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Abstract

This report describes methods for evaluating the benefits and costs of active transport
(walking, cycling, 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 cycling activity, reduced motor vehicle
travel, and more compact and multi-modal community development. It discusses active
transport demands and ways to increase walking and cycling 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, cycling, 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 various indirect benefits, so even people who do not use a particular
sidewalk, crosswalk, path or bikerack 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
active benefits and so tends to undervalue walking and cycling improvements.

Table ES-1  Active Transportation (AT) Benefits and Costs
Improved AT More Active Transport Reduced Automobile More Compact

Conditions Activity Travel Communities
f1Reduced traffic { Improved accessibility
Timproved user congestion particularly for ron-
convenience and { User enjoyment 1 Road and parking facility ~ drivers
comfort cost savings -
ql d ibilit 1 Improved public fithess i Transport cost savings
@ mproved accessibility nsumer savin
= for non-drivers, which and health T Consumer savings TTReduced sprawl costs
() ’ . .
= suppors equity T More local economic 1 tIjetzljuced chauffeuring | ¢ Openspace
@M | objectives activity uraens preservation
{ Option value f Increased community | fIncreased traffic safety T More livable
- cohesion (positive 1 Energy conservation communities
9 Higher property values interactions among : _ _
{l More neighborhood neighbors) which tends 9 Pollution reductions 1 Higher property values
security to increasdocal security|  Economic development| § Increased security
% 1 Equipment costs (shoeg
e . :
8 9 Facility costs bikes, etc.) 1 Increases in some
9 Lower traffic speeds 1 Increased crash risk 9 Slower tavel development costs

Activetransportcan havevarious 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 callechon-motorizedtransport, NMTandhuman powered transpoyt
refers to walking, cyclin@nd variantssuch as wheelchgiscooterand handcaruse It includes
both utilitarian and recreationatravel activity plus stationary use®f pedestrian environments
such as standing on sidewaklindsitting at bus stop. In this report,pedestrian walker, cyclist
andnondriverrefer to activemode usersywhereasmotoristanddriverrefer to automobile users,
although mos people fall into multiple categories.

These modeglay important and unique roles in an efficieantd equitableransport system:

1 Typically 1e20% oflocaltrips are entirely byactivemodes, and most trips invohasctivelinks
for exampleto access pblic transit androm parked cars taestinations.

1 Improvingactivetransportcan achieve transport planning objectives including reduced traffic
and parking congestion, energy consumption and pollution emissamdto help createmore
O2YLJI Ol NEBYIKNI RZIQSt 2LIYSy G o

1 Walking and cycling provide affordable, basic transport. Physically, economically and socially

disadvantaged people often rely on walking and cycling, so impragitigetransport can help
achieve social equity and economic opportynibjectives.

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

1 Pedestrian environments (sidewalks, paths and hallways) are a major portioa ptiblic
realm. Many beneficial activities (socializing, waiting, shopping and eating) occur in pedestrian
environments Residential and commercidistricts and resort communities depend good
walkable environments to attract customers.

1 Walking and ycling are popular recreational activities. Improving walking and cycling
conditions provides enjoyment and health benefits to users and suppeldted industries
including retail, recreation and tourism.

Many planning decisions affect walking and imgctonditions, and therefore the amount a€tive
travel that occurs in a communityo the degree thah planning process undervaluastive
transport, it will underinvest in these modewhich reduces overall transport systerdiversity and
efficiency.

Conventional transportation economic evaluation tends to overlook and undervalue atdinrg
transportation benefitsThis report describesiethods for more comprehensive evaluation of
these impactsBecausectivetravel is diverse, some analysis in tféport only applies to certain
conditions, modes or trips. For example, soamalysisapplies primarily to walking, others
primarily to cyclingsome to certain users (such psople with disabilities and some tacertain
conditions (such asctiveaccesdo 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
systemsand land ue patternsfavorautomobile accesand provide relatively pocaccess by
other modes The alternative igenerallynot a car-free communitywhere driving is forbidden
rather, it is a community with diverse(or multi-modal transport system, which provésvarious
accessibility options, includirgpod walking, cycling, public transit, automobiigesharingtaxi
and ridehailingtelework and delivery services.

Activemodes play important roles in a diverse transport systévinere walking and cycling
conditions are good, typically 320% of local trips are by these mod®galking and cycling
provide access to public transit; often the best way to improve and encourage public transit
is to improve local walking and cycling condition&lking proviles connections between parked
vehicles and destinations, so pedestrian improvements can help reduce parking problems.
Physically, economically and socially disadvantaged people tend to rely significaattven
modes, so they provide equity value. lalking and cycling conditions are inadequate, {ubivers
must rely either on taxi travel or chauffeuring (special trips made to transport a passenger),
is costly and inefficient, particularly because such trips often involve empty backhauls, so ea
passengemile generates two vehictmiles of travel.

Because transport demands are diverse (different people, areas and trips have differing tray
needs and abilities), increasing transport system diversity tends increase efficiency and equ
allowing each mode to be used for what it does best. For example, it is inefficient if physical
people who enjoy walking and cycling are forced to drive for short trips due togumiimetravel
conditions. Similarly, it is inefficient if people who ma like to use public transit cannot due to
poor walking and cycling access to bus stops or train stations.

A transportation system is an integrated network; its efficiency depends on the quality of mg
and the links between them. For example, apgf@a 6 Af A& (2 O2YYdz
depend not only on the qualitgf transit servicesbut alsoon the perceived safety of bus stops
and train stations, the quality of walking and cycling condititims,ease of obtaining information
about these trael options,the ease of paying a farand the social acceptability gbmmuting by
transit. Because of these relationships it can be difficult to value a single system change; for
example, in one location, improving walking and cycling access to a umatpsignificantly
increase ridership, but in anothéwcationhavemuch smalleimpact.
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Active Transport Demand and Modeling

Transport demandefers to the amount and type of travel peopleuld choosein specific
conditions Qurveys indicate growingonsumerdemand forwalkability. Foexample, theNational

' 3a20A1 GA 2y Kdional SdmiminByNRER@rengenSurieynd that80% of
respondentsenjoywalking the most of altravel modesa majority of households prefer living in
a walkable urban neighborhood ovautomobiledependent sprawlandwalkable community
residents are also more satisfied with their quality of (AR 2018)Various @mographis,
geographiandeconomicfactorsaffectactivetraveldemands (Table 1)

Table 1 Active Transport Demand Factors (Dill and Gliebe 2008; Pratt, et al. 2012)
Factors Impacts on Active Travel

Young people tend to have higates of walking and cycling. Some older peddge
Age high rates of walking for transportation and exercise.

Some people withmpairmentsrely on walking and cycling, and may require facilities
PhysicalAbility with suitable design features, such as ranfimswalkers 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 aegs.
Vehicles and t S2LX S K2 R2 y2G KIFI@S I OFNJ 2NJ RNR@GS]
DriversLicenses | transportation.
TravelCosts Active travelendsto increase with drivingosts(parking fees, fuel taxes, road tolls, etc.
Facilities Walking and cyclingpcrease where there are good facilities (sidewalks, crosswetiks,
Roadway Walking and cycling tend to increase in areas with narrower roads and lower vehicle
Gonditions traffic speeds.
Trip Length Walking and cycling are most common for shorter (less thaml@) trips.

Walking and cycling tend to increase in areas with compact and mixed development
LandUse where more common destinations are within walking distances.
Promotion Walking and cycling activity may be increased vitbmotional campaigns

PublicSupport

Cycling rates tend to increasénere communities consideit socially acceptable.

Many factors can affecctivetravel demand.

Various methods are used to measure walking biggicling activityincluding travel surveys and
pedestrian and cycling traffic counteiGharlier Associates, Krizakd Forsyth2012;Kuzmyaket
al. 2014;FHWA2012b; Minge, et al. 2015;Nordback, Sellinger and Phillips 20R&nne and
Bennett 2014Ryan and Lindsey 2018)onventionaktatisticstend to underreportactive
transportbecausemosttravel surveys undercouritips that areshorter (within atraffic analysis
zong, off-peakandnon-work trips, travel by children, and recreational traveBW 2010Stopher
andGreave2007, Sullivanand @ h Q C I . Many sumeyvignoractivelinks of motor
vehicle trips for example, aike-transit-walk trip is oftenclassified simly as a transit trip, and a
motorist whowalksseveral blocks froma parked car taheir destinationis classified asnauto
user. More comprehensive surveys indicate tlaativetravel is three to six times more common
than conventional surveys indicaeorsyth, Krizeland Agrawal 201,0Pike 201}, soif statistics
onlyindicate that5% of trips arective, the actual amount is probably 13D%(Litman 2010)
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Figure 1 Mode Share by Mileage Category (Litman 2010)
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This figue illustrates the share of total trips by mode and trip distance category.

According to the 2009 U.Sational Household Travel Sury&Q.% of personal trips are by
walking and 1.0% by cycling (Kuzmyak and Dill 26i@))re 1 shows the mode sharesvafious
length trips. For the 27% of trips less than a mile, 31%eatige About half of walking and cycling
trips are purely recreational, and only about 5% are for commuting, so foraisiecommute

trip there are about nine other utilitariaactivetrips, and about ten recreational trips (Gallup
2008).Althoughactivemodesservea small portion of total travellistance they represent a much
larger portion of share dfavel timeandtrips. For example, walking represermsly about ore
percentof total mileage butmore than ten percenof trips and travel time, as shown in Figixe

Figure 2 Mode Share by Distance, Time and Trips (Litman 2010)
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15% - OBike Activemodes serve a small portion «
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10% - trips and travel time.
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Transport modelingefers to methods used to predict how travel activity is affected by specific
transport system changeg€ljfton, et al. 2015Krizek et al. 200§ Kuzmyaket al. 2014Pratt, et

al. 2012. Conventional tra®l models can be improved to better incorporagetivetravel ¢t a 2 R S €
LYLINR@SYSyiiazé =+c¢t modelsicareiuged topyedict Bowlddbas transporS R
system and land use changes would affect walking and cycling a@iidBonald, et al. 200

Molino, et al. 2012)TheTDM Effectiveness Evaluation MoBEEM) evaluates the travel impacts
and economic benefits of specific pedestrian and bicycle improvemeatslpn, Robertand
Kavage2007)
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Figure 3 Mode Share by Country (Bassett, et al. 2011)
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Activetravel varies significantlgetween wealthy countries

Activetransport activity varies widely between different countries and cities, as illustrated in
figures 3 and 4. These differences reflect policy and ftenfactors more than geography or
climate. For example, Scandinavian countries, Switzerland, and the Netherlands have cold, wet
climates and San Francisco, Boston, and Seattle are cold, wet and hilly, but atietetiresly high
activemode share due tgaupportive transport and land use policias well agositive

community attitudes (ABW 2010). Public transit andivetravel tend to complement each other,
so communities with high transit use also tend to have high rates of walking and cycling.

Figure 4 U.S. Urban Region Commute Mode Share (U.S. Census 2007)
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This figure showthe tenU.S. cities witlhighest and lowestlternativemodecommuteshare.
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Largevariations alsooccur between neighborhoodgrank, et al. 201Q;itman 2008)Multi-modal
neighborhoodsften have ten times as much walking and cycling activity as automohiated
neighborhoodsas illustrated irFigure5. Although this partly reflestseltselection (nordrivers
tend to chooseto live in more miti-modal communitiey peoplewho move from automobile
oriented to multi-modalcommunities ofterincrease theiactivetravel (Cao, Handy and
Mokhtarian 2006.

Figure 5 Portland Neighborhood Mode Share (Lawton 2001)
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As an area becomes more urbanized the portion of trips made by transit and walking increases.

In most communities, 2@0% of the population cannpshould notor prefer not todrive due to
disabilifes low incomes ohealth and environmental concernis addition, many trips, such as
short errands, are most efficiently made by active madesere is evidence of significdatent
demand foractivetravel; many people want to walk and bicycle more than they currently do but
face obstacles (ABW 2010AB P15, Leinberger 201R Activetransportfacility improvements

often lead tomore walking and cycling activitfFHWA 2012and 2014 Litman 2009bL.iving

Streets 2011)Current demographic and economic trends (aging populatiomgisiel prices,
urbanizaton, growingtraffic congestion, and increased health and environmental concerns) are
increasngdemand foractivetransport and the potential benefits from accommodating this
demand (Litman 2006).

For some evaluationisis important to knowvehicletravel substitution ratesthe amount that

motor vehicle travetleclines In a detailedstudy of five U.S.communities with activetransport
improvements Krizek et al. (2007jound that30% to 40% oivalk and bikeeommute trips, and
about 95% ofctive modetrips to other destinationswvould have been made by drivinghe
researchers estimate that in these five communities the NMT improvements reduced
approximately 0.25 to 0.75 mile of daily driving per adw#% of total automobile travelThe
AustralianTravelSmariprogram, which uses various incentives to encourage residents to use
alternative modes typically reduces automobile trips 5% to 14%, about half resulting from shifts
to activetravel (TravelSmart 2005).
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Active Leverage Effest(Cairns et al2004 Guoand Gandavarap8010
Walking and cycling improvements often leverage additional vehicle tradelctions in these ways:

1 Shorter tripsA shorteractivetrip often substitutes for longer motorized trips, such as when people
choose a local storather than driving to more distant shops

1 Reduced chauffeuringfoor walking conditions often cause motorists to chauffeur-domers which
generates empty backhaulBor such tripsa mile of walking often reduces two vehictgles of travel.

1 Increasedpublic transitWalkingand cycling improvements can support public transit travel, since m
transit trips involve walking and cycling links.

1 Vehicle ownership reductionenproving alternative modes can allow some households to reduce th
vehicle owrrship. Since motor vehicles are costly to own but relatively cheap to use, once househ
purchase an automobile they tend to use it, including some relativelykiwe trips.

1 Land use patterndaNalking and cycling improvements help create mmspact multi-modal
communities by reducing road and parking facility land requiremesiish reduces travel distances

1 Social normaMore walking and cycling can help increase social acceptance of alternative modes.

Not everyactivemodeimprovement has all thee effects, but many small changes t&fp makea
community more multimodal, and therefore reduetotal vehicletravel. Conventional planning
analysis often ignores these indirect impacts and so underestimates the potensietiod
improvements to acldve oljectives such as reducimgngestion, accidents and pollution emission

Activetravel can leverage additional vehicle travel reductions, as described in the box &aove.

and Gandavarap(2010)found thatinstallingsidewalls on all streets im typical North American
community wouldncreaseper capitawalking and cycling by.097average daily miles and reduce
automobile traveby 1.142daily vehiclemiles about 12 miles of reduced driving for each mile of
increasedactivetravel. Similarly Wedderburn (2013) found that in New Zealand cities, on

average, each additional daily transit trip by driving age (18+ years) residents increases daily
walking (in addition to transit access walking trips) by 0.95 trips and 1.21 kilometers, and reduces
two daily car driver trips and 45km drivelmternational data also indicate that each mile of
increasedactivetravel is associated with seven miles of reduced motor vehicle t(&igare 6.

Figure 6 Active Vs. Motorized Transport (Kenworthy and Laube 2000)
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Evaluating Active Travel Conditions
Below are examples of performance indicattirat can be used to evaluate the dug of walking
andbicycling conditionsRlumenberget al 2016Semler, et al. 2016

1 Levelof-ServicdLOSalso callecservice Qualiyrates performance from (best) toF (worst).
Until recently, only motor vehicle LOS ratings were available, neicent years rating systes
have been developed factivemodes (TRB 2008Valkability Tools Research Website
www.levelofservice.com Theseinclude:

1. Cycling LO&onsidershicycle paths, number of unsigredd intersections and driveways,
traffic and bikelanewidths, parking lanesmotor vehicle traffic volumes and speeds,
portion of heavy vehicles, grades, and special conflicts such as freewaynufs.

2. Pedestrian LO&nsiderssidewalk path and crosswdd conditions pedestrian crowding,
vehicle traffic speeds and volumes, perceived separation between pedestrians and motor
vehicle traffic (including barriers such as parked cars and trees), street crossingavidths
density, average pedestriaroad crosshg delay, and special conflicts.

1 WalkScordéwww.walkscore.comcalculates a locatiddd LINP Eekvi€es Suéh as Rores,
schools and parksas an indication of the ease of walking to such destinatibpsovides no
information on walking conditiogquality.

1 NeighborhoodBikeability Scorévww.ibpi.usp.pdx.edu/neighborhoods.phmdicates by
ratings,0 (worst) to 100 (best) the number of destinatiofssores, schools, parks, etthat can
be reached within 0-minute bike ride,consideringoicyclingconditions(McNeil 2010)

1 BikeAblgqwww.railstotrails.org/ourwork/researchandinformation/bikeablé is a customizable
tool for evaluatingcommunity connectivity and bicycle netwarkprovements

1 TheWalkability Checklisind Bikeability Checklisteveloped by thd*edestrian and Bicycle
Information Centefwww.pedbikeinfo.oryincludesratings for road and offoad facilitiesuser
behavior, and ways to improwegalking andbicycling conditiongderrmann, et al. (2017dpund
that parking lots reduce and tree canopies tendrtorease walking activities.

1 Surveys that ask users to rate walking conditions, bart@evgalking,and the degree that
walking and cycling improvements would affect their travel activity (Leather, et al. 2011).

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

1 Acceptable Walking Distanc€he distance people willingly walk is an important factaame
transport and land use planning determines the optimal size of a conencial district or urban
village, the area served by public transit, and acceptable distdret@een parking facilities
and destinations. The table below indicates pedestrian LOS.

Table 2 Level of Service by Walking Trip Distance (in Feet) (Smith and Butcher 1997)
Walking Environment LOS A LOS B LOS C LOS D

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.

10
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Active Transport Improvement and Encouragement Strategies

There are many possible ways to improve and encousgetransport(Alta Planning 2005;
FHWA 2004 Active modemprovement 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 prograntsxperts generally recommend thattive mode
plans includd-our Esengineering, encouragement, education and enforcement. Below are
examples

1 Walking and cycling facility improvemenisiproved sidewalks, crosswalks, paths, bikelanes,
bicycle parking and changing facilities. Appiywersal desigrnwhich refers to design features
that accommodate all possible users, including wheelchair and handcart users, and people
who cannot read local languages.

1 Activetransport encouragement and safety prograrBgecial programs that encourage
people to walk andbicycle for transport, and teach safety skills.

1 Public bikegeasyto-rent bikes distributed around a community).

1 Roadway redesign, includingffic calming road dietsandtraffic speed controlsTraffic
calming changes roadway design to reduce traffieeds. 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 enforcement.

1 Improved road and path connectivitylore connected@adway and pathway systems allow
more direct travel between destinationg/alking and cycling shortcuts are particularly
effective at encouraging motorized #sxtivetravel shifts.

1 Public transportmprovements Public transport complements active transpd?ublic trang
improvements often involve pedestrian and cycling facility improvements (such as better
sidewalks and bicycle parkingnd itcan reduce vehicle traffic and sprawl.

T Commute trip reduction program%his includes various programs that eaage use of
alternative modes, particularly for commuting to work and schdbkse often include
features that encouragactivetravel such as improving bicycle parking or financial rewards
such agarking cash out

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

1 Smart growth(also called new urban, transitiented development, and locatieafficient
developmentjand use policiedMore compact, mixed, connected ldmuse,andreduced
parking supply tends to improve walking and cycling conditions and encourage use of active
modes by reducing the distances people must travel to reach common destinatiohsas
shops, schools, parks, public transit, and frie(iElsingand Hamidi 2014

Table3 summarizes the travel impacts of these strategies. Some strategies only affect a portion of
total travel (for example, Commute Trip Reduction programs only affect commute travel at
participating worksites). A combination of te strategies can have significant impacts, improving
activetravel conditions, increasinactivetravel, and shifting 1480% of motorized travel tactive
modes.
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Table 3 Travel Impacts of Strategies to Encourage Active Travel

Improves Active

Increases

Reduces

Strategy

Conditions

NMT Travel

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 Signifcant
Land use policy reform Significant Significant Significant

@{YLFtté I ofaSHRS NIEKIEH MATM FAOL yié ' INBFGSNI GKIYy p2o
This table summarizes the potential impacts of various mobility management strategies. Although
many strategiehave modest individual impacts, their effects are cumulative and often synergistic
(total impacts are greater than the sum of individual impacts). An integrated program that

combines several appropriate strategies can significantly impmotiee modecondtions, increase
activetravel and reduce automobile travel.

Converselyplanning decisions such esadway expansion, increased traffic volumes and speeds,
automobile travel underpricing, and sprawled developmtamntd to degrade walking and cycling
condtions and discourage their use

Network and Synergistic Effects

Transportsystenstend to have network effectdheir impacts and benefits increase they
expand For example, a single sidewalk or bicycle Igeeerallyprovides little benefit sincé will
connect few destinations, but a network of sidewalks &itycle lanes that conneatost
destinations in an area can be very beneficgmilarly, a single sidewalk or bicycle path that
connects two networks (i.e., it fills a missing link) can pmviery large benefits.

Transportation improvement strategiedsohave synergistic effects, that is, their total impacts
are greater than the sum of their individual impacts. For exang#eelopingbike lanes alone
may only increase bicycle commute magleare by 5points, and a commute trip reduction
program alone may only increase bicycle mode share-pgibts, but implemented together they
may increase bicycle mode share byfdntsbecause of their synergist effects

Conventional transport planningften evaluates projects and programs individually, and so tel
to overlook these network and synergistic effects. This tends to undereaiiMetransport
improvements, particularly early in the development period. The first few sidewalks, bike lan
encouragement programs in a community will seldom offer a high economic return if evalua
individually, although once completed the network may provide very large benefits. It is ther,
important to use comprehensive and systematic evaluatioadti’e modebenefits.
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Active Planning Resources

AASHTO (2004¢guide for the Planning, Design, and Operation of Pedestrian FacAitiesican
Association of State Highway and Transportation Officialgn.aashto.org.

ABW (2010 and 2012Bjcycling and Walking in the U.S.: Benchmarking Repaltiance for Biking &
Walking www.peoplepoweredmovement.ojg atwww.peoplepoweredmovement.org/benchmarking

Bicycle Information Centéwww.bicyclinginfo.ory provides nonmotorizeglanning information

Bicyclepedigwww.bicyclinginfo.org/bikeco$tbicycle facility benefit/cost analysis tbo

Complete Street@vww.completestreets.ory provides information on mukinodal road planning

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

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

ITE (2010)Designing Walkable Urbarhoroughfares: A Context Sensitive Approdustitute of

Transportation Engineersvivw.ite.org/cs3; at
www.ite.org/emodues/scriptcontent/Orders/ProductDetail.cfm?pc=RB6AE

National Association of City Transportation Offic{at#p://nacto.org).

NelsonNygaard (2009)Abu Dhabi Urban Street Design Manuatban Planning Council
(www.upc.gov.ag atwww.upc.gov.ae/quidelines/urbanstreetdesignmanual.aspx?lang=edS

NACTO (2@), Urban Street Design Guiddational Association of City Transportation Officials
(http://nacto.orq); athttp://nacto.org/publication/urbanstreet-designguide

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

PROWAC (2007Agccessible Public RighitEWay: Planning and Designing for AlteratipAscess Board
(www.accessoard.goy; atwww.accessoard.gov/prowac/alterations/quide.htm

USDOT (2015JIGER Beneftost Analysis Resource Guid&®OT(www.transportation.qoy; at
www.transportation.gov/policyinitiatives/tiger/tiger-benefit-costanalysisocaresourcequide

Walk Friendly Communiti€ég/ww.walkfriendly.ord is aUSDOPprogram thatencourage communities
to createsafer walking environments.

Charles V. Zegeer, Laura Sandt and Margaret Scully (2a89)o Develop a Pedestrian Safety Accid
Plan National Highway Traffic Safety Administration, U.S. Federal Highway Administéation;
http://safety.fhwa.dot.gov/ped bike/docs/fhwasa0512.pdf
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Benefit and Cost Categories

Activetransportation can providearious typef benefits and costislepending on their impets,
as summarized imable 4. Some of these overlap. For example, many economic development
benefits result from theransport and infrastructure€ost savings. It is therefore important to
avoid doublecounting total benefits.

Table 4 Active Transportation Benefits and Costs

Improved NMT Increased NMT Reduced Automobile More Compact
Conditions Transport Activity Travel Communities

f1Reduced traffic { Improved accessibility
congestion particularly for non
fimproved user g 1 Road and parkinfacility |  drivers
convenience an i )
comfort 9 User enjoyment cost savings 9 Transport cost savingd
2 : 9 Consumer savings
& | TImproved accessibility fimproved public _ TTReduced sprawl costs
< | for non-drivers, which fitness and health Il Ee%uced chauffeuring | ¢ opespace
ol supports equity flIncreased community urdens preservation
objectives cohesion (positive ' Increased traffic safety 1 More livable
{ Option value int_erﬁgtior;s ahm(;]ng 1 Energy conservation communities
) neighbors) whic i . .
9 Higher property values tends to increase local 9 Pollution reductions T Higher property values
1 Increased security security 9 Economic development| { Increagd security
‘3 9 Equipment costs
8 9 Facility costs (shoes, bikes, etc.) 1 Increases in some
9 Lower traffic speeds 9 Increased crash risk | § Slower travel development costs

Activetransportcan havevarious benefits and costs.

Table5 summarizedactors thataffectthe magnitude of these impacts

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

cycling conditios pedestrians and cyclists depend on these modes for basic mobility.
Increased walking and | Amount walking and cycling increases. Number and type of users. Whether
cycling 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 use impacts Degree that a policy or project suppoitnd use planning objectives.

Costs t N22SOi O2atad +SKAOES GNXYFFAO RSEI

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

Some NMT impacts involveon-market goodsthat is, goods not generally traded in a competitiv
market. For example, improved pedestrian environments, cleaner air, and reduced traffic risk|
not generally purchased dirbdg by consumers. Various methods can be usechtmetize(measure
in monetary units) such impactegn Essen, etal. 2007 Gv dzt YGAFAOI GA2Yy ¢

1

In some situationsa combination of methods should be used. For example, the total value of
health benefits may include a reduction in government, business and consumer healthcare cq
NERdzOSR ¢2NJ] SNJ RAalFoAfAGe O2aida -to-paRior ledULdNP
illness and longevity; minus any increase in medical costs assouwidghedialking and cycling.

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

Social cost savingActiveimprovements that reduce costs to government or businesses (suc
reduced road or parking facility costs) candemsidered worth that amount to a community.

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 so@ty considers those emissions to impose costs at least that high. If both da
costs and control costs can be calculated, the lower of the two are generally used for analy
the assumption that a rational economic actor would choose preventiofisiclieaper, but will
would accept damages if prevention costs are high.

Contingent valuation surveysk 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 abbs
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 suggests that walking
OeO0fAy3a AYLINROSYSyida GKI G &kriby kecFeatiOnalyvalking ani
cycling provide benefits of comparable value.

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

Hedonic pricing studiesbserve how walking and cycling improvemenfget nearby property
values. For example, Cortright (2009) found that in typical U.S. metropolitan regions a one
increase in Walkscorev(vw.walkscore.comis associated with a $700 to $3,000 increase in
homevalues, indicating the value consumers place on walkability.

Compensation Ratetegal judgments and other damage compensation can be used as a
reference for assessing nonmarket values. For example, if crash victims are compensated
certain rate, thiscan be considered to indicate damage costs. However, some damages are
compensated, and it would be poor public policy to fully compensate all such damages, sin
could encourage some people (those who put a relatively low value on their in)jtwitake
excessive risks or even cause crashes in order to receive compensation. As a result, comp
costs tend to be lower than total damage costs.
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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 usergpeopk who walk obicycke morein response to improvementsjust as a faster or

safer roadway benefits motorists, safer and more convenient walking and cycling conditions
benefits users of those modedser 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 aatobile travel)and provides acceds and connections
among othemodes. As a result, improng walking and cycling conditiorran improveoverall
transport system diversity and efficiency

1 Activetransport provides basic mobility, alone and in conjunction with public transjog
typical community, 2810% ofresidents cannotlrive due to age, disability or poverty, and so
deperd on non-automobile modes, or are forced to rely amotoristsfor rides As a result, the
jdz- t AGe 2F ba¢ FFSOGa Y220AtAGe RAAFRGFHYGF3ISR |
activities, and theiindependence.

9 Pedestrian environments serve manyétions and are a critical part of the public realm
(public spaces where people naturally intera@ sidewalks and path&pple stand, wait,
socialize, play, eat, work and windeskiop and these facilities are an important part of the
landscapelmproving pedestrian environments can improve the utility and enjoymerihege
activities, and create more attractive communities.

1 Althoughactivetravel represents only-45% total trips, it represents a larger portion of travel
time (typically 1530%), whichis how users experience transport, so NMT travel conditions
AAAYAFAOLIYGEe T FFSOG LIS2L) SQa (NI @St SELISNRSyO

1 Activemodes provide enjoyment and exercise. Even utilitarian trips often provide such
benefits. Surveys indicate that walking and cycling are anbe 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 usedneeasure thevalueto users of walking and
cycling improvenents

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

1 Contingentvaluation (user surveyps Area resident®r potential userscanbe surveyedo
determine their willingness$o-pay for specifi¢acilities orimprovement. This method isften
used to estimate park and traiblues(Carleyolsenet al.2005)

1 Hedonicpricing (effects of walking and cycling improvements on nearby propesaiues)
Various studies indicate thatalkabilityimprovementstend toincrease local property values
(Bartholomew and Ewing 2Q@1Cortright 2009Krizek et al. 2006;GC 20011
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Standen (2018) used economic modeling to evaluate the direct userite(@élfare gains) from
bicycle facility improvements that increase cycling 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 ovall, reflecting lower travel time unit costs.

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

higherin more walkabld_ondon neighborhoodssong and Knaap (2003) fouthdat, al else being
equal, house valueare 15.5% higher in walkable neighborhood&ppli and Tu (2000) found 11%
higherproperty values in New Urbanist neighborhoods compared with otherwise similar homes in
conventional, automobil@lependent communities.

Cortright(2009) foundhat aone-point WalkScoreincreases associated with a $700 and $3,000
increase in homeesalevalue,so a 10pointincreaseraises annualized housing costs
approximately$350-$1,500.Pivoand Fisher(2010) found thabffice, retail and apartment values
increased 1%t 9% for eacl0-point WalkScore increaseAssuming a point WalkScore
increasecausesaveragedailywalkingto increaseone-mile perhousehold(0.4 miles per capita)

this indicates that consumers willitygpay $1 to $4n higher housing costger addtional mile

walked Similar impacts are found in Canadian citlagCalgary, Alberta found thaebween 2000

and 2012the neighborhoods with the greateibome priceincreasesvere inorneari KS OA (& Q&
corewith higherWalk Score (Toneguzz2013).A realestate market study in Edmonton cdaded

i K [Athighiwalkability score is a big draw for potential buyers. Current market turbulence means
people are looking to save money any way they €&@ampbell, Reuter and Epp 2010). Of course,
the positive corréation between WalkScore and property values may partly reflect other factors
such as land use density, transit accessibility, and employment access.

Residential property valuealsotend to increase with proximity to public trailRacca and Dhanju
2006) Karadeniz (2008) found that each foot closerto@héo [ A G G f S aihcledsds { OSYy A O
singlefamily property sale price$7.05, indicating that values increa4 if located 1,000 feet
closer to the trai(this paperprovides a good overview of tHigerature on this subje¢t Some
studies indicate that proximity to trails and bike paths redutesvalue ofabutting properties
due toconcerns over reduced privacy aimtreased crimeKrizek 2006). HowevelRacca and
Dhanju(2006)corclude, dThe magrity of studies indicate that the presence of a bike path/trail
either increases property values and ease of sale slightly or has no €Raths and trail benefits
are likely to be largest in communities where walking and cycling are widely accepted an
supported, and if residentsanselfselect, so people who value walking and cyctiaglocate
near such facilities, whilpeople who dislike such facilities can move away.

In general, the greater the improvement, the greater the benefit per userth@dnore 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 walking and cycling conditibes

walking and cycling conditions improve from verypto very goodbased orevidence from
hedonic pricing studies and avoided casalysigsuch as savings to parents who avoid the need
to chauffeur children to school)n most cases, NMT improvemager benefitawill be somewhat
smaller, perhaps $0.28er passengemile.
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Option Value

Option valueefers to the value people may place on havimgogtion available that thego not
currently use, such as the value ship passengers place on having lifeboats af@ilaisiergency
used & ¢ NJ y a LJ2 BB § A 9.8Bé&:kuseivalking and cycling can seradous roles in a
transport system, includinbasic mobility for nordrivers, affordable transportrecreation and
exercisetheir potential option valueis high

Evaluation method<Option value an be quantified using contingent valuatisarveys whiclask

people how much they would be willing pay for walking and cycling facilities and services that

they do not currently useThe UK Department for Transport developed specific guidance for

evaluating option value (DfT 2003).K S & ¢ NJ y & LJ2 NII 5 A OrgaNshoktatién + | £ dzS ¢
Cost and Benefit Analygisitman 2009) estimates that improvements in affordable alternative

modes can be valued at 7¢ per passengde, although this value can wasignificantly

depending on conditiogand 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:

1 Horizontal equy ¢ assumeshat 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 incomgassumesghat policies should protect the interests of
lower-income people.

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

Improving activetravel conditions can help achieve equity objectives by providing a fair share of
resources to nofdrivers and providing basic mobility for physically, economically and socially
disadvantaged peoplén most communities, 2d0% of the populatioannot or should not drive
due to disability, low incomes, or age. Walking and cycling facility improvements benefit existing
users (people who currently walk and bicyclglus new users (people who walk and bike more
due to improvements)

The followngtend 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 thafprovidesaccesgo essential services and activities,
such asealthcare education, employmentasicshopping, andocial activities

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

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

1 Respect and dignityecaus dternative modes tend to be stigmatizegrograms thatimprove
their social status tend to benefit disadvantaged people who rely on these modes.
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Evaluation methodsvariousobjectives andmpactscan be considered in transport equity analysis
(Forkenlvock and Weisbrod 200EForkenbrock and Sheeley 20@4tman 2004c):

9 Egalitarian equitfeverybody receives equal shaysuggests thaactivetransportshould
receive an approximatelgroportional shareof transport resourcesneasured either as mode
share or per capita. & 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 amont should be spent
on facilities or nordrivers.

1 Cost allocation equiteach user group should pay their share of costgjgests that public
expenditures oractivefacilities should be comparable what users pay intaxes.

1 Impact compensatiofpeopleshould compensate the harms they impose on otheFs)the
degree that motor vehicle traffic imposes delay, risk or discomforativemodes, there is a
horizontal equity justification for motorists to finaneetivefacilitiesto mitigate such impacts.
To the degree thasidewalks, crosswalks and pedestrian overpassesieeded to protect
pedestrians and cyclists fromotor vehicle traffiampacts,it is fair that motorists should bear
the costsof these facilities

1 Vertical equitypolicies should faw disadvantaged people) suggests tispecial effort to
improvenon-motorizedconditions igustifiedto the degree thathesemodesprovide basic
mobility for physically, economically and socially disadvantgqgegle For example, traffic
calming and sped control, and funding cycling facilities with motor vehicle user fleelp,
achieve vertical equity objectives by reducing the negative impacts that automobile traffic
imposes oractive mode users

Variousmethods carhelp determine the value a commitly 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 areiillingto pay

to improveeconomically andi@& a A O t £ @ RA & R@L Gnsus Anf Surveyidatal Jf S Qa
can identify where disadvantaged populations live and traamtl therefore where such benefits

are likely to be greatest

Transit subsidiesanindicate d 2 OA S (i & Q do-paykd ptovidy hsfcBdbdity for nondrivers
Suchsubsidies average about 6@ér transit passengemile, about half of which are justified to
provide basic mobility for nodrivers (the other halisintendedto reduce congestion, parking
and pollution problems)indicating thatbasic mobility is wortlat least30¢ per passengenile to
society
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Physical Fitness and Health

Activetravel provides fitness and health benefit$ 2014Pucher, et al. 201®Binnett, et al.
2011). Even small increases in physicdivity can improve public health (Sallis, et al. 2004).
Experts recommend that adults spend at least ¥f&klyminutes(22 daily minutes)in moderate
physical activity, with additional health benefits if the exercise is more rigorous and longer
duration €CDC 2010

Diseases Associated With Inadequate Physical Activity

i Heart disease 1 Diabetes

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

1 Depression 1 Dementia

Although there are many ways to be physically active, walking and cycling areyahe most
practical and effective, particularly for inactive and overweight people (Sevick, et al. RO€ier
and Beuhler 201,0Bassett, et al. 2031¢ KS ! ®{ ® / Sy (i S NJHFaghMPebple2®0 4 S / 2y
program includes specific objectives ta@iease walking and cyclingwWw.healthypeople.gok
Residents of more muitnodal communities exercise more and are less likely to be overweight
thanin automobileorientedareas(Frank 2004). Y | 2 2 NJ 28,83d4R<Eresigiehts found
that, accounting for other demographic factors, incrediseighborhood walkabilitys associated
with significantly reduced blood pressure and hypertension risk, indicktigge public health
benefits(Sarkar, Webster and Gallaat2018) Using data fromi1,041high-schoolstudentsin
154U.S.communities(Slater, et al. (2013jound thatthose living in more walkable communities
have lowerodds of being overweight or obese.

A comprehensive review by Sinnett, et al. (2011) fosiggificant physical and mental health
benefits of improved walkability and increased walking activity. Higher levels of walking are
associated with reduced obesity, diabetes, high blood pressure, cardiovascular disease and
cancer, which reduces overallomality rates. It is also linked with reductions in anxiety and
depression, and improved setforth, mood and have a positive impact on setteem.

A major study of 26350U.K. commuters bZelisMorales,et al. (2017) found that, controlling

for other factors, those who walk or bicycle have lower cardiovascular disease risk, and those who
bicycle have lower cancer risk and lowercalise mortality rates, indicating that on average cycle
commuting provides net health benefits and increases longevity.

A major studyusingdetailed health and community design data from 8, &t@uthern Ontario
neighborhooddoundthat overweight, obesity and diabeteatestend to declinesignificantly
with neighborhoodwalkability(Creatore, et al. 2016)

In a studyof residents in 14 cities, Sallis, et al. (2016) found tieaitrolling for other demographic
factors,net residential density, intersection density, public transport density and number of parks
were significantly, positively related to physical activitiie physical activitglifferencesbetween
residents othe most and least activitfriendly neighbourhoods ranged from 68 to 89 min/week,
which represents 4869% of the 150 min/week recommended by guidelirfdss implies that
transportation and land usel@nning decisions can significantly affect public fithess and health.
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TheHealth Economic Assessment Tet#AT) (WHO 2014hd theDynamic Modeling for Health
Impact AssessmelDYNAMGHIA)(Mansfieldand Gibson 2015¢alculate monetizedalues of
policies and projects that improve and increase walking and cychietuding savings from
avoided drivingimproved public fithess and healtreduced congestion and pollution, changes in
traffic crash risks and consumer welfatldheDYNAMGHIAmethodologyac®unts 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

There is sometimes concern thatbanpedestrians anayclists are exposed to high levels of air
pollution, which is particularly unhealthy because they breadkeply(Jarjour, et al. 2013)

thy126> CAIEA2TTA yR . AIFTTA é6unmnd YSIF &adaNBR
routes, and develped a model for predicting and reducing this riSkey conclude that:

1 Cyclists ventilate (breath) two to five times more than automobile occupants.
Pollution concentrations are 5@20% higher on urban arterials than local roads.
Pollution exposure is gemally lower on bike paths except those in industrial areas.

1
1
9 Pollution concentratbn is significantly loweon parallel lowvolume facilities.
1

Pollution exposure increased with traffic volumes and ambient temperatures.

Amajorten-year study found that tb 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 (Gil€orti, et al. 2013)RojasRuedagt al. (2011 yuantified the overall

health impacts to userfrom shiftingurban driving to cycling, includirdpangesn accident risk,
pollution exposure angublic fitnessThe study concluded th&arcelon& Bicingpublic bike

rental systencaused).03additionalannualtraffic accidentdeaths 0.13additionalair pollution

deaths and12.46fewer deathsfrom improved fitness, resulting ih2.28deaths avoided and &7
benefit:risk ratio This does not account for the additiorredalth benefits from reduced accident
riskandreduced air pdution exposureto other residents.The authors conclude that public

bicycle sharing schemes can help improve public healthprovide other benefits

Grabow, et al. (201Jgstimated changes in healttenefitsand monetary costs if 50% diart

trips were made by bicycle during summer months in typical Midwestern U.S. communities.
Across the study region of approximately 31.3 million pepplertality is projected todecline by
approximately 1,10@nnualdeaths The combined benefits of improved air qugland physical
fitnessare estimated taexceed $7 billion/yearThesefindings suggest that significant health and
economic benefits are possible if bicycling replaces short car trips.

Rabl and de Nazelle (2012) estimate the health impeatsed byshitsfrom car to bicycling or
walking,consideringour effects: changgin physical fithess andmbient air pollutionexposure to
users reduced pollutiorto other road usersandchanges iraccidentrisk Switching from driving
to bicycling for a 5 km onreay commute230 annual dayprovidesphysical activityhealth
benefitsworth 1,0 n nannuallyand air emission reduction worthh 1 eokeéalNJthe commuter
that switches mode bears additional air pollution costs averagimg gbutéNimpactdepends

on cycling conditon®& Ot A 4G &4 Q LRttt dziAzy SE IskpaaedBomOly 65 NBI

major roadwaysData from Paris and Amsterdam imply thahy increase in accident rigkat
least an order of magnitude smaller than physical activeglth benefit.
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There is also evidence that active transport progigsychological benefitéJsingBritish

Household Panel Survdgta, Martin, Goryakinand Suhrckg2014)found that accounting for
potential confounding variables relating to work, residencd aralth,overallpsychological
wellbeing wassignificantlyhigherfor active modessommuterscompared to car travel or public
transport Switching from car travel or public transport to active travel was associated with an
improvement in wellbeing when copared to maintaining car travel or public transport. Negative
associations were identified between time spent driving and wellbdimgeased walking appears
to reduce cognitive decline and dementtrickson, et al. 2030

Evaluation methodsSome stuées monetize the health benefits of improved walking and cycling
(Fishmanet al.2012;Genter, et al. 2008;itman 2009; BoarneGreenwaldand McMillan 2008
SQW 2007; Cavill, et al. 2008ZTA 2010Cavill, Cope and Kennedy (2009) estimated that an
integrated progranthat increasesvalking in British townprovidesbenefitsworth £2.59for each
£1.00 spent, considering just reduced mortalitycluding other benefitsréducedmorbidity,
congestionand pollution) would increase this valu&he Departmenfor Transport found even
higher economic returns (DfT 2010). Thealth Economic Assessment Tool for Cyaliag
Walking(WHO 204) provides methodologesfor valuing the ative transportationbenefits
including savings from avoided driving, increaseppi@ess, and reductions in coronary heart
disease, diabetes risk, congestion, pollution and crash risk.

Guoand Gandavarap(R010)conclude that the incremental casof residential sidewalk
constructionare usually repaid by health benefiteom increa®d physical fithess and reduced
pollution. They estimate thabuildingsidewalkson all city streets would increaseverage daily
activetravel 0.097miles and reduce automobile travél142vehiclemilesper capita Ths
additional physical activitis predicted tooffset weight gain in about 37% wdsidents providing
substantial healthcare cost savings

Gotschi(2011) estimated thatPortland Oregof2 40-year$138605 millionbicycle facility
investmentsprovide $388594 millionhealthcare saving$143-218 millionfuel savings, and $7
12 billionin longevity valueresulting in positive net benefitSaelensmind€2002)estimates that
eachphysically inactiveerson who startdicycle commutingrovides €3,0004,000annual
economic benefitsMeta-analysisby de Hartog, et al. (2010hdicates thatpeople whoshift from
drivingto bicycling enjoysubstantialhealth benefity3to 14 monthlongevitygairs), plus
additional benefits from reducedir pollution and crashiskto other road usersThe New Zaland
Transport 3 S y ExdnOniic Evaluation Manuatovidesthesevaluesof improved healtrand
reduced congestion from active transport:

Table 6 Active Transportation Health Benefits (NZTA 2010, Vol. 2, p. 8-11)

2008 $ NZ/km 2008 USD/mile

Cycling $140 $1.60
Walking $2.70 $3.00

Thistableindicatesb S § %S ledtimage®\@lde of increased walking and cycling.
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Reducing vehiclewnership and useanprovidevarious types ofavingssummarized imable7.
Short urbantrips tend to have high costgue to cold start&nd congestion

Table 7
Category

Vehicle
Operating Costs

Vehicle Costs( AVehi cl e

Description

Fuel, oil and tire wear.

' How It Can Be Measured

Permile costgimes mileage
reduced.

C o s t Rolzin, CHu iartd Raman 2008)0 9

Typical Values

10-15¢ per vehiclemile. Higher
in congested conditions

Mileagerelated

Mileagerelated

Permile costs times mileage

5-15¢ per vehiclamile,

Depreciation depreciation repair costs reduced. depending on vehiclgype.

and lease fees
SpecialCosts Tolls, parking feestc. Specific market conditions. | Varies.
Vehicle Reductions in fixed vehicle | Reduced vehicle ownership| $2,000 to$3,000 per vehicle
Ownership costs. times vehicle ownership year.

COSts.

Residential Reducedesidential paking | Reduced vehicle ownership| $1001,200 per vehiclgear.
Parking Costs timescostsper space.

Reducing automobile traveho provide various types svings depending on conditions

Evaluation methodsSavingscan be estimatedisingvaluesfrom Table7. Savings tend to be
particularly large for reductions in short urban trjped additional savings can océlinon
motorizedimprovements help create more accessibigylti-modal communities, whickeverage
additional reductions in vehicledvel, ownership and parking costs

Reduced Chauffeuring Burdens
Chauffeuing (also calledescor) tripsrefers toadditionalvehicle travebpecificallyto transport a
passengeras opposed toideshaing in which apassengerides in avehiclethat would travel
anyway Chauffeurings particularly inefficient because dften requiresempty return trips, so
transporting a passenger 5 miles generates 10 velnitles Improving alternative modes can
reduce chauffeungburdens, savingrivertravel time,vehicleoperating costsexternal costsand
increasinghon-driverindependenceAlthough data are limited, chauffeuring appears to
represent about 10% of total vehicle trips (TfL 20&ahyd is probably higher in automobile
dependent communities, and\eer in multtmodal communities where adolescents, people with
minor impairments, and people who cannot afford to own a motor vehicle have good mobility

options.

Evaluation methodsReduced chauffeung benefitsnclude previously described vehicle cost
savings drivertravel 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¢ pée mivehicle costs, and 20 minutes
of travel time valued at $9.00 per hour, this totals $4.25 per trip or $0.85 per vahitdeThs

NB LJ2Opfiofand Equityalue sectionsdescribe methods for valuing increased 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 usdés/ 2 Y 3 S & (i ALifman 2003 ( & = ¢
Walking and cyclingonditions can affect vetle trip generatiorin several ways:

1 Poorwalking and cyclingonditionsforce peopleto drive for even short tripdn urban areas a
significant portion ofnotor vehicle trave(often 10-30%) consists of short trips that ddwshift
to activemodes(Litman 2010) Where walking conditions are poor, such as along an urban
arterial, people will driveevenacrosshe road or from one driveway to another, adding fidm
and cross traffic that creategelays.

1 Poor walking and cycling conditions increases deauing trips (special trips made to transport
a nondriver) which often include empty backhauls, which also add congestion.

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

As a result, improving walking and cycling conditions can reduce automobile trip generation and
therefore traffic congestionThese impacts tend to be greatest in commercial districts, and near
schools and recreational centers, where mangrshrips begin and end

Face requirenents, and therefore congestion impacts, per passengie or kilometer vary
dependingon vehicle(for this analysis people are considered vehicéizd speed,and
occupancyand ther interactiors. Shydistance §pace between a vehicle and other objects)
increases exponentially with speed, so at 30 kilomgiterhour (KPH) vehicles can saféigvel

about 15 meters apart, but at 100 KPH they require about 150 meters. Space requirements are
lowest when all vehiclesavel at the same speed in the same direction, and decline with mixed
speeds, counterflow and cross trafffame studiesalculatethe space requirements of various
modes. According to one estimate, a pedestrian requires about 3 square meters, aatymlist

10 square meters,raautomobile at30 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
meters (assuming a bus requires three passemgerequivalents)as illustrated in Figureé.

Figure 7 Road Space Requirements by Mode (based on Bruun and Vuchic 1995)
300 -
250 -
200 -
150 -
100 -

Square Meters

50 -
0

Transit Bus Walking Cycling SOV @ 30 KPH SOV @ 100 KPH

The space required per passenger varies depending on vehicle type, speed and travel conditions.
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Non-motorizedtraffic can contribute to congestioRedestriangancause delays/hen crossing
roads or where roaddack sidewalksSuchimpacts are generally less than if the same trips were
made by automobileTo analyz¢he bicycling congestion impagteoadwayroad onditions are
divided into four classes:

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

2. Congested roads with space for bicycliBisycling on a road shoulder (common on highways), a
wide curb lane (common iruburban 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)
<11ft. Lane | 11-14ft. Lane > 14 ft. Lane
Riding With Traffiq 1.0 0.2 0.0
Riding Against Traffi 1.2 0.5 0.0

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

4. Narrow, congested roads with moderate to high speed trafficyclingon a narrow, congested
road wherethe ridercannotkeep up with trafficand faster vehicle cannot easily pagsan cause
significanttraffic delay.

Congestion is reduced wheravelersshift from drivingto bicycling under the first three

conditions. Only under condition 4 does shifffail to reduce congestion. This represents a small

portion of cyclingravel becausemostbicyclistsavoid ridingin such conditionsHourdos, 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 thaoachwith no bike lanegf
bike lanes substitute for general traffic lanéseymay increase congestion, but in other cases

theyA y ONBI 85 G2dFt NBIFR6F& OF LBropkciRadk Wesarisd SEI YLX $=

morepeopleafterl & N2 I R el Stinffic ldbety @bike path (NYDOT 2010).

Traffic congestion can be measured in various ways that lead to diffestimates of its cost and
the effectiveness of various congestion reduction strate@¢@sntMuller and Laird 2007Litman
2013. For exampleroadwayLevelof-Servic§LOS) and th&ravel Time Inde @ TI)measure
vehicletraffic delay on a particular roadway hese indicators do naiccount for the congestion
avoided by travelers who shift from driving to alternative modesegtucetheir travel distances,
and sothey tend tounderestimates the congestion reduction benefitsrmprovements to
alternative modes and more compact developmepdr capita travel timeand per capita
congestion delagre better indicators ofotal congestim impacts since they account for the
congestion avoided if travelers shift mode or choose closer destinaions2 Yy 3Sa G A 2 y
Litman 2009. For example, complete streets roadway designd more compact development
tend toincreasecongestion measuredsing roadway LOS or the Tddcause these strategies
increasethe intensity of congestion on specificadways, but because thgreduce automobile
mode share and trip distancethese strategieseduceper capita travel tire and congestion
delays. Simdlrly, policies that prohibit pedestrian crossings on a roadway may reducetdelay
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motoristsat thatlocation, but increasautomobile trips (travelers shift from walking to driving)
and travel distances, increasittge total amount of time people spendaveling

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 beseditimproving walking and

cycling conditions. For example, few models can account for the congestlooti@n benefits

that result if youths shift from being driven to walking and cycling to school because much of the
traffic reduction will occur on lodatreets that 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
incentivesfor a few trips to shift mode generally provide only shtatm congestion reductions;
long-term reductions require significant improvements in alternative modes or pricing reforms
that change the point of equilibrium. Improving walking and cycling candittends to reduce
household vehicle ownership and trip generation, which tends to reduce traffic congestion, but
most research on this subject concerns public tramitivemodes can have similar impacts,

alone and in conjunction with transit (Litm&004; AftabuzzamarGurrieand Sarvi2010).

Althoughresearch is limited, there is evidence that walking and cyatipgovements do reduce
traffic congestion(Johnsorand Johnsor2014; Randersen 2018QN 2007) For example, major
study for the Arizoa Department of Transportation analyztdee relationshipsetween land use
patternsand traffic conditions ifPhoenix, Arizonakuzmyak012). It found significantly less
congestioron roads in older, higher density areas than in newer, lower density babuareas
due tomore mixed land use (particularly more retail in residential areagye transit and
nonmotorizedtravel,and a more connectesltreet grid which provides more route options and
enablesmorewalkingand cyclingAs a result, residents ofder neighborhoods generate less
total vehicle travel and drive less on major roadways, reducing traffic congestion.

Hamilton and Wichma(2016)use a unique fingrained traffic dataset to measure the
Washington DC Capital Bikeshare prog&impacts oncongestion They find that bikeshare
stations reduce traffic congestion B@6or more compared with congestion intensity that would
otherwise occurwith the greatestreductionsin the mostcongested areas.

Evaluation methodsReductions in urbapeak aubmobile 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 conddns(GrantMuller and Laird 20074;itman 2009TC 2006 SQV
(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 km)n urban areas and £68.64
(£0.11 per kmjn rural environments.
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Barrier Effect

Thebarrier effect(also calledseverancgrefers tothe travel delaythat vehicle traffic imposes on
activeY2 RSa& 0 4. I NNR& S NJ. 9iFepbvaenticaffic dongastiofimpasediodon-
motorized vehiclegmost congestion cost estimatégnoreactivetravelimpactg. Thisreduces
active modeaccessibility, and causes shifts from rraotorized to motorized travel which
increases external costs such as traffic and parking congestainus transportplanning
decisions affect the barrier effect:

1 Highwayexpansionincreases the barrier effetty widening roadwayandincreasing vehicle
traffic volumesand speeds

Traffic calming, road diets, and traffic speed reductions tend to redueda#nrier 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 sepdrfiam 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 neigthoodsrather than where
residents mustross or travel along a busy highwagn reduce barrier effects.

Conventionatransport planning generally ignores theisepacts. For example, roadway widening
is often describe@imply as a transpoitnprovemei, which recognizes the reduced delay to
motorists but ignoreshe additional delay thatvider roads and increasadotor vehicletraffic
imposes oractivetravel. More comprehensivanult-modalevaluation recognizes the tradeoffs
involved in such decisian

Evaluation methodsThe barrier effect imposes direct costs on pedestrians and cycastsell as

indirect costs by reducing walking and cycling activity and increasing motorized Trage2010

Highway Capacity Manual evaluates pedestrian andngytdvelof-service on a particular

roadway (TRB 2010), and th Department for Transporbadway evaluation models quantify

the barrier effectfor specificsituationsby estimaing walking and cyclindemandassuming no

barrierexistsd & . | NNJS NIAGTFH SO n pT .TFHese madelsalgulaethew. H ANy 0
demand for travel between local destinations (homes, schools, shops, parks, etc.) atelayi®
activemodetravelerscaused by wider roads and increased motor vehicle traffic volumes and

speeds

Barrier effectcostsare typically estimated taverage 0.5¢ to 1.5¢ pearban automobile vehicle
mile, although tley may bemuch highemhere there is considerable walking and cycling demand
For example, if a busy road between homes and schoalkesnoamotorized travel 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 anrfoalliye additional
vehicle expenses and extel costs.
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Roadway Costs Savings

Roadway costen average about $50annually per capita in the U.S., about half of which is
funded through general taxes rather than user felekl\WWA 20085Subsidy Scope 2009 Canada,
local roadwaycapital and operatig costs are estimated to total $18.8 billion in 200TC 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 lessleroftraveld C1 21 mMmdpT T aw2l Rgl &
| 2aitazé¢ [.Sidewdky and pathstace relatively inexpensive to build and maintain.
Providing normotorized lanesometimesrequires wider roads but bicyclelanesare usually
developed using existingad shouldes, parking lanesor by narrowing traffic lane#s a result,
shifting travel frommotorizedto activemodesgenerally reducetotal roadway costs.

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

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

4¢ per mile for automobileand morefor heavier@ S KA Of Sa oaw2l Rgh.e [/ 2aitaxé
Walking and cycling imposeinimalroadway costsShifts from driving to walking or bicycling

provide roadway facility and traffic service cost savingappiroximately5¢ per mile for urban

driving and 3¢ per mile for rural drivingncluding indirect travel reductions leverageddmstive

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 two A8 & A RSY G A £ 0 LISNJ Y2 ({2 N FSKA
Litman 2009)Pedestrian®nly require umbrella standand coat racksand 1020 bicycles can

typically be stored in the space required for one automobile.

Figure 8 Typical Parking Annualized Costs per Space (Litman 2009)1
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An urban parking space typically costs $500 to $3,000 in total annualized costs.

In the short runyeductions in automobile travehay simply result in unoccupied f@mg spaces,
but eventually most parking facilities have opportunity costs: reduced parking demand allows

1 Parking Cost, Pricing and Revenue Calculs®PIww.vtpi.org/parking.xlk
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property owners to avoid expanding parking supply, or they can rent, sell or convert parking
facilities to other uses.

Evaluation methodsParking osts are not generally affected by trip length, so this cost is
measured per trip rather than per mile. Shifting from automobiletbtivetravel is estimated to
provide parking savings of $Pper urbanpeak trip (a typical commutbas$4-8 per day parkig
costs), $13 per urban offpeak trip, andabout$1 per rural trip(a t  NJ A yGtman 2009) & > ¢

Traffic Safety Impacts

Qashesare among the largest transportatiaostsé & / NI & K / 2 8 0 BC2008; A G Yl Yy H A
Vermeulen, et al2004. A portion of thiscost 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 group (Litman 2009).

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

travel from automobile toactivemodestends to reduce total crash costisie to the following

factors (WHO 2008):

1. Activetravel imposes minimal risk to otherad users.

2. In automobiledependent communities walking and cycling casualty ratesrelatively high
because many users achildren and people with disabilities/ho tend to have highisk
factors Apedestrian or cyclisivho takes basic precautions suat 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 communitpecause drivers become more cautsand communitiesinvest
more innon-motorized safety improvementshere there are more pedestrians and cyclists

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

5. Some walking and cycling promotion programs include education and facility improvements
that reducelLJ- NIi A Qér-inlle gedestan andicycle crash rates.

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

Shifts from driving toactivemodes tend to reducéotal per capita crash casualty rates in aear

as indicated in figure8and10x 'y S¥FSOG Ol tf SR aal ¥Sieé Ay ydzyoe$s
2003; Robinson 2005 reas with high rates afialking and cyclingend to have lowper capita

traffic death rateqFietsberaad®2008 ABW 201} Overal, longevity tends to increase with

increased walking and cycling activity (Cavill, et al. #a8 exampleMurphy, Levinson and

Owen (2017) found thah 448 Minneapolis city intersectionsegestrianshada lower risk of

being hit by a car at intersdons with higher pedestrian trafficlemonstrating safety in numbers

effects.
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Figure 9 Traffic Fatalities Vs. Active Transport (US Census 2000)
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Chu (2006) concludes that walking has 1.7 times the fatality rate per minute of travel than motor
vehicle travel, with significant variation by time of day, age of walker and how risk is measured.
The incremental risk faaresponsible 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 penile fatality rates, and offgeby reductions in risk to other road users

and other health benefits.

Jacobsen (2003) found thetllisionrates between motor vehicles angbdestriansandcyclists
increases at roughly 0.4 power of walkiagd cyclingactivity (e.g., doubling NMT travén a
community will increase pedestrian/cycling injuries by 32%edestria a dNdlin&s| 34% if
walking and cycling double their community Robinson (2005) found similar rdtsun Australia

Figure 10 Traffic Fatalities Vs. Active Transport (Kenworthy and Laube 2000)
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Marshall and GarricR011) found that U.S. citiewith higher per capitebicycling rate tend to
havemuch lowertraffic fatality ratesfor all road usershan other cities. Thg conclude that thiss
partly due toincreasedstreet network densityooth supports cycling and reduces traffic speeds
and therefore riskRobinson (2005)Geyer.et al. (2006, andTurner, Roozenburg arfetancis
(2006)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 dce transport activity increases.

Evaluation methodsvarious studies indicate thatuitomobileexternal accident costsvarage 2¢
to 12¢ per vehiclemile, depending on driver and travel conditions, and the scope of costs
O2yaARSNBR 6 d/ RAIOH Van Esfed, 8tal>20aT] 2008 Metsyfety benefits
provided byautomobile toactivetravel shiftsare estimated to average 5¢ per urban peak mile,
4¢ per urban ofpeak mile, and 3¢ per rural mjlevith greater benefits from strategies that
reduce walking and cycling risk, for examgfi@ctivetravel increases due to more separated
facilities(e.g., sidewalks and pathdjaffic speedeductions, improved traffic law enforcement
and cycling educatian

Security

Securityrefers to freedom from asailt, theft and vandalism. Many 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 responsible(incinal)

people on sidewalks and paths, which increases passive surveillance (more people ready to report
threats). Contrary to popular assumptions, per capita crime rates tend to decline in more

compact, mixed, walkable communities, probably due to a combinatiompifdved surveillance,

better policing and emergency response, and improved economic opportunity-fiskatesidents
(Gilderbloom Riggsand Meares2015;Litman 2013).

Energy Conservation

Motor vehicle production and use consume large amounts of natural resources, particularly
energysuch aspetroleumand coalChester and Horvath 2008yhis onsumption impose

various external costéncludngeconomic and national securitnpactsfrom dependence on
imported petroleum plusenvironmentaland healthdamagedrom pollution. As a result, resource
conservation can pndde various benefittNRC 2009)

Activetransportcanprovide relatively lage energy savingsit substitutes for short urban trips

that have high emission rates per mile due to cold stagtgy{nes are inefficient during the first

few minutesof operatior) and congestion. As a reswach 1%shift from automobileto active
traveltypicallyreducesfuel consumptior2-4%(Komanoff and Roelofs 1993 addition, as
previously describedctivetransport tends to have leverage effects, so comprehensive programs
to improve walking and cycling can provide additional energy condervhenefits.

Evaluation method<Petroleum consumptiorexternal costsire estimaed to be t4¢ per vehicle
YATS 04awSa2dz2NDS / 2y adzy LI ANREZ 200@alih8uyt/possibly nibre to & = ¢
account for all environmental costs associated vggtroleum extraction Relatively highvalues
arejustified becausenon-motorizedtravel substitutes for short urban trips in which motor

vehicles are fuel inefficient due to cold starts and congestion.
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Pollution Reduction

Motor vehicleproduction and useauseair, noise and water pollutiowhichharm people
agricultural and the natural environme(€hester and Horvath 2008 C 2008 Somepollutants,

such as noise, carbon monoxide and particulgtese local impacts so their costs vary depending
on whee emissions occuivhile dhers, such as ozone, methane and carbon dioxideeh

regional and global impacté ! A NJ t A infanl2D09@WAIEINg and cycling produaerinimal
pollution.

Various methods can be used to evaluate active transport emissaurctions (DRISI 2016),
although most underestimate actual emission reductions. Most models assume that a mile of
walking or bicycling reduces, atost, one vehiclemile, ignoring their leverage effects, as
discussed in the box on page®@uoand Gandavaapu (2010 found thatinstallingsidewalls on all
streets ina typical North American community reducasout 12 motor vehicle miles each
additional mile walked or bikedn addition, gr mile emission reductions tend to belatively
largewhenactivemodessubstitute forshort urban trips which have high emission rates due to
cold starts and congestioRPedestrians and cyclists ag&posed to vehicle pollutiorlthough no
more than motor vehicle occupants (Frank, et al. 2010).

Ngo (2016) used beforand-after travel surveys conducted from 2012 to 2015 to measure the

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

pedestrian and bicycle pathway in downtown Vancouver, British Columbia. The sample consisted

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

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

Greenway (control group). The results indicate statistically significdte® G A 2y & 2F b HH DR
I SN} 38 RIFIAf& Y20302NRART SR DI D SYraaarzya 00SF2NBY
energy consumption (before: 16.0 MJ; after: 12.2 MJ).

Estimated Benefitd/ariousstudiesquantify and monetiz motor vehicle pollution damages, but
many of these estimates include only a limited portion of total pollution cdstsexample some
consider ozone, CO and NOx damages but @particulateand air toxic damages, so total costs
are higher than most published estimateésn Esse2004).Automobile air noise and water
pollution costs araypicallyestimated to averag@¢ to 15¢ pervehiclemile, withlower-range
values in rural conditions artdgher values under congested urban conditiotsit relatively high
values can be justéd to reflect the tendency of walking and cycling to reduce short urban trips
(Delucchi 2007; Litman 2008¢C 2008YVermeulen, et al2004). A British study estimates that
shifts from driving taactivemodes provide air pollution reduction benefits of £0.ith urban areas
and £0.02 in rural areas, with higher values for diesel veh{8I@W 2007)A reasonablesstimate
is 10¢ per mile for urbapeak driving, 5¢ for urban effeak and 1¢ for rural driving.
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Land Use Impacts

Transportation planning decisiongten affect land uselevelopmentpatterns CTE2008;

Forkenbrock and Weisbrod 200litman 199% Planningdecisions that favor automobile travel

such as expanded urban roadways with higher design speeds, increased parking requirements and
lower vehicleuser fees, tend to encourage more dispersed, urrdmge development, called

sprawt while planning that favors walking, cycling and public transit tend to encourage more
compact, mixed development, callethart growth

Thisoccurs because walking, dyg) and public transitequire more compact and mixed

development for access, and these mode arere spaceefficientthan automobiletravel. Table9

comparesoad and parking spagequirements of variougmodes for a typical commutel his

indicates that diving requires approximately 15 times as much space as bicycling, and about 100

times as much as walking/alking and cycling improvements also tend to enhanceptitaic

realm (public spaces where people naturally interact), which creates safer andlimalée urban

neighborhoods (Appleyard 1981

Table 9 Time-Area Requirements Per Commuter (based on Bruun and Vuchic 1995
Standing/ 8 hr. Road Per 20-minute Total

Parking Parking Space Trip (Parking & 2 Commutes)
Sqg. Ft. Sqg. Ft.-Min. Sqg. Ft. Sq. Ft.-Min. Sq. Ft.-Min.
Pedestrian 5 0 20 400 800
Bicycle 20 9,60(Q 50 1,000 11,600
Bus 20 0 75 1,500 3,000
Automobile ¢ 30 mph 300 144,000 1,000 20,000 184,00
Automobile ¢ 60 mph 300 144,000 2,250 45,000 214,00

This table compares tirs@rea requirenents for parking and road space measured in scfiant-
minutes (square feet times number of minutes) fom2@ute commutes by various modes.

Smart growth can provide various economic, social and environmental benefits, as summarized in
Table D. Most @mmunities have objectives to encourage more compact development,

redevelop urban neighborhoods, reduce impervious surface area, and preservespaes

(parks, farmland, forests, etc.), regardless of whether or not theyaeetly labelled asmart

growth initiatives

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

Economic Social Environmental
Reduced development and publ| Improved transport options, | Greenspace and habitat
service costs particularly for nondrivers preservation
Consumer transportation cost | Improved housing options Reduced air pollution
savings Community cohesion Energy conservation
Economies of agglomeration Reduced water pollution
More efficient transportation WSRAZOSR 4KSIF G A A

This table summarizes vaus benefits to society of smart growth development patterns.
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As a result, walking and cycling improvements can provide indirect, smart 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 traffic, and indirect 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 maximunikimg and cycling access.

Evaluation methodsThese impacts arpotentially large although difficult to quantifyPeople

who live and work in mre compactand multi-modal communities tend to own fewer cars, drive

less and rely more on alternative modeghich reduces 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 emissions. In addition, more compact development tends to reduce
infrastructure and environmental costs and improve accessibility for-damers(CTE2008).

Together, these caprovide thousands of dollars in annual savings and benefits per capita
(Forkenbrock and Weisbrod 2001 4 [ F YR ' &S LYLI Olazé [AGYLY HAanddo

Theseimpactstend to be difficult to evaluate becaudbey are numerous (analyses often focus
on a few but overlook others), some are difficult to quantify and monetize;thee are often
several steps between a planning decision @sdltimate land use impact§ oevaluatethese
impacts

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

2. Second, descrih@andto the degree possiblejuantify theseland use changgincluding
differencesin impervbus surface coveragenpacts onfarming and wildlifenabitat, changes in
accessibility antravelactivity (such as more vehicle travehd resulting changes energy
consumption and pollution emissions.

3. Third,to the degree possiblenonetize these impact$or example, estima economic and
environmental costs of increased pavemanid reduced openspacesome effectgan be
monetized byassigning aollarvalue per hectare dhabitat lost todevelopment, or each
additional motor vehiclamile generatedby sprawl.

This type ofanalyss requires makingnumerous assumptionabout impacts andralues and the
resultsmay overlook some impagtsuch aommunity cohesion and agglomeration economies
because they ardifficult to quantify. Such assumptions should be documentdéidmaybe better

to incorporate some impactgualitatively, through dscriptions and community involvement

rather than assigning a single total dollar value to total land use imgkotgs Berger Inc. 1998).
Rogers, et al. (2010) use a case study approach to evaluate the impacts of walkable social capital.
Residents livig in neighborhoods of varying built formind thus varying levels of walkability

three communities in New Hampshire were surveyed about their levels of social capital and travel
behaviors. The results indicate that levels of social capital are higimeoie walkable

neighborhoods.
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Economic Opportunity and Resilience

By improving affordable access to economic opportunities, including education, employment and
basic services, active transportation tends to increasgnomic mobilitythe chance that ctdren
raised in lowesincome householdecome economically successad adulty andeconomic
resiliencgability to respond to unexpected financial stresses such as reduced incomes or new
financial burdens), particularly f@hysically, economically arsbcially disadvantaged people

(Jaffe 2016Levy McDadeand Dumlao201Q Sisson 2018 This is particularly important for those
who lack adrivee & f A O S (RK@ebore Bdd BdinéE 2015 ederickand Gilderbloom

(2018) found thatower automobile moa sharesare associated with less income inequality
between white and Africahmerican householdsindbetween men and womerandwith higher
earnings for white women and Africalkmerican menGilderbloom, Riggs andeédres (2015and
Won,Lee and.i (2017foundthat neighborhoods with higher Walkscore ratings have lower
F2NBOf 2adzNB NI GSazx AYyRAOIFIGAY3 GKIG GKA& AYONBI &
ability to respond to economic stresses such as reduced incomes or increased finan@akburd

Economic Development

Economic developmengfers to pogress towarccommunityeconomic goals such as increased
employment, income, productivity, property values and tax revenAesivetransport can
supporteconomic development in several waysCA2013;Boarnet, et al 201 7ECF 2018 lusche
2012;Grous 2010Kornas, et al. 201&;itman 201; NCDOT 200Q4.iving Streets 201 Rohani and
Lawrence 201 AValk Boston 2011

1 Transport efficiencywalking and cyclingnprovements can increageansport sytem
efficiencyby redudng traffic congestion, road and parkirigcility costs,andaccidentdamages
as describegbreviously in this reportTo the degree that this reduces costs to commuters,
businesses and governmentsénincrease economic producttyiand competitiveness.

1 LaboraccessWalking and cycling improvements (alone and with public transit improvements)
tends to improve access to education and employment opportunities, particularly by non
drivers,increasngthe quantity and quality ofhe lower-wagelabor poo] whichcanreduce
businesgostsand increase productivity and competitivenebaproving affordable transport
options tends to expand the labor pool for industries that require numerous lavaaye
employees, such as hospitality afmght manufacturing.

9 Labor productivityActive transportation tends tmcrease labor productivity by increasing
worker fitnessandreducing sick leaveChapman 2005Henderson, et al. 200

1 Land useefficiency As previously described, walking and cygkupport more compagmulti-
modal developmentwhichcanprovidevarious accessibility benefitagglomeration
efficiencies 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 2013Beierle2011; ECF 20184eldt andLiss2013;PTNY2010;Tourism Vermot
2007, Grabow, Hahn and White2010, Qian, et al. 201,6Velo Quebec 20)5retail (HassKlau
1993) construction GarrettPeltier2010),andurbandevelopment(LAB 2009)
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Improvedwalking and cycling conditiom&nincrease local property valuesid sipport local
development(Bartholomew and Ewing 2@1Boarnet, et al 2017Cortright 2009 Krizek et al.

2006; LGC 29, an indication of the value that residents and customers place on these qualities,
and increased economic productivitgychanan 200Kornas, et al. 201&ivoand Fisher2010).
Property valuesalsotend to increase with proximity to public trails (Karadeniz 2(R&cca and
Dhanju2006). Retailers sometimes oppose nomotorized improvements, suchkig lanes, lased

on theassunption that motorists are better customers, but thisagten urtrue (Clifton, et al.

2013 Fleming, Turner and Tarjomi 20IBpwe 2013Stantec 2011Sztabinski 2009; TA 2006
Bicycle parking is space efficiemtd sogenerates about five times as much spending sugrare
meter ascarparking (Lee and March 201®ohani and Lawrence (2017) foundtatistically
significant positive association between pedestrian access to jobs and labour productivity within
the Auckland city centre, and conclude that commercial eepedestrian improvements support
economic development.

Although automobile and fuel production are major domestic industries, they are capital intensive
with relatively little labor inputand many inputs are imported, sationalproductivity and
employmenttend to increasef consumers shift expenditures from vehicles and fuel to other
consumer goodgFigurell). As a result, reducing vehicle and fuel spending tends to support
economic developmentNon-motorized facility construction tends to create meoemployment

and regional business activity than other capital projects. For example, anal\GariagtPeltier
(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 thensa expenditure on roadway projects.

Figure 11 Employment Impacts per $1 Million Expenditures (Chmelynski 2008)

35 .
3 30 31.3 Fuel and vehicle
§ 1 expenditures produce
g 251 fewer domestic jobs than
Y 20 4 17.3 most other consumer
2 5. 12.8 13.7 expenditures, and far les:
= than spending on public
» 10 1 .
- transit.
[
o 5 -
[%2]
g0 - - -

Vehicle Fuel Vehicle Expenses Other Consumer Public Transit

Expenditures

Active modeourism tends to provide greater economic benefits per mile of travel than other

forms of tourism (Figure2). A 20144 (0 dzZR&@ SaUGA Yl GSR GKFG G2dz2NRada 2y
Verte network spend an average $Rfer day6% more than other types of tourists (Velo

Quebec 2015Heldt 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 elsewhere, contribute most to regional and national

economic development. Such tourists tend to demand relatively high quality cycling facilities

(comfortable and safe routes and trails) and amenities (restaurants, hotel$, et
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analysis depends on perspective and scale. For example, improvements in one commercial center

may attract customers from othareaswithout increasing ttal regional economic activityDther
impacts are resource savings that increase overall productivity.

Evaluation methodsActivetransporteconomic impac depend on specific conditionie. many
situations, noAamotorized improvements can provide sigoént economic development benefits,
in addition to the other benefits described in this report. The following factors tend to maximize
active modeeconomic development benefits:

1  Wheredemand foractivetravelis high

1 Whereactive travel improvements ingrate withcomplementary strategies such as public
transit improvements, efficient pricing, ar&hart Growth developmentpolicies, which increase
overall transport system efficiency.

1 Whereactive modemprovements respond to locakeeds such agreating nore attractive
commercial centersor expandingvorker pools or supportingpurism.

Table 1 indicates methods that can be used to evaluate these impacts, and ways that non
motorized improvements can maximize economic development benefits.

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

Measuresavings as described in thi
report, and esimate the savingso
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 useefficiency¢ 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
travelchangesand resulting
consumer expenditurehangesUse
Input/Output analysito 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.

Nonmotorized improvements
implemented in response to local
business needs.

Activetransportation planning decisions caffect economic development in various ways.
Evaluation should consider, and if possible quantify, all of these impact categoriesioNwized
planning can be designed to maximize economic development benefits.
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Active ModeVersus AutomobiléAccess; Economic Development Impacts
Panning decisions sometimasvolve tradeoffdoetween normotorizedand automobileaccess:

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

9 Traffic calming and speed cootmprograms reduce motor vehicle traffic speeds, in part to increase
activetravel safety and comfort.

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

Localmerchantssometimesfearthey will losebusinessf automobileaccessand parking is reduced.
This is not necessarily truén many cases, improving access by alternative madesstreetscaping
supports local economic developmen¥erall

During the 1970sm@ne cities had negative experiences with pedestrianizedets; they became
unattractive to customers and business activity declined. However, appropriate pedestrian
improvements can increase retail area attractivengsaticularly in urban commercial districts and
resort areas A study of ter.ondoncommercialdistricts found street design improvements typically
increase residential and commercial property values about 5%, reflecting the value people plag
an attractive street environment anesulting increases ilocal commercial activityBuchanan
2007).Clifton, et al(2013 found that shoppers who arrive walking, cycling or public transport te
to spend less per trip but make more trips per mordhd more in total than automobile shoppers.
In a survey ofirban retailbusiness owners, Drennen (2003uifa that 65% consider a local traffic
calmingprogramto provide overall economic benefits, compared with 4% that consider it overal
negative/ 2 Y @SNEA2Y 2F { Iy CNJI yOA a OQan@licycleGeydly Qttdvia
Boulevard significaty increased local commercial activity and property values (CNU 2009).

In some cases, total roadway capacity increases after general traffiedameonverted to bus or
bike paths due to a combination of smoother traffic flow after a road diet, arigrafieant increase
in bicycle travel (NYDOT 2010). Because bicycle parking is space efficient it generates about fi
times as much spending per square meter as automobile parking (Lee and Marchl2@tBan
areas, a significant portion of retail custers arrive by walking and cycling (TA 202A03tudy of
customers to urban retail businesses in Toronto, Canada f¢8mihbinski 2009):

1 About 9®% of patrons arrive by walking, cycling or public transit.
Patrons arriving by foot and bicycle visit the moften 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 occupi

= 4 & -

The reduction in oBstreet parking supply from a bike lane or widened sidewalk could be
FOO2YY2RI (SR XtyeetinthBipal pedEing®es. 2 ¥ F

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

This indicates thani many situations, walking and cycling improvements are cost effective
investments that support local economic development, particularly if implemented in conjunctiof
with complementary transport and land use improvements
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Active Transport Impacts on Business Activity
The following studies evaluate how pedestrian and cyclingsaeffect retail activity.

ACA (2013)Jnited States Bicycle Route System Economic Impeat¢enture Cycling Association
(www.adventurecycling.ong atwww.adventurecycling.org/routeand-maps/usbicycleroute-system/benefits
and-buildingsupport/economiecimpact Great source of information on cycling economic benefits.

CATSIRCalifornia Active Transportation Safety Information Pagés3e Studies: Complete Streets
(http://catsip.berkeley.edu/walkbikesafer/Complete%20Streets

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

Gary Hack (2013Business Performance in Walkable Shopping AvsetéveLiving Research
(http://bit.ly/1BWXNTtp). Indicates thatwalkingimprovementstend to increase commerciaktivityand land values

T. FlemingS. Turner and L. Tarjomi (2013), Reallocation of Road Space, Researth30NZ Transport Agency
(http://bit.ly/IKHRDD}. Comprehensive study found sales increasgth more multtmodal street planning.

CABE (2007Raved with Gold: The Real Value of Street DeSigmmission on Arctétture and the Built
Environment www.cabe.org.uk atwww.apho.org.uk/resource/item.aspx?RID=9234Aows how good street
designcan provideeconormic benefits and public valu@ypicalstreetimprovementsincrease property values 5%.

Marc Schlossberg, John Rowell, Dave Amos and Kelly SE2068),Rethinking Streets: An Evideri8ased Guide
to 25 Complete Street Transformatighniversity of Orego (Www.rethinkingstreets.com

Fred Sztabinski (200Bike Lanes, Gh i NBSG t F Ny Ay3 yR .dzaAaAySaa ! {i
NeighbourhoodThe Clean Air Partnershiwww.cleanairpartnership.ong at http://bit.ly/1CS7kDk Found that
most Toronto commercial street customers arrivewglking, cycling or public transiénd that improving
pedestrian and cyling facilities can support local economic development, even if it reduces parking supply

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

Kyle Rowe (2013RBikenomics: Measuring the@&omic Impact of Bicycle Facilities on Neighborhood Business
Districts University of Washingtonttp://bit.ly/1IEHA4TTp. Reviews researchconcerningpicycle facility impacts on
local economic activitySurvey findsubstantial (up to 400%) increasedacalsales after bicycle lane installation.

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

NYCDOT (201Measuring the Street: New Metrics for 21st Century Stréégsv York City Department of
Transportation(www.nyc.gov/html/dot/downloads/pdf/201210-measuringthe-street.pdf. City usesndicators of
economic vitality (sales receipts, commercial vacancies, humber of visitors) when evasti@@igmprovements

Lus Rodriguez (2010PedestriarOnly Shopping Streets Make Communities More Liy&idaetizen; at
www.planetizen.com/node/47517Discusses pedestriannly commercial streets. It describes various sgeses.

Ray Straatsma and Tom Berkhout (20Bi§es Mean Business: Building A Great Cycling (And Walkingp@itger
Victoria Cycling Coalitiohtfp://bit.ly/IwhgNeo). Downtown survey found thabnly 23%of downtowncustomers
arrived by automobil@ndthey tend to spendless pemmonth than those who arrive ypother modes
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Costs
Various costs associated witbmmotorizedtransportation are discussed belofwor more
information seeBushellget al. (2013).

Facility Costs

Costs for Pedestrian and Bicyclist Infrastructure Improvements: A Resource for Researchers,

Engineers, Planners, and the General P(Blishell, et al. 2013RBicyclepedia

(www.bicyclinginfo.or¢bikecosf and the report Guidelines for Analysis of Investments in Bicycle
FacilitiegKrizek et al. 2006) provideinformation on the costsof facilities such apaths, bike

lanes, intersection improvements aicycle parkingThe table belovsummarzes some of these

costs although more specific cost data should be used when availBbkeh cities typically spend

eMtoeHp Fyydzfte LISNI OFLAGE 2y Obubfcikeaseycling OAf A (A S3
activity Fietsberaad 2008)

Table 12 Typical Facility Costs (FDOT 2003; Zegeer, et al 2002; Krizek, et al. 2006)
Measure Typical Costs (2000 U.S. Dollars)
Bike lanes $10,00050,000 per mile to modify existing roadway (no new constructio

Bicycle parking $50-500 per bicycle for racks drockers

Center medians $150200 per linear foot

Curb bulbs $10,00020,000 per bulb

Marked crosswalk $100-:300 for painted crosswalkand $3,000 for patterned concrete.

Path (5foot asphalt) $30-40 per linear foot

Path (12foot concree)

$80-120 perlinear foot

Pedestrian refuge island

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

Sidewalks (5oot width)

$20-50 per linear foot

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 for landscaped circle on asphalt straetl$6,000 on concrete

street.

This table summarizes examplesaofivetransport facility costs. Of course, costs may differ
significantly from these values depending on specific conditions.

Vehicle Traffic Impacts

Some noAmotorized improvements caocausevehicle trafficdelays. For example, traffic calming
and speed reductiongonvertingtraffic lanes to bike lanesr wider sidewalks, and more
pedestriars and bicyclisterossing roadwaysan reducevehicle travekpeeds. Similarly,
converting parking lanes to bike lanes or wider sidewalksednce the ease of findingarking
space

Evaluation methodsfhese costs can bestimated using the methods used to calculate other
congestion delys, as described earlier in this repothese costs may be part¥fset by direct
benefits to motorists (traffic calming and speed reductitersd to reduceautomobileaccident
risk), and indirect benefitd walking and cyclingnprovementscausemode shiftsfrom drivingto
alternative modeswhichreduces vehicle traffic and parking congestion.
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Equipment and Fuel Costs

Walking and cyclinmayrequire extraequipment and fuelFunctionalkhoes typically cost $100
per pairand lastabout 1,000 milegaboutayear of nornal use), or 10¢ pewalk-mile, although
marginal costare often small since consumers often replace shoes beforg thear out A $30
bicycle ridden 300 annuamilesneedsabout $100 annual maintenance and lasts 10 yeatsch
averages aboub¢ per mile cycledValking and cyclingequire food for fuel, which igostlierthan
gasoline per calorie, but the aroots are generally small (a 1p@und person burns 80 calories
per mile walled, about the energy imslice of bread, antiaf that when cycling), and most
people enjoy eating and consume too many caloliiesyhich caséncreasel energyconsumption
is a benefit rather than a cost.

Evaluation methodsiValking and cyclingquipment and fuel costsan be estimated based on
typical shoe, bicycle and food cos&ince nanypeoplehaveunderusedshoes and bicyclahe
incremental cos of increased walking and cycliage often small Since thisnalysis is not
standardized, it is importartb specify assumptions

User Travel Time Costs

Travel time i®ne of thelargesttransportation costs, and sinagalking and cyclingend to be

slower than motorized modeshey are sometimes considerédefficientand costly However,

this is not necessarily trudleasured dooito-door, activetravelis oftentime competitivefor

short trips: for walking up to a hathile, which represents alut 14% of total personal trips, and

for cycling up to three miles, which represents about half of total trips (Dill and Gliebe 2008;
Litman 2010. Transpat planning that improves pedestrian and cycling connectivity, and land use
planning that creates more compact, mixed development increases the portimipsfor which
activemodesare time-competitive

Travel time unitosts(cents per minute or dolta per hoursyary significantly depending on
conditions and preference® ¢ NI @St ¢ AYS |/ Mackiea et . 2§®AUNGET Y H AN DT
favorable conditionsvalking and cycling timkaslow or negativecosts;usersconsideredime
spent on this activity benefit rather than a cosbecause it is enjoyabkend provides exercise
whichreducesthe need to spend special time exercisiaguserswill choose these modes even if
they take longer than drivin{Bjorklundand Carlén2012 Standen 2018 Because w&ing and
cycling are inexpensiveavel modes their effective speedtravel time plus time spent earning
money to pay for transport) is often faster than drivifiganter 2004) These factors are highly
variable A person may one day prefer walking andtoer day prefer drivinglf people have high
gualitywalk and cycling conditiorthey can choose the mode they consider best overall, taking
into account all benefits and costs.

Evaluatingimpacts:Various methods can be used to measure the valsgr phce on theitravel
time @ ¢ NI @St ¢LEMAS2009Btanidien 2048 Travel timds generally valuedt80-50%
of prewailing wages, witthower values under favorable conditionand higher values under
unfavorable conditiondf peoplechooseactivemodes in response to positive incentives
(improved walking and cycling conditions, or financial rewsptldey must be better off overall
(increased consumer surplus), even if their speeds decline.
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Benefit and Cost Summary
Tablel3 summarizepotential adive transport benefits and costs

Table 13 Summary of Active Transport (AT) Benefits and Costs

Impact Category

Improve AT Conditions

Description

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 and health

Improved publiditness and health

Reduced Vehicle Travel

Benefits from reduced motor vehicle ownership and use

Vehiclecost savings

Consumer savings from reduced vehicle ownership and use

Avoided bauffeuring

Reduced chauffeuring responsibilities 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 speeaisd volumes

Roadway cost savings

Reduced roadway construction, maintenance and operating costs

Parkingcost savings

Reduced parking ptdems and facility cost savings

Energyconservation

Economic and environmental benefftem reduced energy consumpti

Pollution reductions

Economic and environmental benefits from reduced air, noise and vpatiéution

Land Use Impacts

Benefits from support for strategic land use objectives

Pavement area

Can reduce road and parking facility land requirements

Devebpment patterns

Helps create more accessible, compact, mjxefill development (smart growdh

Economic Development

Benefits from increased productivity and employment

Increased productivity

Increased economic productivity by improving accessibilityraddcing costs

Labor productivity

Improved access to education and employment, particularly by disadvantaged
workers.

Shifts spending

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

Support specific industrie

Supportspecific industries such as retail and tourism

Costs

Costs of improving active mode conditions

Facilities and programs

Costs of building nomotorized facilities and operating special programs

Vehicle traffiampacts

Incremental delays to motor vehicteaffic 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
Improved Active

Increased Active

Reduced Automobile

More Compact

Travel Conditions

1 Improved user
convenience and

Transport Activity

Travel

1 Reduced traffic

Communities

Potential User eniovment ) T Improved accessibility
Benefits comfort T 1oy ] congestion particularly for non
1 Improved flimproved public ' Road and parking facility ~ drivers
il fit health i ;
ggcessmllgy ;or non tness and hea cost savings 1 Transport cost savings
rivers, whic flIncreased { Consumer savings
supports equity community cohesion 1 Reduced chauffeurin TReduced sprawl costs
objectives (positive interactions burders 9 | f1Openspace
{ Option value among neighbors preservation
due to more people | Y Increased traffic safety :
1 Supports related ki | P | P _ fMore livable
industries (e walking on loca 1 Energy conservation communities
i 9. streets) which tends uti i h |
retail and tourism) to increase local 1 Pollution reductions T Higher property valug
1 Increased security security 9 Economic development|  Improved security
. 1 Equipment costs
Potential . i
Costs 1 Facility costs (shoes, bikes, etc.) 1 Increases in some

9 Lower traffic speeds

9 Increased crash risk

1 Slower travel

development costs

Activetransportcan havevarious benefits and costs.

Not all active tansport improvements have all these impacts, but most have mdasous
factors can affect the magnitude of these impacts:

1 The demand for walking and cycling activity, including latent demand (additional walking and
cycling trips that peple would make \ith improved nonmotorizedconditions).

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

1 The degree that impacts affect physically, economically or socially disadvamegple,and
therefore affect social equitylijectives, such as providing basic mobility for tulsivers or
improving accessibility for people with disabilities and low incomes.

1 The amount that physical activity and fitness increase among sedentary people.

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

1 The impacts oraind usedevelopment patterns, and the value that a community places on more
compact, mixed, accessible despinent.

9 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¢buas more efficient road,
parking, insurance and fuel pricing), and smart growth land use policies.
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Tablel5 illustrates a matrix that cahe used to summarize the impactand benefits of a

particular NMT policy or projecFor example, to evaluate sidalk 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 itstrategic
easier or safer? activity increase? decline? planning objective®

Describe impaci

How much

Who is affected
Fill in thistable to help summarize the impacts and benefits 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 values many of these imacts, measured
in milsper passengemile (one-thousandth of a dollgrmeasured $0.000 Theseare based on
valuesdescribed irthis report, andfrom Transportation Cost and Benefit Anagtiitman 2009).
Where possible hHesedefaultvalues should bedjusted to reflect specific conditions

Improved Active Travel Conditions
Table 16 summarizeglirect benefitsthat resultfrom walking and cyclingnprovements These
values are multipliedmes the number of persomiles 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,
$0.29) $0.29) $0.29) $0.250 | the greater this value.
Option Value $.035 $.035 $.035 $.035| Half ofdiversity value
Equity Objectives Half ofdiversity valueHigher if g
project significantly 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 valugagasuredn cents per mile of travedf increased
walking and cycling activity. Higherdwas 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 $0.500 $0.50 | facilities attract atrisk users.
Fitness and health Benefits are larger if cycling
Qycling $0.2M $0.2M $0.2M $0.2@ | facilities attract afrisk users.

This table summarizes thetenatedfitness anchealthvalue of increased walking and cycling activity.

Reduced Automobile Travel

Tablel8 summarizes typical benefit values, in cents pfucedmotor vehiclemile, including
automobile travel shiftedo activemodes, andany addiional vehicle travel reductions that result
if improved walking and cyclirgpnditions helps createore compactaind mixed land use
development

Table 18 Typical Values i Reduced Motor Vehicle Travel
Impact Category Urban Urban Rural  Overall Comments
Peak Off-Peak Average
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 LIY
DNJA @Bmen & $0.700 $0.600[ $0.500 $0.580 | value.

CongestionReduction | $0.200 $0.050| $0.010 $0.068)
ReducedBarrier Hfect | $0.010 $0.010| $0.010 $0.010
RoadwayCost Savings |  $0.050 $0.050] $0.030 $0.04

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

EnergyConservation $0.030 $0.030] $0.030 $0.030

Pollution Reductions $0.100 $0.050, $0.010 $0.044

This table summarizdabe estimated benefitsfaeduced motor vehicle travémpacts are
YSIF&adz2NBR Ay aYAfaé ol GK2m&l yRGK 2F | R2ft € NbO L
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Land Use Impacts
Table19 summarizes variousenefitsto communities if increased walking and cycling, and
associated reductions in automobile aership and motor vehicle traffic, help create more
compact, mixed land use development, whielducessprawtrelated costs.
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Table 19 More Walkable and Bikeable Community
Impact Category Urban Urban Rural Total Comments
Peak Off-Peak
ReducedPavemert 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 improvementsusglimpervious
surface area and encourage more compact, mixed land use development patterns

Active Transport Costs
Table ® summarizes typical costs of improving Ammtorized conditions and increasiagtive

travel.
Table 20 Typical Values i Walking and Cycling Costs
Impact Category Urban Urban Comments
Peak Off-Peak Rural Average

Facilities andPrograms Highly variable.

VehicleTraffic Impacts Highly variable.

Equipment Depends on assumption, such
whether foad consumption is a

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

TravelTime Highly variable depending on
conditions and user preference

AccidentRisk 0.083 0.083 0.083

This table summarizes potentedtivetransport benefits and costs.
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Evaluating Specific Active Mode Improvements
This gction describes examplesaiitive transport projecévaluatiors.

Pedestrian Facility Improvements (Sidewalks, Paths and Crosswalks)

Pedestrian improvementtend to benefit existing and newsers, increase walking activignd
mayreduae driving.Pedestrianscancomfortably share roadspace with motor vehiclesere

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

Pedestrian facilities tend tbave network effectsso benefitancrease as the network expands. A
short, isolated length of sidewalk may provide minimal benefit, while a link that connects two
otherwise isolated sidewk networks or provides a shortcut (such as conimggiwvo cul de sacs)
can provide large benefitRedestrian improvements can have leverage effects: increases in
walkingcause proportionately larger reductions in vehicle tra¥ar exampleGuo and
Gandavarapu(2010)estimatethat completing thesidewalknetwork ina typical U.S. town would
increase average per capigativetravel 16% (from 0.6 to 0.7 miles per day) and reduce
automobile travel 5% (from 22.0 to 20.9 vehiatéles), or about 10 miles afeduced VMT for
each mile of increased walking

Sidewalks usualiyncreaseadjacentproperty valuedy improving acceg®effer 2009PBIC 2009)
but this reflectsonly aportion oftotal benefitssince norresidents also benefit from improved
access andeduced drivingso total benefits are likely to be much greater th@operty value
changesndicate(Clarkand Daves 2009)

Factors affecting pedestrian facility improvement benefits

Magnitude of improvement
1 Whetherit significantly improves pedesan conditionsandwalking is otherwise difficult.

Demand

1 Number ofpotential users, includingouths people with disabilities dow incomes, seniors,
dog owners, and people who want ealk forexercise.

M Connects important destinations such as schdmlisinessestransit stopsand parks.

Supports special planning objectives

1 If locatedin acommercial or resort areavhere walkability supports economic development
1 Whether it includes universal design to improve mobility for people with disabilities.

1 Ifitincreassphysical activity by othevise sedentary people

Network and syneetic effects

1 Whether it conectsto alargepedestriannetwork (other sidewalks and paths)
1 Whetherpart of anintegrated program to improve alternative modaad supportsmart 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. Su@nhancenents benefit existing and new users, can incesagcling 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 sufficiently wide and
smooth, many people are reluctant toatg without special facilitiesncreased bicycling tends to
improve public fitness and healtBince some physically and economically disadvantaged people
depend on cycling, bicycle facility improvements can provide option and equity value.

Using econona 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 slower, and bieesdits
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 effecss 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 énefits.

Factors affecting bicycle network benefits

Magnitude of improvement
1 Whether bcatedon or parallelto a busy roadway whereyclingis otherwise difficult.
9 If a missing link that caorects sections of the cyclimgtwork.

Demand

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

1 Connects important destinations such 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

1 Connects to a largeyclingnetwork.
1 Is part of an itegrated program of to improve alternative modasd support smart growth
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Active Transport Education and Encouragement Programs

Education and encouragement programs help overcome barriers to walking and cycling
(ignorance, social stigma, a habit ofuilng), increase use of these magland reducemotor

vehicle travelSuchprograms tend to have synergistic effects with facility improvements. On the
other hand, education and encouragement programs can fail or increase risk if walking and cycling
conditions are poor.

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 adfabiting.

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

1 Community support Whether it attracts support fromsports and recreation, school, public
health, transportation, businesseighborhoodand environmenthorganizations.

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

Supports special planning objectives

1 Whether locatedn an area, such as a city or resort comntynivherereductions in automobile
travel can provide large benefifsuch as reduced traffic congestion and parking problems)

1 The program targets people who are sedentary and overweight, and so benefit significantly
from more active transport

Networkand synergetic effects
1 Whetherpart of an integrated program to improve and encouraggivetransport.
1 Whether ithelps build broad community support for active transportation.

Public Bike Systems

Public Bike SysteniBBS, also calldgike Sharingnd Community Bike Programgrovide
convenient rental bicycles intended for sh@iss than 5 kilometeyutilitarian urban tripsA
typical Public Bike System consists of a fleet of bicycles, a networlkofomatedstationswhere
bikesare stored and bike edistributionand maintenance programBikes may be rented at one
station and returned to anothetJse is ffee orinexpensive foshort periods (typically first 30
minutes) Thisallowsurban residents and visitors tuicycle withoutneeding topurchase store
and maintain &ike.

Public bikes tend to benefit users directly, by providing convenient and affordable transport and

recreation They can provide additional benefits ingreasng cycling activity and substitute for
automobile travel (either aloner in conjunction with public transit).
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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 Numberof people who are likelyo use the services
1 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 imahite
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 appietivetransport
(Litman 2001 Seelensminde 20QMacMillen,Givoni andBanister2010). The fdowing 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.g., 46 trips shifted daily). Using a 7% discountaagz 20 years, this represents a present
value of about $100,000. This indicates the capital investment that could be justified for such a
facility. Total benefits are probably much greater than estimateddusesome potentially large
impact are not mongézed 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

Benefits Per Mile Total

Congestion Reduction $0.02 $200
Roadway Cost Savings $0.05 $500
Vehicle Cost Savings $0.20 $2,00¢
Parking Costgassuming 4mile average trip length) $1.00 $10,00(
Air Pollution Reduction $0.05 $500
Noise Pollution Reduction $0.03 $300
Energy Conservation $0.04 $400
Traffic Safety Benefits $0.04 $400

Tota $1.43 $14,30(

This table indicates monetized benefits of 1,000 nsitefted from motorized tactivetravel under
urban offpeak conditions. Since many benefits are not monetized, total benefits are probably
larger.

A higher substitution rate would provide greater benefits. Applying the 1:7 substitution rate
indicated ealier in this report (each nomotorized mile substitutes for seven motor vehicle

miles), would mean that benefits average about $10 per trip and $100,000 per year. These larger
benefits are likely to occur ifneactive modefacility is part of an overafirogram 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 employment sites), roadway
design, traffic management and parking managemestwell asactivetravel 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 trips5883Bnon
commute trips each day. In this case up to $280,000 could be spent for each percent of commute
trips, and $365,365 for each percentage point of roommute trips shifted from driving tactive
travel. Annual investments of up to $3.2 million abble justified for a bicycle improvement and
encouragement program that causes @aint shift from driving to cycling, and more taking into
account additional, unmonetized benefits. Applying the 1:7 substitution rate would mean that
benefits exceed $39 peommute trip and $20 per neoommute trip. These larger benefits are
likely to occur if the cycling program is part of a comprehensive mobility management 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 Urban OffPeak
Benefits per trip $5.60 $2.86
Calculation 20,000 x 80 x $5.60 x .0] 35,000 x 365 x $2.86 x .0
Totals $280,000 $365,365] $645,365

This table shows the estimated annual benefits from eachpoig shift from automobile to
bicycle travel, considering only monetized benefits. Total berea#it 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 normotorized commutingif they have average daily

round-trip travel distances of 5 miles, $5.00 per day parking costs, and 240 annual work days. This
program provides $210,000 in monetized benefits, plus additional benefits from improved health
and enjoyment, and other unmonetizeabefits. This indicates the level of program funding that
could be justified. As described above, benefits are larger if the increadsetravel leverages
additional reductions in motorized travdbr example, if some households reduce their

automobik ownership.

Table 23 Commute Trip Reduction Program Benefits
Benefits Per Mile Per Commuter Total Daily
Congestion Reduction $0.20 $1.00 $100
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 shiffi 100 employees from driving &otivemodes at a typical
urban worksite.
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Examples
For more examples s&ATSIRvww.catsip.berkeley.eduanddMaking the Case for Invesant in
the Walking Environmenf\ Reiewof the Evidence 0 [ A@Ay 3 { iNBSGA& HAamMMO D

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 companel prioritize potential projects.
However, existindgpenefit-cost analysis tools are inadequate for evaluating active transport. To fill
this gap the California Department of Transportation developedAbieve Transportation Benefit
Cost CalculatofCoope and Danziger 201 6vww.dot.ca.gov/hqg/tpp/offices/eab/atp.htm). Many

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

Figure 12 Benefit-Cost Calculator Interface (Cooper and Danziger 2016)

PROJECT DESCRIPTION

Nome of Project [West Valley View MAUNImodal improvements |

The Active Transportation
BenefitCost Calculator is g

Current veor [ 2015 ]
spreadsheet model that
TRAVEL CHARACTERISTICS Increased ﬁn}ﬂ?
ot s o e e e can be used to calculate th
Existing Demand (Doily Person Trips) 20 22 Year 2015 21,900 24050 2,190 6570 . .
ces Demand 0oty penon Tl T T %] e B8] ETTCE net benefits of a pedestriar

v raso T T3 ]

Length fmiles)

PED/BIKE CRASH HISTORY
Number

hect
hudes?

of BfP
Crash Severity Crashes
5

Crash Countermeasures (Safety Improvements) inc

Ed

or cycling project. It uses
many of the concepts and
values presented in this
report.

»
z|z|z|z|z|z|z|<|z|=|z|z]|=

PROJECT COSTS

2,500.00

The Tool incorporates the following impacts:

Project costs 1 Physical fithess and health benefits from more active transpot
Changes in travel activity 9 Various savings from projects that reduce motor vehicle trave
Changes in crashes 1 Land use enefits from projects that encourage more compact
User benefits development

= =4 -4 =4

The current version incorporates some omissions and biasesrtagtinderestimate active
transportbenefits it excludes some oftetarge benefit categories, such as reduced chauffeuring
burdens and parking cost savings, based on the assumption that they are difficult to calculate, and
it applies a conventional travel time cost values that are excessive for travellers who enjoy
walking and cycling. However, the model can be adjusted to acdouttiese factors. Despite

these weaknesses, this Tool is a major contribution to active transportation economic evaluation.
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Econometric of Active Transport User Benefits (Standen 2018)

Using detailed travel surveys and discrete choice modellingstGphier Standen found that

Sydney, Australia bicycle network improvements offer substantial welfare benefits to users, in
terms of improved accessibility, comfort, perceived safety, and transport clg@wen though

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

European Cycling Benefits

The EWCycling EconomyArguments for an Integrated EU Cycling Pd¢hgun and Haubold

2016) estimates variousicycling benefits includingnvironmental benefits from reduced

pollution and impervious surface, health and safety benefits, bicycle and towtisstiry

productivity, user enjoyment, social equity, congestion reductions, road and parking facility cost
savings, social equity and community connections. FigBsifnmarizes the results. The study
identified various additional benefits that were not quidied due to inadequate information.

Figure 13 EU Cycling Benefits Summary (Neun and Haubold 2016)

' The EU Cycling Economy rep
‘ used various methods to
estimate economic, social and
environmental benefits of
cycling in the European Union
This nformation is used to
justify policies that support

Total:
€513.19 bn

cycling.
. 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 Utahcluding
government expenditures on bicydacilities user expenditures on vehicles and operation (e.g.,
food), expenditures by tourists, and reduced healthcare and absenteeism tqstsposes 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 @G@d&011)yrovides information
for professionalsflanners, engineergtc.) to accommodate, promote and support active
transportation in planningnd developmentecisions It describes reasons to supp@tive
transportationincluding public health, environmental, social/community, and local economic
benefits discusseways to incorporate activeeansportinto existing planning and policy
documerts, with handy speaking points to communicate these benefits to elected officials,
municipal departments, active transportation 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 hith impact9 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 sc(iteessna

Light Electric VehiclgsThe study also examined their infrastructure requirements and legal

status, and public policies that could support their use.

Danish Cycling Evaluation

The City of Copenhagen has developed a standardbzostfit analysis (CBA)athodology 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 kilometigy mode, i.e.
for different motorized vehicles, public
VehicleOperating Costs transportation and lgycles. Traffic counts and/or modelling
Time Costs Change irraveltime by mode. Traffic counts and/or modelling
Change in the number @fccidents with | Accident registrations, traffic
AccidentCosts and withoutbicycles involved. counts and/or modelkig.
Change in vehicle kilometrésr each
Pollution andExternalities mode oftransportation. Traffic counts and/or modelling
Change in cycle kilometrésy R~ O & { Interviews and traffic counts
RecreationaMalue statements. and/or modelling.
Health Benefits Change in cycle kilometres. Traffic counts and/or modelling
Accidentreports, interviews
Safety Change in accidemates and traffic countsand modelling
Discomfort Change in cycle kilometres. Traffic counts and/or modelling
BrandingValue Not a traffic effect. -
Value forUrban Open Spaces | Not a traffic effect. -
SystemBenefits Change in cycle kilometres. Traffic counts and/or modelling

This table summarizespecific ways tassesshe travel impacts of cycling projects.

Table & sunmarizes unit cost values used in the economic analysis. Theastgfor cars are

from the Ministry of Transportatio® official unitcostcatalogue (Transportgkonomiske
Enhedspriser). The external values for @esreported for gasoline catsmder urkan offpeak
conditions In total, cycling is estimated to have net costs (costs minus health benefits) of 0.60
Danish Kroner per kilometeHealth benefits include reduced medical and disability costs valued
at 1.11 Danish Kronor (DKK) to users and 2.K tlsociety, plus 2.59 DKK worth of increased
longevity.Car travel is estimated to have net costs (costs maduiges which are large because
Denmark has very high fuel tajesf 3.74Danish Kroner per kilometer. This would be even higher
under urbanpeak conditions due to higher congestion costs.
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Table 25 Average Costs Per Kilometre for Cycling (2008 Danish Kroner)

Internal | External | Total | Internal External Duties Total
Time Costs (nonwork) 5.00 0| 5.00 1.60 0 0 1.60
VehicleOperating Costs 0.33 0 0 2.20 0 -1.18 2.20
ProlongedlLife -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
Traffic Congestion 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 summarizamit cost values used for economic evaluation of cycling projects.

This framework was used to evaluate cycling improvement projects inclidhdJSy Kl 3Sy Q&
BryggebroerBridgeandthe Gyldenlgvsgadblgrre Sggad¥/ester Sggadmtersection

improvement which were found to provide net benefitSensitivity analyses show that the result

is robust to changes in central parametarsd input data.

British Cycling Evaluation (Rajé and Saffrey 2016)

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

Australian Active Transport Assessment Guidelines

¢KS 1 dzZadNItAFY 5SLINILIYSYyd 2F LYTFNI &GNUzOG dzNB
and Planning Steering Committee provides specific guielelior transportation project

evaluation, including active transport, as describeddustralian Transport Assessment Planning
Guidelineg M4 Active Trave]ATAP 2016). It includes monetized values for:

Improved health outcomes.

Reduced traffic congesin.

Changes in safety risk.

Changes in travel time.

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

= =4 -8 -8 -
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Queensland Active Transport Benefits (SKM and PWC 2011)
A2011QueenslandAustralia @vernmentsponsored studgstimates thatan averageound-trip
urbanbicycle commute provides $14.30 in economic benefitd apedestrian commuter
provides $8.48 worth of benefitsncluding

M Decongestion (20.7 cents per kilometre walked or cycled)
Direct kealth benefits(upto 168.0 cents per kilometre).
User ehicle operating costavings (35.0 cents per kilometre).

Road and parkingnfrastructure savings (6.8 cents per kilometre)

f
1
f
1

Table 27 Benefits Summar

Environment (5.9 cents per kilometre).

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 disutility or increased cq@810 Australian Dollars)

Active Transport Evaluation (MacMillen, Givoni and Banister 2010)

Ina study titled The Role Of Walking And Cycling In Advancing Healthy And Sustainable Urban

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

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

GKS LINRP2SOGQa OF LA ( letpenbegiRredsaf Qafis of Bhedntl Ibss @ RIS NI (A y 3
carparking space<stimated lenefits includel improved public fithess, reducedhffic

congestion, increased journey ambien@eore enpyable travel experiencgndgreenhouse 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 Agefmonomic Evaluation Manuatovidesspecific procedures for
evaluating walking and pedestrian improvements. It applibsrefit factor of $2.70/km to new
or saferpedestrian tripsand$1.45km for newor safercycling trips (NZTA 2010, Vol. 28(.1).
Before-and-after research measures how specific types of-nootorized 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 theNational Association of City Transportation Offigiglguitable Bike Share Means
Building Better Places for People to Rigaluated the relationships between bicycle facility
development, cycling activity and badg crash rates. It found that:

1 When cities expangrotectedbike networks, more people bicycl8tudiesof North American
cities indicate thasuch facilitiesncrease bikeidershipon those streets by 21% to 171%.

1 Cycling becomesafer as cities buildditer bike lane networkdn five of the seven U.S. cities
NACTO surveyed, the absolute number of bicyclists killed or severely injured declined from
2007 to 2014espiteincreasedccycling Even in cities wherdicycle casualtiemcreasedhe
increases whre smalleithan the increase in bicycliragtivity.

I 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 fatiity rate 30% and 23% higher than white bicyclists, respectively. Building extensive
protected bike lane networks benefits those who are most at risk.

1 Approximately60% of people surveyddNBE a Ay i SNB&EGSR odzi O2y OSNY)y SR
would bike with higler-comfort 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 color are more likely than white Americans to say that adding protedted b
lanes would make them ride more.

1 Bike share systems should be matched with protected bike lane networks to encourage
ridership and increase safetiyeople on bike share bikes make up a disproportionate number
of the riders on protected lanes, and statis adjacent to bike lanes are busier than ones that
are not. For bike shamgto be successful, people need to feel comfortable riding.

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

f alyRFG2NE | Rdz & KStYS{O I 6a NBRdMefdaworg { S NA RS NE
adult helmet laws haveaduced 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, reports from 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 Administragwaduced a comprehensive evalion of its

Nonmotorized Transportation Pilot Progratiat assessed theJNR 3 Nbsté, @dvel impacts and
benefitsbased ortravel survey dataThe program invested about $100 per capita in pedestrian
and cycling improvements in four typical communities (Columbia, Misddarin County, Calif
Minneapolis area, Minnesota; and Sheboygan County, Wisconsin), which caused walking trips to
increase 22.8% and cycling trips to increase 48.3%, mostly for utilitarian puyphsescreased
recreational and exercise activitgtudes also founetvidence oflower driving speedand safer
conditions for pedestrians and bicyclistisestimated health and environmental benefits

including quantities of fuel savings and emission reductions
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Active Transport Performance Indicators (Semler, et al. 2016)

TheGuidebook for Developing Pedestrian and Bicycle Performance Measumnésnded to help
communitiesdevelop 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, and impacts can be measured and elasumow

0KSaS YSIadaNBa NBtFdS G2 321t a4 ARSYUGAFASR Ay |
impactscan be tracked and what data are requiratd identifiesexamples of communities that

are currently using thee indicators This report highligis resources for developing measures to

facilitate high quality performance based planning.

Cycling Improvement Economic Evaluation

Foltynovéand Kohlova (2007), anaigd impacts of improved cycling infrastructure owycling
activityusnga stated prefeencessurvey to determinevillingness to bicycle iresponse to
variouscyclingimprovementsin the city of PilsenCzech Republi€onsidering justlirect health
and air pollution reductiomenefits the cycling facility improvements are not consideredtco
effective.

Bicycle Improvement Benefit/Cost Analysis (Gotschi 2011)

This studyassessd how Portland Orego2 & 0 Aild@sthenisyéainpare with its estimated
benefits Bicyclingactivity isestimated using past trends, future mode share goals, amdffic
demand modelThis analysis indicates that B940, $138 to $605 millioim total investments will
provide$388 to $594 millionn estimated healthcare benefit$,7 to $12 billiorin reduced deaths,
and$143 to $218 milliorin fuel savingsThe baefit-cost ratiosare positive, and very large when
reduced deaths are included

Grabow, et al. (201lgstimatedthe value of improvedhealth fromreduced local aipollution
emissions and improved public fitneég$0% of Bort trips were made by bicyelduring summer
months in typical Midwestern U.S. communitidgross the study region of approximately 31.3
million people mortality is projected todecline by approximately 1,1Ghnualdeaths providing
benefits estimated to excee#i7 billion/year.

Evaluating Rail Station Walking and Cycling Investments (METRO 2016)

The report,Metrorail Station Investment Strate@stimates that $13 million invested by the
Washington DC in pedestrian and cycling facilities around Metro rail stations provides $@4 mill

in benefits including travel time savings and reduced crashes, based on methodologies described
in the TIGER Benefost Analysis Resource GUdSDOT 2015).

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

Thestudy,Valuing. A O & £Hcdnghic@nd Health Impacts in Wiscoastimated the economic
value of bicycling in the statef Wisconsinincluding economic activity from bicycle
manufacturing and sales ($593 million), tourism and recreational value ($924 million), health
benefitsof increased physical activity ($320 million) and pollution emission reductions ($90
million). Total estimated benefits average about $360 per resident. The study also investigated
factors that affect cycling demand.
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Colorado Economic and Health Benefits of Cycling and Walking (BBC 2016)

Economic and Health Benefits of Bicycling and Wal(lBBg 2016) estimatethat bicycling and
walking provide approximately $4.8 billion annual benefits in the state of Colpeaba 60%
increase in walking and cywjj activity could provide an additional $1.5 to $2.3 billieorth of
health benefits It usesvarious sources to estimate walking and cycling activity in Colorado,
including participation in special walking and cycling events, visitors who use these,randes
other benefitanalysis methoddHowever, the study methods are incomplete and biased.

¢ KS & dzR @& Qits artmlys® Snly @ongidsry dirdct crash reductions from improved
pedestrian and cycling infrastructure biatls tol O 02 dzy i T& NA yi KB dz¥i & § NE i
through which increased walking and cycling activity tends to reduce total per capita traffic
casualty rates in a community by reduciogal automobiletraffic, reducing higkrisk drivingand
increasing driver awarenes3acobson @03; Murphy, Levinson and Owe2017). Health benefits
are estimated using thelealth Economic Assessment TOHO 2014), whiciMansfieldand
Gibson(2015)arguecansignificantly overestimate health beneflhy using static assumptions
about mortality rdes as people agdut on the other handwalking is a particularly appropriate
way for people who are currently overweight and sedentary to become more physically active,
and somay provideadditionalhealth benefis thanconventionaimodelk assume.

As with many economic impact studiéstended to promote a particular industry, it incorrectly
treatswalking and cyclingxpendituresas abenefit. For exampleit would bewrong toassume

as they dothat purchasing an imported bike f&700 wholesaleandthen selling it foi$1,000
creates$1,000in economic benefiin Coloradg at most, itcreates$300 net revenuebuta more
accurate method measura®et productivityand employmengainsusing a regional economic
model.Probably the greatest truactive ransporteconomic benefit is the ability of pedestrian
and cycling improvements to allow households to reduce their vehicle ownership and use, and
therefore shift their spending from vehicles and fuel toher goods with more regionahputs;

most consumepgoods create five to ten times the regional employment and business activity as
vehicles and fuel.

This studyfocusesexcessivelpn special walking and cycling events, and gives too little
consideration taresource savingand benefitgprovided by shis frommotorized to non
motorized modesincluding consumer savings and affordability (savings to lmoeme
households)congestion reductiongpad and parking facility cost savings, gadlution emission
reductions,and so significantlunderestimaes total benefitsOverall, this study fails to reflect
best practices for comprehensive evaluation of active transportation benefits.

Portland Regional Active Transportation Plan (CH2M Hill 2013)
t 2 NI f | Y RMetrd ReBicha cfv@ TransportatioraRincludes a separate report which
R

SA0ONROSE YR 6KSNB LRaaA0t S BerafitoftdgbriednSuile: K $

w LYLINRGSR I 00Saa G2 RSalAyliGAzyao

w LYLNROGSR al FSdG& F2NJ Itf dzaSNaZ NBIF NRf Saa
w Ly ONXE |oél&nincam®, sindrity, horwhite, nonEnglishspeaking, youth (under 18),
disabled, and elderly (over 65) populations (Equity).

STFSC

t £ F

2F% I3

w LYONBlFasS (KS ydzYoSNI 2F GNRALA YIRS o6& ¢ltlAy3d ty

wdflJLI2 NI F2NJ GKS N Bbjedtiye® and its atity prévilld sPnerigitic bénefits
includingachievinga cultural shifthat responds to latent demand fdaicycling and walking.
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Pedestrian Improvements for Economic Development

A study titled,The Relationship Between Petliegn Connectivity and Economic Productivity in

I dzO1 t I Y R Q a(Rohadniiald Lawseyicé Rdyestigated the value of walkability
(pedestrian connectivity) to the Auckland, New Zealand econdiing.study used quantitative
analysis to measure the ctiibution that walkability makes toward agglomeration efficiencies in
commercial centers by facilitating fate-face interactions that increase knowledge generation
and sharing. The studgund statistically significant positive associatdetween pedefrian
access and labour productivity, and conclstieat commercial centewalkabilityimprovements
cansupport economic development.

Justifications for Improving Cycling Conditions (Balsas 2017)

Thearticle, f SYRAY 3 LYRADARdzZ f Resonsibdity in the Ihpleinéntadd S Ny Y Sy
of US Nofmotorized Transportation Planning (NM@ygues that public safety, health and fairness

justify more efforts tocreate safe, accessible, convenient, comfortable, and attractive walking and

bicycle facilitiegor everyonelt identifies a variety of conceptual, institutional and planning

reforms needed by individuals, practitioners and agencies to achieve these goals.

Comparing Automobile and Cycling Cost in Copenhagen (Goéssling and Choi 2015)

The study Trarsport Transitions in Copenhagen: Comparing @ost of Cars andBicycles
compared total costs of automobile and bicycliibe analysis reveals that daavelis more than
six timesmore costly(Euro 0.50/km) than cycling (Euro 0.08/krahddrivingcosts arelikely to
increase in the futuravhile cyclingcostsappear to be declining.

Neighborhood Design and Health

The study projectiNeighbourhood Design, Travel, and HegdRtank, et al. 2010), describes
various factors that affect walkabilityyays b measurehose factors, and the impacts of
neighborhood walkability on per capita automobile travel, physical activity and fitness in the
Vancouver, BC metropolitan region. The results indicate that:

9 Adults living in te 25% most walkable neightimods wak, bike and take transit-3 times
more, and drive aproximately 58% less than those in m@uto-orientedareas.

1 Residents in the most walkable areas, with good street connectivity and land use mix, were half
as likely to be overweight than those in tleast walkable neighborhoods.

9 Living in a neighbourhood with at least one grocery store was agedaiith nearly 1.5 times
likelihood of getting sufficient physical activity, compared to anei@hout grocery stores. &h
additional grocery storewitha 2] Af 2 YSGSNJ RA& Gl yOS FTNRBY |y AYRAGJA
associated with an 11% reduction in the likelihood of being overweight.

1 More walkable neighborhoods havessozone butmore nitric oxidepollution, so impacts are
mixed overall Some neighborhats haverelatively high walkability and low pollution.
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Recommendations for Comprehensive Evaluation

As this report discusses, conventional economic evaluation tendgrisider a limited set of
active transport benefits, and gends toundervalueactivetransportimprovements (Rajé and
Saffrey 2016Semler, et al. 20)6Most communities that invest significantly activetravel, such
as Davis, California and Eugene, Oregorsadwithout formal benefit/cost analysipolicy makers
intuitively realized hat activetransportcanprovidemuch greater benefits than conventional
planningindicates(Buehler anl Handy2008). Now that these networks are mature, residents of
these cities enjoy substantial benefits, including consumer cost savings, parkinguiogs sa
accident reductions, improved public health, reduced pollution, and stronger local economies.
More comprehensive economic evaluation may help other communities recognize these benefits
and therefore overcome the political and institutional barriesdmprovingactivetransport.

Below are guidelinefor comprehensivectivetranspat evaluation

1 Recognizéhe manyroles that walking and cyclir@anplay in an efficient transpt system,
includingbasicand affordablemobility, acces$o motorizedtravel exercisegnjoymentand
tourism.

1 Use comprehensive travel surveys that countaativetravel, including norcommute trips,
automobile and transiaccesgrips, and recreational walking and cycling activity.

1 Consider totahctivetravel demand, inkeidingfactorsexpectedto increase future demands
such as aging population, rising fuel prices, increased urbanization, and rising health and
environmental concernsAlso considelatent demand and therefore the increased walking
and cycling activity thatvould result from improved walking and cycling conditions

1 Consider network and synergistic effects. Evalatitve modemprovements as an
integrated program that includes facility improvements, traffic calming, encouragement
programs and demand managemt strategies, rather than evaluating each project or
program individually.

1 Consider all categories of benefits from improved and increaséigietransport, including
improved mobility for nordrivers, consumer savings, user enjoyment, health benefits,
congestion reduction, road and parking cost savings, energy conservation, emission
reductions,increased economic developmeratnd support for efficient land use development.
Do not limit analysis to just the benefits traditionally considered in motorizaalsport project
evaluation.

1 Use appropriate methods for measuring economic impacts, which measure overall net impacts
on economic productivity and incomes. Do not simply treat consumer expenditures on walking
and cycling equipment as economic benefits.

f Consideractive(i NI y & LJ2 Ndiefiekts dn SufbSdblle Bwnership and use; in appropriate
conditions,each additional mile of walking and cyclicenreduce 510 miles of automobile
travel, particularly if pedestrian and cycling improvements reduce awtaoife ownership or
help create more compact communitieBhiscansignificantly increase benefits.

9 Consider all funding sourcealalking and cycling programs should receive substantial funding
from both transportation and recreational funding sources besggactivetransport provides
both transport and recreational benefits.
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Criticisms
The following criticisms are sometimes raised against claims efmmdorized benefit analysis.

Inferior Good i Declining Demand

Peoplesometimesargue thatactivetransportation is aninferior good that is, as people become
wealthier they shift from normotorized to motorized transport, so investmentsdotive mode
facilities is wasteful and efforts to encouragetivetravel is either futile or harmful to consumers.
Although it is true that as people shift from poverty to a riédel income they tend to shift from
non-motorized to motorized travel, further increases in wealth do not necessarily reduce walking
and cycling. Many highéncome cities and countries havela&vely high valking and cycling

mode share. gtivities such as bicycle commuting and neighborhood walking appear to be popular
among highetincome people, provided that conditions are favorable (good cycling facilities,
walkable neighborhoods, etc.).tlfis is true theractivetransport is not an inferior good in areas

with good walking and cycling conditions, so improving such conditions is efficient and responsive
to consumer demands.

Slow and Inefficient

Critics sometimes argue that, sinaetivemodes are slower, they are inefficieras discussed in

the Costssection of this reportWhile it is true that walking and cycling aren slower than
automobile travel, they have an important role to play in an efficient transport syskaproving
walking and cycling conditions can contribute to time and money savings that increase efficiency.
Walking and cycling are the most efficient modes for shdrips, which often support motorized
travel, for example, by allowing motorists to walk from vehicleglestinations, or to walk rather

than drive among various destinations located close together, such as various shops in a
commercial center. Improvements, such as pedestrian shortcuts and better roadway crossings
improveactivetravel speeds. From somegspectives, such as when evaluated base@fbective
speed(total time spent in travel, including time devoted to working to pay for vehicles and fares)
non-motorized travel is oftemore time-efficient thanmotorized traveloverall Improvingactive
tradSt Oly al @S RNAGSNRQ GAYS o0& NBRAzOAdErS.G NI FFAO
The most efficient transport system is one in which travelers have viable options, including good
walking and cycling conditions, so they can choose the nfistemt mode for each trip,

considering all benefits and costs.

Excessive Costs and Subsidies

Some pedestrian and cycling projects and programs may have relatively high subsidy costs per
mile of travel, and so seem caistefficient. For example, a spetjzedestrian signal or pedestrian
bridge may cost tens or hundreds of thousands of dollars, and depending on use and how costs
are allocated, the costs may average many dollars per user, which seems high compared with
roadway costs per automobile passengdowever, such analysis often underestimates true
automobile travel costs and subsidies (ignoring, for example, parking subsidies and total accident
costs) A pedestrian signal or bridge may allow walking or cycling to replace automobile trips that
imposemany dollars in total costs.

Unfair to Motorists

Motorist organizations sometimes argue that motor vehicle user revenue (fuel taxes and
registration fees) expenditures on pedestrian and cycling facilities is an diviaisionof money
that should be ddicated to roadway facilities. This reflects a horizontal equity principle that
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consumers should generaliget what they pay for and pay for what they ggtlowever,such
arguments ony reflect half of the equationdget what they pay far) and ignore thether (Gpay

for what you get), which would require that virtually all roadway costs be financed by user fees,
which would require 5.00% increase in such fees. In addition, special walking and cycling
facilities are largely needed because of the ris& pallution that motorized traffic imposes on
pedestrians and cyclists, and to reduce conflicts so motorists can drive faster than would
otherwise be required. To the degree that this is true, motorists have a responsibility to help
financeactive modefadilities.

Inefficient and Wasteful

There is sometimes criticism that demand &amtivetravel is exaggerated by wishful thinking, and
that a particular facility or program will fail to attract users and achieve benefits asedail his
certainly couldoccur, but it may reflect other problems with program design rather than an

overall lack of demand. For example, a sidewalk or crosswalk improvement may attract few users
if it is locatedin an automobiledependent location, and a watk-school encouragemen

program may fail if walking conditions are inferior. However, wtarappropriate combination

of physical improvements and support are implemented, impacts are often significant, and many
non-motorized projects and programs have exceeded expectations.
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Conclusions

Walking and cyclinglayunique andmportantrolesin an efficientand equitableransport
system.Theyprovide basic mobilityaffordable transportaccesgo motorized modes, physical
fitness and enjoymenimprovingactive transportcondtions benefits users directhand benefits
society overall, includingeople who do not currently use walking and cycling facilities

Conventionatransport projectevaluationmethodstend to overlookand undervalueactive

transport Conventional travestatistics imply that only a small portion of total travel isaayive
modes (typically about 5%), butithresults, in part, fronsurvey practices which overlook many
short and noamotorized trips. NMT represents a relatively large portion of totalstiand travel

time (typically 1620% in urban areas), and many of the trips it serves are high value, and would
be costly to perform by motorized modddlore comprehensive evaluatiozonsiders additional
activetransportbenefits including indirect redud@dns in vehicle travel, and additional benefit
categories

Somebenefitsarerelatively easy taneasure Transport econorists havedevelopedmethods for
monetizing (measuring in monetary unitsaffic congestion, road and parking facility costs,
vehicleexpensescrashrisk,and pollution emissionsSome noAmotorized benefits can be
estimated by adapting these valuder example, by applying the same methods used to measure
reductions in vehicle congestion delays to calculathmgvalue of reduced beer effect delay and
pedestrian shortcutsValues used to evaluate traffic deaths and injuries can be used to value the
fitness and health benefits of active transpoifffordability can be quantified by indicating cost
savings to lower income usefBther impactsmay bemore difficult to monetize but shoulat

leastbe describedThese includ@iser enjoyment, option valuesupport for equity objectives

more compact and accessible land use development (smart groetionomic development,
improved commurty livability,andadditional environmental benefitsuch as habitat

preservation

There are many ways to improve and encouraggvetravel. Although most communities are
implementing some of these strategies, few are implementing all that are jubtiflest of these
strategies only affect a portion of total travel, so their impacts appear modeshey are seldom
considered the most effective way of solving a particular problem. However, they provide
multiple and synergistic benefits. When iatipads are consideredmany communities can justify
much more support fowalking and cycling.
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