased
longevity.Car travel is estimated to have net costs (costs mauiges, which are large because
Denmark has very high fuel tajex 3.74Danish Kroner per kilometer. Thigluewould be even
higher under urbarpeak conditions due to higher congestion costs.
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Table 25 Average Costs Per Kilometre for Cycling (2008 Danish Kroner

Cycling (16 km/h) For Reference: Car (50 km/h) in city

Internal | External | Total | Internal External Duties Total
Time Costs (non-work) 5.00 0| 5.00 1.60 0 0 1.60
VehicleOperating Costs 0.33 0 0 2.20 0 -1.18 2.20
ProlongedLife -2.66 0.06 | -2.59 0 0 0 0
Health -1.11 -1.80 | -2.91 0 0 0 0
Accidents 0.25 0.54( 0.78 0 0.22 0.22
Perceivedafety +(?) +(?) ? ? ? ?
Discomfort ? 0 ? ? ? 0 ?
Branding/ Tourism 0 -0.02 | -0.02 ? ? 0 ?
Air Pollution 0 0 0 0 0.03 0 0.03
ClimateChanges 0 0 0 0 0.04 0 0.04
Noise 0 0 0 0 0.36 0 0.36
RoadDeterioration 0 0 0 0 0.01 0 0.01
TrafficCongestion 0 0 0 0 0.46 0 0.46
Total 1.81 -1.22| 0.60 3.80 1.13 -1.18 3.74

This table summarizasit cost values used for economic evaluation of cycling projects.

European Cycling Benefits Study (ECF 2018)

The European Cycling Federation (ECF) estimates that cycling providestematfigé that 150

Mpp OAffA2Y SdNRBAX gAGK af2y3ISNI YR KSIFfdKASNI £
valuable benefits. Smaller benefits include motor vehicle infrastructure saving, reduced traffic

congestion, bicycle market, fuel savings, pkduced noise and air pollution.

British Cycling Evaluation (Rajé and Saffrey 2016)

A comprehensive literatureeviewconcerning cycling economic evaluation suggests that cycling
can provide diverse benefits and help achieve many strategic,dn#lsonventionabppraisal
methods do not incorporate the full extent diesebenefits and overlooks many costs of
motorized transport, resulting in underinvestment in this mode.

Australian Active Transport Assessment Guidelines

¢KS 1 dzZa0NItAFY 5SLINIGYSYG 2F Ly FNF aidNHzOG dzNB
and Planning Steering Committee provides specific guidelines for transportation project
evaluation, including active transport, as describedhinstralian Transport Assessment Planning
Guidelines; M4 Active Trave]ATAP 2016). It includes monetized values for:

Improved health outcomes.

Reduced traffic congestion.

Changes in safety risk.

Changes in travel time.

Changes in public transport fares and private vehicle parking and operating costs.

Iy R

E
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Queensland Active Transport Benefits (SKM and PWC 2011)

A2011QueenslangAustralia @vernmentsponsored studgstimates thaian averageound-trip

urbanbicycle commute provides $14.30 in economic benefitd apedestrian commuter

provides $8.48 worth of benefitsncluding

9 Decongestion (20.7 cents per kilometre walked or cycled)

91 Direct kealth benefits(upto 168.0 cents per kilometre).
9 User ehicle operating costavings (35.0 cents per kilometre).
1 Road and parkingpfrastructure savings (6.8 cents per kilometre)
1 Environment (5.9 cents per kilometre).
Table 26 Benefits Summary (SKM and PWC 2011

Central Value | Lower Bound

Upper Bound

Health- Walking $1.68 $1.23 $2.50
Health- Cycling $1.12 $0.82 $1.67
Decongestion $0.207| $0.060 (OffPeak) $0.340 (Peak
Vehicle operating costs $0.350
Injury costs; Walking 20.24
Injury costs; Cycling 20.37
Noise reduction $0.0091 $0.065 $0.0117
Air quality $0.0281 $0.0275 $0.0288
Greenhouse gas emissions $0.0221 $0.0196 $0.0248
Infrastructure (roadway) provision $0.052
Parking cost savings $0.016

Note: Negative values imply a disutilityiocreased cost$2010 Australian Dollars)

The Queenslandctive Transport Infrastructure Benefits Studlesps://bit.ly/35Fr15r) providesa
practitionerfriendly costbenefit analysis todior evaluating transport projects after completion

Active Transport Evaluation (MacMillen, Givoni and Banister 2010)

Ina study titled The Rolef Walkingand Cyclingn Advancing Healthgnd Sustainable Urban

Areas MacMillen,Givoni andBanister(2010) estimate the costs and benefits of pedestrianizing a
commercial street in Oxford, Englarihey estimate that thiproject would reduceareavehicle

trips 27%,as shoppers and commuters who currently drive shift modes. Estimatedinoktded

0KS LINRP2SOGQa OF LI U letpenbeyiriRredsed @affil ofsSheand loss & PSS NI G A y 3
carparking spacedstimated lenefits includel improved public fitness, reducedhffic

congestion, increased journey ambiern(oeore enjoyale travel experienceandgreenhouse gas

reductions. They conclude that current project evaluation practices overlook or undervalue many

active transport benefits, resulting in an underinvestment in walking and cycling improvements.

New Zealand Active Transport Monetization Program

The New Zealand Transport Agemonomic Evaluation Manuatovidesspecific procedures for
evaluating walking and pedestrian improvements. It applibsrefit factor of $2.70/km to newer
saferpedestrian tripsand$1.45/km for newor safercycling trips (NZTA 2010, Vol. 28d.1).
Before-and-after research measures how specific types ofnostorized improvements tend to
increaseactivetravel activity (Turner, et al. 2011).
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Bicycle Facility Impacts on Cycling Activity and Risk (NACTO 2017)

A study by théNational Association of City Transportation Offigiglguitable Bike Share Means
Building Better Places for People to Redaluated the relationships between bicycle facility
development, cycling activity and bicycle crash rates. It found that:

T

When cities expand protected bike networks, more people bictiedies of North American
cities indicate that such facilities increase bike ridership on those streets by 21% to 171%.

Cycling becomes safer as cities build better bike lane netwbrkive of the seven U.S. cities

NACTO surveyed, the absolute number of bicyclists killed or severely injured declined from 2007 to
2014 despite increased cycling. Even in cities where bicgdualties increasdtie increases @ere
smaller than the increase in bicycling activity.

Gains in bike safety are especially important for-loaome riders and riders of colot9% of the

people who bike to work earn less than $25,000 per year, and Black and Hispanic bicyclists have a
fatality rate 30% and 23% higher than white bicyclistspegtively. Building extensive protected

bike lane networks benefits those who are most at risk.

Approximately60% of people surveyddNBE G AY i SNBAGSR o6dzi O2y OSNY SR
bike with highercomfort facilities. Of those, 80% would be willing to ride on streets with a

separated or protected bike lane. In particular, recent national research suggests that that people

of cola are more likely than white Americans to say that adding protected bike lanes would make

them ride more.

Bike share systems should be matched with protected bike lane networks to encourage ridership
and increase safetyreople on bike share bikes make up a disproportionate number of the riders
on protected lanes, and stations adjacent to bike lanes are btiserones that are not. For bike
shaiingto be successful, people need to feel comfortable riding.

The risk of a bicyclist being struck by a motorist declines as the number of people biking increases.
Appropriately scaled bike share systems can dramatically increase the total number of people on
bikes in a city and help build political momentum for Hiees.

Mandatory adult helmet lawseduce bike ridership and do noicrease safetyMandatory adult
helmet laws have reduced bike ridership in Sydney, and hampered bike share ridership efforts in
Melbourne and Seattle. In addition to evidence that mandatory adult helmet laws do not increase
overall bike safety, reportsdm across the U.S. suggest that these laws are disproportionately
enforced against people of color, further discouraging them from riding.

Nonmotorized Transportation Pilot Program Evaluation (FHWA 2012 and 2014)

The U.S. Federal Highway Administratiwoduced a comprehensive evaltion of itsfour-year
Nonmotorized Transportation Pilot Prograirhe program invested about $100 per capita in
pedestrian and cycling improvements in four typical communities (Columbia, Missouri; Marin
County, Calif Minneapolis area, Minnesota; and Sheboygan County, Wisconsin), wbiehsed
walking trips 3% andbicycling trips 48%and reduced driving about 3%/alking and bicycling
became saferThe evaluation alsmentified heath and environmental benefitancluding fuel
savings and emission reductions

Active Transport Performance Indicators (Semler, et al. 2016)
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TheGuidebook for Developing Pedestrian and Bicycle Performance Measumésnded to help
communities develop performance measures that can fully integrate pedestrian and bicycle

planning in ongoing performance management activities. It highlights a broad range of ways that
walking and bicycling investments, activity, anghaots can be measured and documents how

0KSaS YSIada2NBa NBfIFGS G2 3F2+rfa ARSYUGAFTFASR Ay |
impactscan be tracked and what data are requirasd identifiesexamples of communities that

are currently using the&e indicators This report highlights resources for developing measures to

facilitate high quality performanebased planning.

Cycling Improvement Economic Evaluation

Foltynovéand Kohlova (2007), anagd impacts of improved cycling infrastructure oycling
activityusnga stated preferencesurvey to determinavillingness to bicycle iresponse to
variouscyclingimprovementsin the city of PilsenCzech Republi€onsidering justlirect health
and air pollution reductioenefits the cycling facility improvements are not considered cost
effective.

Bicycle Improvement Benefit/Cost Analysis (Gotschi 2011)

This studyassessed how Portland Oregoi2 & 0 Aird@sthénks Yainpare with its estimated
benefits Bicyclingactivity isestimated using past trends, future mode share goals, and a traffic
demand modelThis analysis indicates that B40, $138 to $605 millioim total investments will
provide$388 to $594 milliomn estimated healthcare benefit$7 to $12 billiorin reduced deaths,
and$143 to $218 milliomn fuel savingsThe beneficost ratiosare positive, and very large when
reduced deaths are @luded

Grabow, et al. (2018stimatedthe value of improvedhealth fromreduced local aipollution
emissions and improved public fitnei§$0% of kort trips were made by bicycle during summer
months in typical Midwestern U.S. communiti@sross the study region of approximately 31.3
million people mortality is projected todecline by approximately 1,1Ghnualdeaths providing
benefits estimated to exceedl7 billion/year.

Evaluating Rail Station Walking and Cycling Investments (METRO 2016)

The report,Metrorail Station Investment Strategystimates that $13 million invested by the
Washington DC in pedestrian and cycling facilities around Metro rail stations provides $24 million
in benefits including travel time savings and reduced crashes, based on methodologies described
in the TIGER Beneftost Analysis Resource GUidSDOT 2015).

Valuing Bicycling in Wisconsin (Grabow, Hahn and Whited 2010)

Thestudy,Valuing. A 0@ Ot AyaQa 902y 2YAO I gsnatedthatecdriomic Y LI OG a
activity from bicycle manufacturing and sales ($593 million), tourism and recreational value ($924
million), health benefits of increased physical activity ($320 million) and pollution emission

reductions ($90 millionfotal about $360 per residerdn averageThe study also investigated

factors that affect cycling demand.

Socio-Economics of Cycling (Handshake)

The Handshake program provides tools for and case studies of bicycling impact modelling and
assessment, including estimates of cycling investment benefits in AmsteBtanteauxand Turin.
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