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Introduction
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reading of articles and reports, public input both written and from five Listening
Sessions, expert presentations, and the knowledge, experience and expertise of the
Commission members themselves. The Commission cast a wide net for
information so as not to limit its thinking on the disruptive forces facing
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best enable the Commonwealth to be ready for them. Early on, the Commission
determined that the creation of Background Books (collectively presenteldere as
Volumell of this report) on the five key topics charted by the Governor would be

an effective way to capture, provide and present this wealth of information. The
Commission believes that this work will be a valuable resource for other states as
they consider ways to prepare themselves for the changes that they are sure to

face in the future.
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DEMOGRAPHICS AND LAND USE



Why do demographics and land use matter?

1.
2.
3.
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...younger generations live and travdlifferently, which is significantly affecting landuse and
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Transportation will play a significant role in future land-use plans.

In addition to where onelives,A DA OOI 1680 EI A EO Atdar@portafioh médé DT OOAI
choice.

While transportation is a universal concern, it is experienced very differently across socioeconomic
groups.
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Summary
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A Massachusetts has seen declining births, net negative domestic migration, and increases in international migration

A In the short term, international immigrants in the U.Shavelower auto usage, though this effect diminishes depending amhere they live.
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with decreased mortality rates and a large aginBaby Boomer generation resulting in an older overall population

A Americans are living longer (increasedifespan) but are in poorer health (over half of the increasés spentliving with a disability).

A Senior citizens (aged 65+) grew in population b®5 percentin the U.S. between 2011 and 20165(6 to 8.9million) and are projected to
be the fastestgrowing segment of the workforce through 2024.
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sale to Millennial households seeking to move to suburbs.
A Baby Boomers in the U.S. still hold great purchasing power, with median incomes more than twice that of Millennials ($56k $86k

respectively) and median net worth more than 15 times that of Millennials ($333k and $21k , respectively).

A While combined Millennial and Gen X votes in the U.S. in 2016 were more than the combined votes of the Baby Boomers andléime S
Generation, Baby Boomers still accounted for the most votes of any single age group in the U.S.

A Baby Boomers make up the vast majority of Congress
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3. ...younger generations live and travel differently, which is significantly affectingland OOA AT A OOAT 0BT OOAC

A 1n 2040, projections showthat 84 percentof the Massachusetts laboforce and 58 percentof Massachusetts head of households will have
been born after 1980. Families, who have different transportation needs than other households, will make up a declining pontdf the
population.

A 94 percent of Americans aged 189 own smartphones, compared to onl#6 percent of thoseaged 65+.

A In the U.S., optimization is the biggest consideration for Millennials in choosing transportation modes, and they rely hegwih technology
to make those choices

A While there has been much reportin@bout Millennials in the U.S. driving less thanlder generations, a portion of this decrease is likely
due to the recession and delayed lifecycle milestonasither than solely different attitudes and lifestyle preferences.

A Millennial inclination for non -ownership (e.q. , Uber, rental housing) may be due to affordabilitgsues rather thanpreference.

A Millennials demonstrate the same Ion_GIerm interest in becoming homeowners as previous generations, though they appear to have a
1L Ax ET OACABOENRS OHAOAADDT OAA O1T OOOA OOAOOAAT ATl i1 O1 EOCEAdhing j A8C
and retail).
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A The population growth in Massachusetts has been declining in rural areas in favor of growth in urban and suburban areaseadithat
has become more pronounced since the recession

A In Massachusetts, the population has been shifting to the east and is predicted to continue to do so through 2040 (excluttiedCape)

A In the U.S., suburbanization is on the rise; since 2012 the population growth rate of urban cores has decreased by halfewt®l exurban
county rate has quadrupled

A While suburban growth exceeds city growth nationallyout of the 53 metro areas with populations ovetl million, Boston is one of 17
where the primary city growth rate is higher than the suburban growth rate.

A Without influx of younger households, slowC Ol xET C OI x1 O i AU AAAT i A OOCAT ETI O OOAOOAO8OG
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growth potential restricted due to current zoning regulations.

A The causes of vehicle miles traveled (VMT) declines in the U.S. are controversibssDomesticProduct appears to correlate most

strongly with VMT ,but density, diversity, design, destination accessibility, and distance to transit all typically have an effect on decreasing
VMT as well.
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5. Transportation will play a significant role in future land  -use plans.

A Inthe U.S., active transportation infrastructure in the form of bike lanes, paved trails for pedestrians and cyclists, aiikekfriendly
features in residential and commercial properties is increasing and is sometimes referred to as traitiented development.

A Across the U.S., homes in more walkable areas can charge a premium; in Boston an increase of one Walk Score point (wheabilialk
based on access to amenities is scored on g 100 scale) raises the median home price by3$27.

A Reducing parking demand and increasing parking density in NeBnglandwill contribute to less land needed for parking in the future

A Curbside management in the U.S. will likely become a significant issue duébtie-sharestations, bike lanes, eommerce delivery, and
ride-hailing pick-up and drop-off.

A Access to new and emerging transportation modes in the U.S. will be heavily influenced by lars policy, such as parking requéments
and zoning laws that dictate density.

A MassDOT and MBTA are focusing on transit oriented development (TOD), which features compact, walkable mixseldevelopments at
or near transit stations8

A 8 x E E @Gatewal Citiescan support higher population and more jobs than would be present with the statuguo development.
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sprawling infrastructure, while also improving their economic development and regionatobilit y competitiveness
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e Communities with high-frequency subway service accounted fo#2 percentil £ - AOOAAEOOAOOOS 1T AO ET A C
from only 6 percentin the previous decade for those same communities
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A Driving alone is the most common means of transportation to work ilMassachusetts as a State and Suffolk County, specifically.

A Working from home has become increasingly common, with near® percent(3.9 million employees) of the U.S. workforce working from
home at least half of the time, which has more than doubled since 2005

A8S8Ii AEEI ¢ OAT AAT I 1 6OGEIi ¢ A 11 OA Al i i lpdbliciradhgihimdre thafEhakk of thé tehQEBS]I n@troQifeasx | ¢
A However,telecommutingis not an option for registered nurses, home health aides, and personal caides, all of which are projected to
have the highest job growth in Massachusetts through 2024.
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7. While transportation is a universal concern, it is experienced very differently across socioeconomic groups.

Americans making less than $4.000 per year spend oraverage28 percentof their annual income on transportation.

A IntheU.S..L
compared to middleincome and highincome communities.

A However, personal vehicle ownership is the most important factofor determining ride-hailing use.

A Alos Angelesstudy confirmed what other studies have shown: race still plays a factor in rideailing services, asAfrican American riders
are subjected to longer wait times.
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A Massachusetts has seen declining births, net negative domestic migration, and increases in internationaration .

A In the short term, international immigrants in the U.Shavelower auto usage, though this effect diminishes depending amhere they live.2

Components of Population Change in Massachusetts 2000 -20171
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1.University of Massachusetts (UMass) Donahue Institute. (2008 Term Population Projections for Massachusetts Regions and Municipalities: Method Overview, Recent Update
and the Components of ChangeMassachusettshttps://www.mass.gov/doc/loneterm-populationprojectionsumassdonahuemay-2-2018 o .
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decreased mortality rates and a large aginBabyBoomer generation resulting in an older overallpopulation.t

A Americans are living longer (increasedifespan) but are in poorer health (over half of the increasés spentliving with a disability ).2

A Senior citizens (aged 65+) grew in population bg5 percentin the U.S. between 2011 and 20165(6 to 8.9 million) and are projected to be the
fastestgrowing segment of the workforce through2024 3
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Massachusetts Population by Age Group: MAPC RegionPopulation by Age Group:
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4,500,000 2,500,000
4,000,000
3,500,000 600k increase 2,000,000 v
3,000,000 (8'.8% g_thh): 460k increase:
Primarily due to 1,500,000 33% from 20-64
2,500,000 65+ age group 67% from 65+
2,000,000 T age group
1,000,000 ?
1,500,000
1,000,000 500,000
500,000
0 0
0-19 20-64 65+ ——0-15 ——20-64 65+

*Rates of births, deaths, and immigration stay constant. Potential disruptors (e.g., technology, policies, land usei rdbtakeount.

1.UMass Donahue Institute. (2018pngTerm Population Projections for Massachusetts Regions and Municipalities: Method Overview, Recent Updates, and thet<Coh(iimarege
in Massachusettittps://www.mass.gov/doc/lonegterm-populationprojectionsumassdonahuemay-2-2018
2.Science Daily. (2018mericans Live Longer but With Disabilities or Health Issues, Study. Btiosugwww.sciencedaily.com/releases/2016/04/160415103502.htm
3.Society for Human Resource Management (SHRM). (28@8)ber of Older Americans at Work Has Grown 35 Pefcgns://www.shrm.org/resourcesandtools/hRtopics/employee
relations/pages/oldetworkers.aspx
4.Commonwealth of Massachusetts. (201B)2 3S N} 2 Na / 2dzy OAf (2 hDR/NEE @Easd.gaviosidgoveriorsauncita-hdOr&sezdirfib-ihassachusetts
59ESO0dziA @S h¥FAOS 2F 1SHEGK yR | dzvly {IStidiBluepritReconm2rdBiony. 2 ND& / 2dzy OAt (2 ! RRNBaa !
https://www.mass.gov/files/documents/2018/04/10/Council%20t0%20Address%20Aging%20in%20Massachusetts%20Initial%20Bluegront¥h2oRationsApril-2018. pdf
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Millennial households seeking to move tsuburbs.®

A Baby Boomers in the U.S. still hold great purchasing power, with median incomes more than twice that of Millennials ($56k $86k, respectively)
and median net worth more than 15 times that of Millennials ($333k and $21krespectively).2

Financial Statistics about U.S. Adults, by Generation 2
Based on profiles created from Epsilon data assets, including its cooperative databadmcus®

compiled file TotalSource Plus, and proprietary selOABDT OOAA AAOAkide®A 3 EI PPAOGO

March 2017
. Average spend
. Median Net - Average Length
Median Income per househeold Credit Card Usage Homeowner
Worth per month of Residence
Millennials 25,759 $21,620 $508 25% 28% 4.25 years
(15-35)
Gen Xars $63,832 $171,212 $709 63% 66% 10.8 years
(35-50)
(Bsaé:-_w,:?g;mmers $55,928 $332,944 $765 76% 799, 16.3 vears
(5;'3:35 $41,538 $360,448 $675 79% 77% 16.4 years

MarketingCharts.com | Data Sources: Epsilon

1.Urban Land Institute (ULI). (201B)efying Expectations for Mast®lanned Communitie&ttps://urbanland.uli.org/developmenbusiness/defying
expectationsmasterplannedcommunities/

2.Marketing Charts. (20170. K S&4S CAYyF Yy OAlf {dFG&a {K2g 2 Ke . NhypRawd.iagkeihgRwre dom@énOatzbhict 2 2 a dzOK 2y a
and-audiences/boomersand-older-75298 12
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A While combined Millennial and Gen X votes in the U.S. in 2016 were more than the combined votes of the Baby Boomers and¢im: Seneration
Baby Boomers still accounted for the most votes of any single age group in thest

A Baby Boomers make up the vast majority of Congre3s.

Millennial and Gen X Voters Edged

A Generational Breakdown of the Current Congress 2
Out Older Generations in 2016 Vote 1

. . . . n% 63% House of Representatives
Reported votes cast in presidential elections, Silent (b.1925-45)  Baby Boomers 6% £1% o 7%
in millions 29 L (0194664 Democrats |
Millennials— T ' _ 5% 63% 28% 4%
100 (b.1980-) g Republicans [ /e
msth )\ Senate
Congress | | 15% 73% 13%
235 *’f’”_fjl/' / Democrats® [ |
80 69.6 Generation X e ) 23% 58% 19%
. (b. 1965-79) Republicans 1 J—

*Includes two Indepandent senators, who caucus with Democrats
&0

Generational Shifts Since 1993

Millennlals
Ty 100%
Millennial and 80% “
Gen X 60%
20
40% Silent Generatlon
20%
0
B0 B4 88 '92 '98 00 '04 '08 12 18 103rd 105th 107th 109th Nith 13th 115th
{1993-94) (1997-98) (2001-02) (2005-06) (2009-10) {2013-14) (200718}
Irce; Pew Re carch Center tabulations of the 1498 1 Congress
Lurrent Population Survey November supplements
Source: CQ Members data
PEW RESEARCH CEMTER

Ryan Kelly,/Roll Call

1.Pew Research Center. (201Mjllennials and Gen Xers outvoted Boomers @fdkrGenerationsn 2016Election http://www.pewresearch.org/fact
tank/2017/07/31/millennialsand-genxersoutvoted-boomersand-older-generationsin-2016-election/

2.Roll Call. (2017%enior Class: Members of Congress Getting Qltdps://www.rollcall.com/news/politics/seniorityrulesmembersgetting-older
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3. ...younger generations live and travel differently, which is significantly affecting land use and
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A In 2040, projections show that 84 percent of the Massachusetts labor force and 58 percent of Massachusetts head of housetwltsave been
born after 1980. Families, who have different transportation needs than other households, will make up a declining portiontb& population 2

Labor Force by Year Born,
Massachusetts Metropolitan Planning
Organizations : 2010-20401

Households by Household Type,
Massachusetts, 2010 - 20401

4,000,000 3,500,000
3,500,000 W Silent Generation
e 3,000,000
(Before 1946) M Person Living Alone
3,000,000
B Baby Boomers 2,500,000
2,500,000 (1946-1965) 2+ person household,
' ' 2,000,000 no children
MGen X
2:000,000 W??I;é- 1980 m Household with child
( : ) 1,500,000 under 18 present
1,500,000
OMillennials
1.000,000 (1981 - 2000) 1,000,000
500,000 BMGenZ 500,000
(Post-2000)
2010 2020 2030 2040 2010 2015 2020 2030 2040

1.Metro Area Planning Council (MAPR018).Demographics and land use factors affecting future transportation denfatyk:// www.mass.gov/doc/demographieandland-use
factorsaffectingfuture-transportationdemandmapcmay-2-2018
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3. ...younger generations live and travel differently, which is significantly affecting
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A 94 percent of Americans aged 189 own smartphones, compared to onl#6 percent of thoseaged 65+

A In the U.S., optimization is the biggest consideration for Millennials in choosing transportation modes, and they rely heaeih technologyto make
those choices?

A While there has been much reportin@bout Millennials in the U.S. driving less thawolder generations, a portion of this decrease is likely due to the

recession and delayed lifecycle milestonesather than solely different attitudes and lifestyle preferences?

A Millennials demonstrate the same loneterm interest in becoming homeowners as previous generations, though they appear to have a new intére:

El OOEORhe AO 1Pl OAA &1 OOOA O6OALOAAT Al ii 6T EGEAO j Ag@a)dh [ 1 OA

Percent of U.S. Adults Who Own Cellphones and Smartphones?

100

=
[N

2004 2006 2008 2010 2012 2014 2016 2018

— Cellphone — Smartphone

1.Pew Research Center. (2018pbile Fact Sheehttp://www.pewinternet.org/fact-sheet/mobile/

2.American City & Country. (201R)illennials inTransit http://americancityandcounty.com/publid¢ransit/millennialstransit

3.Georgia Tech. (2018)ill millennials transform the future of transportation? Maybe not as much as we thouigjs://ce.gatech.edu/news/wilmillennialstransform-future-
transportationmaybenot-muchwe-thought

4.Time. (2015)Millennials Will Outgrow the Sharing Econoriigp://time.com/money/3957652/sharingeconomymillennials/

5. ULL(2018).Defying Expectations for Mast®lanned Communitiegttps://urbanland.uli.org/developmenbusiness/defyingexpectationsmasterplannedcommunities/
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A The population growth in Massachusetts has been declining in rural areas in favor of growth in urban and suburban areaseadithat has become

more pronounced since the recessioh

Population Change by Municipality, Massachusetts
2000 - 20101

Annual Population Growth Rates by
Community Type, Massachusetts 1970 - 20151

—Inner Core ;‘4
1.5% '\.—\-%)
x —Regional Urban ?
1.0% Centers
| | Population decline
0.5% \/v —Maturing Suburbs [ Population increase up to 10%

/>7 —= l Population increase over 10%
0.0%

- —Developing
0.5% Suburbs
Rural Towns
-1.0%

-1.5%

Averate Annual Growth Rate

1970-1979 1980-1989 1990-1999 2000-2009 2010-2015

Source: U.S, Census, Decennial Census and Population Estimates

1. MAPC(2018).Demographics and land use factors affecting future transportation denfatmh://www.mass.gov/doc/demographieandland-usefactorsaffectingfuture-transportation
demandmapcmay-2-2018 16
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A In Massachusetts, the population has been shifting to the east and is predicted to continue to do so through 2040 (exclutliedCapd .

Percent Change in Population by County: 2010 - 20401

Franklin
-2.7%

Berkshire
[ -2.4%

Barnstable ;

Nantucket
20.1%

-

1.UMass Donahuénstitute. (2018)LongTerm Population Projections for Massachusetts Regions and Municipalities//www.mass.gov/doc/loneterm-populationprojectionsumass
donahuemay-2-2018 17
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A In the U.S., suburbanization is on the rise; since 2012 the population growth rate of urban cores has decreased by halfeuliegl exurban county
rate has quadrupled?!

Annual Growth Rates for Urban and Suburban Counties: 2000 -2017*1

2.50
2.00
1.50

1.00

Annual growth rate

0.50

0.00

-0.50

8 L L
o RS Sha

2 3 M ot g M
o O G O ©
190 ® Q,QQD v Oéb ° '1,06) °

L {
1 2° ©

Urban core I Mature suburb B Emerging suburb M Exurb

*Counties in metropolitan areas over 500,000 using Brookings classification system. 1

1.Brookings Institute. (2018). { LJ2 LJdzf A2y RAALISNBSA (2 &dzodzNbas S Entphinas brodkirNg.etlu/blodBhvantie/2DNB/B3/26/6A R R
populationdispersego-suburbsexurbsrural-areasand-middle-of-the-country-metros/
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While suburban growth exceeds city growth nationallyput of the 53 metro areas with populations over million, Boston is one of 17 where the

primary city growth rate is higher than the suburban growth rate?

Without influx of younger households, slowC Ol x ET € Oi x1 O i AU AAAT i A OOCAT EI O OHADOAO8O
Mostl £ OEA ET OOET C OOT AE AT A 11060 1T £ OGEA 1 Al A-dénéithshbuibal hdmiesAvitk gawitts O |
potential restricted due to current zoning regulations 3

The causes of vehicle miles traveled (VMT) declines in the U.S. are controversiabssDomesticProduct appears to correlate most stronglywith
VMT .but density, diversity, design, destination accessibility, and distance to transit all typically have an effect on decreasing VMvel§4

2016-2017 Growth Rates for Primary Change in Median Age, 20107 2030
Cltles and Su bu rbS Stronger Region Projectio%
Large Metropolitan Areas (ranked by size’)
3.0
2.5
2.0
1.5
1.0
0.5 I
oo =il 1 i [
N o N <> Y & g X & +\>” . @‘
A O » o Y S > \ 3+ e, |2
*0‘ °0Q>Q/ Q,b\\,b 0‘;\'0 R (\%0 @fb@ Q>Q\\\ \’b& ‘—,}'oo OQ'Q\ Change in Median Age g ’
%Q’\é vo \2\0 'b‘:)(\\ \fbb v‘& Q?o Q‘Q Increase up to 3 yrs. =
\/O(7 $ Q‘(\\ I increase 4- 6 yrs. 7
B ncrease 7 - 8 yrs. )
. ) B crease over 8 yrs. }
® Primary City Growth m Suburb Growth Label ,hmMedW:e in 2010 A‘ ts A
0 25 s

1.Brookings Institute. (2018[arly decade big city growth continues to fall off, census shugs://www.brookings.edu/blog/theavenue/2018/05/25/earlydecadebig-city-growth-
continuesto-fall-off-censusshowg

2.MAPC(2018).Demographics and land use factors affecting future transportation denfatmh://www.mass.gov/doc/demographieandland-usefactorsaffectingfuture-transportation
demandmapcmay-2-2018

3.CityLab. (2018pensity's Next Frontier: The Subuthi#ps://www.citylab.com/equity/2018/02/densityshextfrontier-the-suburbs/552065/

4.CityLab. (2017)What Drove the Driving DowntuPinttps://www.citylab.com/transportation/2017/04/whatdrove-the-driving-downturn/518601/
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5. Transportation will play a significant role in future land  -use plans.

A In the U.S., active transportation infrastructure in the form of bike lanes, paved trails for pedestrians and cyclists, aiikekfriendly features in
residential and commercial properties is increasing and is sometimes referred to as trairiented development?

Development Profiles for Bike -Friendly Communities !

1. ULIL (201% Active Transportation and Real Estate: THE NEXT FRONPIERI.org/wp -content/uploads/ULdDocuments/Activelransportationand-RealEstateTheNext
Frontier.pdf
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5. Transportation will play a significant role in future land  -use plans.

A Across the U.S., homes in more walkable areas can charge a premium: in Boston an increase of one Walk Score point (whesbililibased on
access to amenities is scored on az1100 scale) raises the median home price by3$271!

Home Price Premiums for Increases in Walk Score from 60 to 80 1

METRO
PHOENIX $16K
BALTIMORE $33K
ORANGE CITY S41K
PORTLAND $53K
SAN DIEGO $68K
CHICAGO $78K
ATLANTA $84K
DENVER $84K
OAKLAND $86K
NATIONAL $106K
SEATTLE $116K
BOSTON $129K
LOS ANGELES $129K
WASHINGTON DC $133K
SAN FRANCISCO $188K

1. Redfin (2016)How Much is a Point of Walk Scékorth?https://www.redfin.com/blog/2016/08/howmuchis-a-point-of-walk-scoreworth.html
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5. Transportation will play a significant role in future land  -use plans.

arking density in Neenglandwill contribute to less land needed for

Impacts of the Driverless Car on Real Estate?
Parking Typologies z Project Footprint Reduction

Stand Alone Above Grade Below Grade Surface
Parking Structures Parking Parking Parking

602 25%-35% 25%-45% 35°%-1002

footprint reduction footprint reduction footprint reduction footprint reduction

Smaller stalls « Smaller stalls « Smaller stalls « Smaller stalls
Narrower aisles « Narrower aisles « Narrower aisles « Narrower aisles

« No vertical connections « Potential removal of « Elimination
Optimized structure ; vertical connections

Stall stacking

1. ULI. 2018).ULI Boston/New England Infrastructure Council Presents: The Future of Ratkigwww.mass.gov/doc/thefuture-of-parkingurbanland-institute-januar



https://massgov.sharepoint.com/sites/GOV-MACFT/Shared Documents/The Future of Parking -- Presentation Slides.pdf
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https://massgov.sharepoint.com/sites/GOV-MACFT/Shared Documents/The Future of Parking -- Presentation Slides.pdf
https://www.mass.gov/doc/the-future-of-parking-urban-land-institute-january-23-2018

5. Transportation will play a significant role in future land  -use plans.

A Curbside management in the U.S. will likely become a significant issue dudike-sharestations, bike lanes, e&ommerce delivery, and ridehailing

pick-up and drop-off. !

A Access to new and emerging transportation modes in the U.S. will be heavily influenced by lars® policy, such as parking requéments and

zoning laws that dictate density!

A MassDOTand MBTA are focusing on transit oriented development (TOD), which features compact, walkable mixgsk developments at or near

transit stations8 2

A 8 x E E @tewal Citiescan support higher population and more jobs than would be present with the statuguo development3

Population in TOD Districts 3 Jobs in TOD Districts 3
Status Quo Scenario vs. Optimal Buildout Status Quo Scenario vs. Optimal Buildout
Bl :t=tus-Quo Scenario Il =t=tus-Quo Scenario

40,000 Optimal Buildowut 40,000 — Optimal Buildout

35,000 [ 35,000

30,000 [ 30,000

25,000 [ 25,000

20,000 [ 20,000 -

15,000 [ 15,000 |-

10,000 [ 10,000 |-

5,000 |- I I 5,000 | I I

B - (m

Fitchburg Lynn Springfield Worcester Fitchburg Lynin Springfield Worcester

SourceRKGAssociates and Hodge Economic Consulting

1.Wired. (2017)TO SEE THE FUTURE OF CITIES, WATCH THE CURB. YEBF$iEA8MRBred.com/story/city-planningcurbs/

2.Massachusetts Realty Group. (20I8gansit Oriented Developmetititps://www.mbtarealty.com/transitoriented-development/

3.Massachusetts Institute for a New CommonwealtaésINGE (2018) The Promise and Potential of Transformative Tra@siented Development in Gateway Cities
https://massinc.org/research/thg@romiseandpotential-of-transformativetransit-oriented-developmentin-gatewaycities/
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5. Transportation will play a significant role in future land  -use plans.
AU EIiDOI OET Cc OOATI OEO OAOOEAA AT A AIABOEIC i1 4/ $h ' AOAndhdstofisEraving C

infrastructure, while also improving their economic development and regionamobility competitiveness.?

e Communities with high-frequency subway service accounted fo42 percenti £ - AOOAAEOOAOOOGE T AO ET A COIi
6 percentin the previous decade for those sameommunities.?

Number of Gateway City Residents Growth in Population and Jobs in
Commuting to Boston by Mode 1 TOD Areas with Optlmal Buildout 1
13 Gateway Cities
250,000
8,000 ~
= Number commuting Number of commuters sonooo b
6.374 by train going to Boston '
6,000 -
4081 150,000
il - 3395
' 2529 100,000
2,000 |-
el 490
Brockton Fitchburg Haverhill Lawrence Lowell Worcester
SourceCensuslongitudinal EmployelouseholdDynamics2015 o
Population in TOD Areas Jobs in TOD Areas
I Current Utilization Potential at Optimal Buildout

SourceRKGAssociates antilassINCalculation

1.MassINC(2018).The Promise and Potential of Transformative Tra@siénted Development in Gateway Citieps://massinc.org/research/thgromiseand-potential-of-transformative
transit-oriented-developmentin-gatewaycities/
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mode choice.

A Driving alone is the most common means of transportation to work ilMassachusetts as a State and Suffolk Courgpecifically?!

Means of Transportation to Work 7 Means of Transportation to Work z Suffolk
Massachusetts? County?
2% 39 3%

5%

10%

P

m Car, truck, or van - drove alone
® Car, truck, or van - drove alone

® Car, truck, or van - carpooled
® Car, truck, or van - carpooled ’ ’ P

Public transportation (excluding taxicab) Public transportation (excluding taxicab)

Walked Walked
= Taxicab, motorcycle, bicycle, or other means = Taxicab, motorcycle, bicycle, or other means
= Worked at home ® Worked at home

1.U.S. Census. (2012D122016 American Community SurveY &ar Estimatesttps:/factfinder.census.gov/faces/nav/jsf/pages/index.xhtml
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AAAEOEIT T Ol
mode choice.

8 )1

A Working from home has become increasingly common, with nearl¥ percent(3.9 million employees) of the U.S. workforce working from home
at least half of the time, which has more than doubled sin&9058 1

8i AEET C OAT AAT I i 6O6ET Cc A 11 OA Al I i ipdblickrahstihimére thafEhakk df thd tEpQES] netro@ieasx | O E
A However,telecommutingis not an option for registered nurses, home health aides, and personal caides, all of which are projected to have
the highest job growth in Massachusetts throug2024 2

Massachusetts Biggest Job Growth in Raw Numbers: 2014 -20242
Registered Norses [

P

Home Health Aides +8538
Personal Care Aides +8306
Food Service Workers +5172
Retail Salespeople _
Nursing Assistants +4178
Healthcare Practitioners and Technical Software Developers, Applications +4055

Healthcare Support Management Analysts +3758
Personal Care and Service
Food Preparation and Serving Restaurant Cooks +3456
Sales and Related ) Customer Service Reps [l
Computer and Mathematical +3276
Business and Financial Operations General Managers
Office and Administrative Support Medical Secretaries +3072
Management ] +3069
Education, Training, and Library Accountants/Auditors
Building and Grounds Cleaning and Computer Systems Analysts +2898
Maintenance Market Research Analysts +2790
Software Developers, Systems Software +2747
Teacher Assistants _
Medical Assistants +24511
Preschool Teachers _
Janitors/Building Cleaners _
0 2500 5000 7500 10,000 12,500 15,000

*Some job title labels have been edited for clarity.

Source: Massachusetts Office of Labor and Workforce Development

1.1 Million for Work Flexibility (LMFWF). (201The State of Telecommuting in the U.S. in 201@s://www.workflexibility.org/state-of-telecommutingus-2017/
2.WBUR. (2017What The Data Tell Us About The Future Of Work In Mégss/www.wbur.org/bostonomix/2017/10/30/future-jobs-data-massachusetts
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7. While transportation is a universal concern, it is experienced very differently across

socioeconomic groups.

A Americans making less than $4.000 per year spend oraverage28 percentof their annual income ontransportation .

Portion of Income Spent on Basic Needs?

Housing
Transportation

Poor Middle class Rich Poor Middle class Rich
28% 17% 10% 72% 30% 19%

1.CNN. (2015)t's expensive to be podrttps://money.cnn.com/2015/04/23/news/economy/poespending/index.html
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7. While transportation is a universal concern, it is experienced very differently across

socioeconomic groups.

A Inthe U.S., Lyvft is filling transportation gaps in lowncome areas: those living in lowincome areas made more Lyft trips peperson compared to
middle-income and highincome communities?

A However, personal vehicle ownership is the most important factofor determining ride-hailing use.*

A ALos Angelesstudy confirmed what other studies have shown: race still plays a factor in ridbailing services, asAfrican American ridersare
subjected to longer waittimes.!

Comparison of Lyft Trips Across Income Groups 1!

a .
E High
T I
@ Middle
E =
=]
o I
c Loy m—
-0.1 0.1 0.3 0.5 0.7 0.9

Lyft trips per capita

n Neighborhood with 10 percent zero car households
Neighborhoods where all residents own vehicles

1CityLab. (2018]. @ Fii L& wSIF OKAy3 [ ®! & b S htBKenavNIyRER R/ rahskodaNidh/2@1 8/@ Ay fis réashideflaiRafoBhbrhoodsvhere-taxis
wouldnt/563810/
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TRANSIT, ACTIVE TRANSPORTATION, AND
MOBILITY SERVICES
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Why do transit, active transportation, and
mobility services matter ?

Transit usage is changing.

Active transportation and micro-mobility are becoming more prevalent.

The use of transportation network companies (TNCs) is growing

Mobility as aService(MaaS) looks to change how people plan, pay for, and take trips.

New trends and technology willaffect congestion, as will attitudes towards ride and vehicle sharing.

These new transportation options potentially play a big role in improving mobility.

N o g M W bdoE

Density impacts, but does not need to define, transit options.

COMMISSIONON THE FUTURE OF TRANSPORTATION IN THE COMMONWE
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Summary

1. Transit usage is changing.

A Total U.S. transit ridership has decreased overabut the pattern isnot consistent:

e |ight and commuter rail ridership are at anall-time high,

e Heavy rail (subway) ridership is down onlyslightly, and

e Bus ridership is at its lowest in almost 20 vears

A Summing the benefits associated with travel time savings, travel cost, crashes avoided, and reduced vehicular emissions, MBiRAit
services provide an approximately $11.4 billion benefit to the greater Boston region annualiythe annual MBTA budget is approxnately
$2 billion, demonstrating a significant return on investment

A However, MBTAridership, along with most other transit agencies in the U.S., is trending down

A Almost all of MassachusettsRegionalTransit Authorities (RTAS) are experiencing ridership declines, in line with nationwide trends.

2. Active transportation and micro -mobility are becoming more prevalent.

A While almost half of all trips in the U.S. arthree miles or fewer (a distance that could generally be completed innder 20 minutes

walking or biking). only 10 percentA OA AT i b1 AGAA AU xAl EET ¢ 1 O AEEEI C8
AS8AT A T ATU 1T £ OEI OA OOEDPO xi1 61 A AAOOAIL I dhoblivhmolles] AOO OEI A OEA AA(
A Americans would like to see more money spent on active transportation.

A MassDOT is planning to improve walkabilityand bike networks for communities statewide

A Bike-sharetrips have seen enormous growth in the last six years in the Boston area, exceeding 1 millio2017.

A Other new forms of micremobility, such as EScooters, are showing rapid adoption across the U.S

A Major automobile companies are entering the market GM is launching a line oE-bikes and Ford bought anE-scootercompany for close
to $100 million.
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3. The use of transportation network companies (TNCs) is growing.

A TNCs connect passengers with drivers through a mobile application (e.q. .Uber, Lt provide services referred to as ridehailing.

A In major cities.21 percentof adults have used ridehailing services, but only onequarter use them on a weekly basis.

A Frequent TNC users in the U.S. have lower household vehicle ownership.

A TNCs in the U.S. tend to be more popular in higtensity areas, including college campuses

A TNC riders in the U.S. are on averageunger and havehigher educationlevelsand higher averagencomes.
A In 2017, Massachusetts sav$4.8 millionride-E AET ET ¢ OOEDOS

ABAT i PACAA O tny T EITEIT OOEPODAFES POAI EA OOAT OEO AT A v8w [ EIIE

barely more thanone out of every 100 trips over the entire MAPC region.

A In Massachusetts, almost half afde-hailing trips would have been completedn transit if TNCs were not available, an80 percentof
those trips occurred during rush hour.

A Weekend nights dominate usage, although rush hour usage varies across locations in the U.S.

A This trend in usage is likely because parking concerns and alcohol consumption are two of the top reasons for using TNGwil/1S.

A Massachusetts signed legislation in 2016 regulating and taxing TNCs.

A Massachusetts assesses TNCs a $0.20-gde fee on every trip started inthe state.

o

Qu

A Atfter factoring in the impact on transit ridership and the pefride TNC fee, there was about $10 million net revenue loss to tieO A O A
transportation system in 2017 due to TNCs.

A TNCs are rapidly gaining mode share at Logan Airport.

A TNCs generally do not share their data freely: however, legislatures and public agencies may mandate tiey provide someof the data.
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4. Mobility as a Service (MaaS) looks to change how people plan, pay for, and take trips.

A MaaS provides mobility options without requiring the user to own the means of transportation (ridehailing, bike-sharing etc), though
some definitions go further specifying it as the integration of various forms of transport services into a single mobilityisece that is
accessible on demandi.e.use one app to plarand pay for a doorto-door trip using multiple modesz both public and private).

A Integrated MaaS is available in some formsday. Europeleadsthe U.S. in adoption.

A Even as ridehailing grows. TNCs are beginning to invest in micrmobility options. which are becoming more popular, especiallgs
travelers try to avoid rush-hour congestion

A Transit agencies see MaaS as a way to increase the mobility options they can offer to travelers (zlgp;:share,micro-transit).
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A Uberis adding bikesharing, carsharing, transit start-ups, and, more recently, scooters in an effort to expand mobility options.

A While micro-transit start-ups have not always panned out, they may have a place as part of a bigger system like MaaS.

5. New trends and technology will affect congestion, as will attitudes towards ride and vehicle sharing.

A Many studies find TNCs are contributing to congestion.
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congestion.

A Consumers interested in vehicle subscription services still see personal vehicles as their primary mode of transportation.

A The potential for MaaS to reduce congestion is predicated on it minimizing the reliance on private vehicles for transportatitt needs to
incorporate public transit and shared rides.

A Automated Vehicles (AVs) will play a large role in the adoption of TN@ad Maa$S, with predictions of up tB0 percentof miles in urban
areas being completed by shared AVs.

A Despite the fact thatridesharing is commonfeature in many predictionsfor the future, carpooling in the U.S. has been declining in recent
years.

A Uber contendsthat the complexity of carpooling is a major reasolit is not more prevalent; services likdJberpooland Lyftline will reduce
complexity and have seen significant ridership increases since their laun8h
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modes rather than single occupant trips

A Some cities. such as Portland. are rolling out new approaches to allocating street spaces to reduce congeastioh O O1 A irt BafisGor A A£A£

removing parking spaces in the congested downtown to increase the land area set aside for bus and bike lands from 4 to 6epéend
increase total peoplecarrying capacity of downtown street by an average of 60 percent
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6. These new transportation options potentially play a big role in improving mobility.

A Automation will make TNCs and MaaS more casfficient and improve adoption, though public transit will still be the least expesive
option for users.
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how best tousecurrent parking facilities given new trends and technology

A These technologies and innovations are not solely for private transportation, but can improve and reshapeblic transit as well.

A A rural Ontario town of 36,000 provided 26,700 transit trips ineight months, and saved hundreds of thousands of dollars by partnering
with Uber, instead of adding fixed bus routes.

A The MBTAIs running a pilot program with Uberand Lyft to offer on-demand transit service to RIDE customers at a subsidized ratehich
helps providemore rides and lower costs

7. Density impacts, but does not define, transit options.

A Seven dwelling units per acre is the average density required to support basic-8@inute bus service, vet increasinalensity without
planning or funding will not improve the quality of public transit.

A The private sector has consistently increased its funding foFransportation ManagementAssociations(TMAS) in Massachusetts
municipalities to increase transportation options.

A In U.S. suburban and rural areas, people jmlorovise to fill transit system gaps. such as carpools that pick up from bus ststipother
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A In Massachusetts, rural areas have limited usage of TNCs, as usage is concentiat€deater Boston.

A RTAs providesome coverage, but the majority of rural communities do not have access to pulifiansit.

A While some predict that rural riders will be late adopters of Maa%

A Transit ridership is increasing proportionally faster in rural areas than urban areas despite decreasing population.
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1. Transit usage is changing.

A Total U.S. transit ridership has decreased overabut the pattern is not consistent:

e | ight and commuter rail ridership are at anall-time high,

e Heavy rail (subway) ridership is down onlyslightly, and

e Bus ridership is at its lowest in almost 20years.!

Ridership on Light and Commuter Rail Systems National Transit Ridership Trends 1!
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1. Bloomberg. (2018)The Outlook for Public Transit Isn't All That Beigs://www.bloomberg.com/view/articles/20184-09/the-outlook-for-publictransitisnt-all-that-bad
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1. Transit usage is changing.

A Summing the benefits associated with travel time savings, travel cost, crashes avoided, and reduced vehicular emissions, MBTA
transit services provide an approximately $11.4 billion benefit to the greater Boston region annuallythe annual MBTA budget is
approximately $2 billion, demonstrating a significant return on investmen#

A However, MBTAridership, along with most other transit agencies in the U.S., is trendirpwn 2

Ridership Reported to National Transit Database by Mode since CharlieCard Implementation *!
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1. A Better City. (2018Y.he Transportation Dividend: Transit Investments and the MassachEsett®my
http://www.abettercity.org/assets/images/Transportation%20Dividend¥8220FINAL % 2920012918.pdf

2. MBTA (2017) MBTARIdership Update FY-5r 17https://cdn.mbtace.com/sites/default/files/fmckmeetingdocs/2017/october/201710-23-fmcb-ridershipupdatefy15-
fyl7-corrected.pdf
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1. Transit usage is changing.

A Almost all of Massachusetts' Regional Transit Authorities (RTASs) are experiencing ridership declines, in line with nationwigdends?

Percentage Change of Fixed-Route Ridership for the First Three Quarters of FY17
Compared to FY18 for Massachusetts RTAs!
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1. Telegram (Worcester, MA). (2018YRTAidership decline is worst in the W&p://www.telegram.com/news/20180626/wrtaridershipdeclineisworst-in-us
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2. Active transportation and micro -mobility are becoming more prevalent.

A While almost half of all trips in the U.S. arthree miles or fewer (a distance that could generally be completed innder 20 minutes walking
or biking), only 10 percentare completed by walking orA E E BT C 8
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Bike vs. Bus:1
Comparative Times for Reaching a Transit Station
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1. AARP. (2013Mctive Transportation for Americhttps://www.aarp.org/livablecommunities/learn/transportatioamobility/info-2013/activetransportationfor-america.html
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2. Active transportation and micro

A Americans would like to see more money spent on active transportatioh.

-mobility are becoming more prevalent.

A MassDOT is planning to improve walkability and bike networks for communities statewide3
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How Americans Would Allocate
Transportation Funding *
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1. AARP. (2013Rctive Transportation for Americhttps://www.aarp.org/livablecommunities/learn/transportatiormobility/info-2013/activetransportationfor-america.html
2. Commonwealth of Massachusetts. (201Bg¢destrian Plarhttps://www.mass.gov/servicaletails/pedestrianplan

3. Commonwealth of Massachusetts. (201Bicycle Plarhttps://www.mass.gov/serviceletails/bicycleplan

4. MassDOT(2018). Municipal Resource Guide for Walkabiiitps://www.mass.gov/files/documents/2018/09/17/MunicipalResourcesGuideForWalkability P8i4.pdf
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2. Active transportation and micro -mobility are becoming more prevalent.

A Bike-sharetrips have seen enormous growth in the last six years in the Boston area, exceeding 1 millio2017.2

A Other new forms of micremobility, such as EScooters, are also showing rapid adoption across thé S?

A Major automobile companies are entering the market GM is launching a line of #bikes and Ford bought an Ecooter company forclose to
100 million. 3

‘> MOBILITY SERVICE ADOPTION IS SPREADING FASTER *

un
80
E
70
=
v g
>
Z
w 20 RIDE-HAILING:
] 39% in 2018 (7 yrs)
5 4w
z UBER
z
= 30 A
o :
20 A CARSHARING
2 BIKESHARING 16% in 2018 (18 vrs)
13% in 2018 (8 yrs) ppe .
10 €2 zipcar
E-SCOOTERS _ o
3.6%in 2018 (<1yr) — A

2 4 6 8 10 12 14 16 18 20 24

YEARS SINCE SERVICE LAUNCHED 4$ POPULUS

Sources: Populus Groundtruth; Clewlow & Mishra, 2017; Clewlow, 2016

1. Blue Bikes. (20238Media Kithttps://www.bluebikes.com/about/mediskit

2. Populus (2018).The MicreMobility Revolution.https:// medium.com/populusai/the-micro-mobility-revolution-95e396db3754

3. Axios (2018) GM and Ford push into\heeled transportationhttps://www.axios.com/gmford-goingbeyondcarswith-scootersand-bikes6c625bd535b1-4b4e-a4fs
fea3d1988a28.html 40
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3. The use of transportation network companies (  TNC9 is growing.

A TNCs connect passengers with drivers through a mobile application (e.q. ,Uber, Lt provide services referred to as ridehailing.!

A In major cities,21 percentof adults have used ridehailing services, but only onequarter use them on a weekhbasis.?

Adoption and Utilization of Ride -Hailing 2

“ of adults who..
ride-hailing apps

Have not heard of | jqa

Have heard of but

do not use Go%

Have used with friends
odzi Kl @Sy Qi AFFai

Use only when traveling
away from home

Use traveling in and
around home city 15%

Among those who use ride-hailing,
% who use them ..

35% 34%

30%

25%

23%

20%
18%

SR I LI

9% 9%
6%
5%
0%
Less than 1Xa 2-3Xa 1Xa 1-3Xa Daily
1X a month month month month week

Frequency of use

1. American Association of Motor Vehicle Administrators (AAMVA). (20t&)sportation Network Companiggtps://www.aamva.org/aboutaamva/

Three Periods of a TNC Transaction 3

Period 1

Driver is logged
onto the TNC
network but not
yet matched with
a rider

Period 2

Driver has accepted
a match with a rider
and isen-route to
pick up the rider

Period 3

Rider is in the car

2. Institute of Transportation Studies, University of California, Davis. (2Disfuptive Transportation: The Adoption, Utilization, and Impacts ofRadeg in the United States

https://itspubs.ucdavis.edu/wgontent/themes/ucdavis/pubs/download pdf.php?id=2752

3. Commonwealtrof Massachusetts. (201&ide for Hire Task For¢etps://www.mass.gov/orgs/ridefor-hire-taskforce
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3. The use of transportation network companies (TNCs) is growing.

A Frequent TNC users in the U.S. have lower household vehicle ownership.

Average Household Vehicles by Frequently Used Mode ( weekly) *
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3. The use of transportation network companies (TNCs) is growing.

ATNCs in the U.S. tend to be more popular in higtensity areas, including college campusés

ATNC riders in the U.S. are on averageunger and havehigher educationlevelsand higher averagéncomes 2

. Men
Demographics for TNC Users?
Women
= White
MARTA NJT WMATA BART!
Users Non- Users Non- Overall Users Non- Black
users users users Hispanic
Male (%) 54 53 51 46 50 49 54 .
Asian
Mean age (yrs.) 31 38 36 43 41
Mean income ($) 35,900 30,200 | 104,000 77,000 125,900 -- -
Ethnicity: Hispanic (%) 10 6 16 18 6 16 14 18 to 29
Race: White (%) 24 13 57 52 73 58 54 30 to 49
Race: Black (%) 71 87 12 21 15 9 14
S o 50 to 64
Race: Asian/Pac. Isl. (%) 4 0 15 9 8 27 26
Race: Mixed (%) - - 6 6 4 8 7 65 and older
Race: Other (%) 4 0 10 12 2 5
Has disability (%) 3 4 8 HS grad or less
Has smartphone (%) 94 85 - - - 98 85
Some college
Bachelor's degree
MARTA= Metropolitan Atlanta Rapid Transit Authority Advanced degree
NJT= New Jersey Transit
WMATA= Washington Metropolitan Area Transit Authority Less than $35.000

BART= Bay Area Rapid Transit
535,000 to $74.999

$75.000 to $149,999
$150,000 or more

Suburban
Urban

Ride-Hailing Adoption Rates by
Demographic and Geography?

20%
23%

21%
27%
22%
23%

36%
13%
1%
14%
28%

15%
20%

25%
33%

14%
2g%

1TRB. (2018} K2 Qa4 wWARAY3 ¢b/ & I yR 2 KI ®htth:Zo8liaepubgitrb.ar§dninepBiba/Ndbinadzd §0318pdi ISy OA Sa

2.Institute of Transportation Studies, University of California, Davis. (2Distuptive Transportation: The Adoption, Utilization, and Impacts oftRailang in the United States

https://itspubs.ucdavis.edu/wgontent/themes/ucdavis/pubs/download_pdf.php?id=2752
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3. The use of transportation network companies (TNCs) is growing.
Aln 2017, Massachusetts sav64.8 million ride-hailingO OEP O 8

A8 Al I B A @dgmilliéd trips on public transit and 5.9 million by taxi..!

more than one out of every 100 trips over the entire MAP@egion.2

Overall Travel Mode Share of Ride -Hailing Trips
Concluding in Greater Boston Region Municipalities 3

% Origin Trips per Person

: 0.00 - 0.01
Cambridge (64.49) 0.01-0.06
0.06 - 0.18
018 - 0.35
B 035-060
I 060 -1.08
[l 108-210
210 -10.49
[ 10.49 - 64.49

Boston (56.53)

Amherst (7.52)

Hadley (7.68)

4

m /Nantucket (18.10)

1. Commonwealth of Massachusetts. (201R)de for Hire Task Fordetps://www.mass.gov/orgs/ridefor-hire-taskforce

2. MAPC (2018)Share of Choices: Further Evidence of thehradiing effect in Metro Boston and Massachusgttsps://www.mapc.org/farechoices/

3. Departmentof Public Utilities Transportation Network Company Division. (2®Rifleshare in Massachusetts.
http://massgis.maps.arcgis.com/apps/MapSeries/index.html|?appid=f7efe80f5d3b49b6b7fc8d2d65469efa 44
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3. The use of transportation network companies (TNCs) is growing.

A In Massachusetts, almost half aide-hailing trips would have been completedn transit if TNCs were not available, an80 percentof those
trips occurred during rush hour.t

A Weekend nights dominate usage, although rush hour usage varies across locations in the?J.S.

TNC Ridership by Time of Week in Select Cities 2
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1. MAPC (2018) Fare Choices: A Survey of Ritigling Passengers in Metro Bostattps://www.mapc.org/farechoices/
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3. The use of transportation network companies (TNCs) is growing.

A This trend in usage is likely because parking concerns and alcohol consumption are two of the top reasons for using TNCGeeib) 1St

Reasons for Using Ride-Hailing Services Instead of Driving Oneself !

All Respondents Lishian Suburban

To avoid driving when
I might have alcohol

Parking is too
difficult to find

Parking is too expensive

| am often going
to the airport

Driving in my city
is stressful

L 2F0Sy R2y Qi FSSt¢
like driving

| am often running late

To use my phone or
computer during the trip

503 0° £0% ~50% 0 50% -50% 0" 50

Mast Important Least Impartant

1.Institute of Transportation Studies, University of California, Davis. (2Distuptive Transportation: The Adoption, Utilization, and Impacts oftRéaleng in the United States
https://itspubs.ucdavis.edu/wgcontent/themes/ucdavis/pubs/download_pdf.php?id=2752
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3. The use of transportation network companies (TNCs) is growing.

A Massachusetts signed legislation in 2016 regulating and taxing TNCs.

A Massachusetts assesses TNCs a $0.20-gde fee on every trip started inthe state?

A After factoring in the impact on transit ridership and the pefride TNC fee, there was about $10 million net revenue loss to tkeO A OA 6 O

transportation system in 2017 due to TNCS.

Revenue of Ride-Hailing Trip Fees for Massachusetts Communities 2

Community Trips Started Fees
Lawrence 350,752 §35,075
Salem 296,482 $29,648
Methuen 104,578 $10,457
Haverhill 104,076 $10,407
Peabody 177,346 $17,734
Danvers 87,187 58,718
Beverly 121,950 $12,195
Andover 85,159 $8,515
North Andover 55,409 $5,540
Swampscott 51,522 $5,152
Marblehead 43,184 $4,318
Newburyport 26,196 52,619
Middleton 11,809 $1,180

1. Commonwealth of Massachusetts. (201Ri)de for Hire Task Forg¢gtps://www.mass.gov/orgs/ridefor-hire-taskforce

2. Eagle Tribune (North Andover, MA). (2018assachusetts cities, towns make thousands from-hidiéing fees

http://www.eagletribune.com/news/merrimack_valley/massachusetisiestowns-makethousandsfrom-ride-hailingfees/article c73fé5e-805711e8b64b-dfele0c5140c.html

3. MAPC (2018) Fare Choices: A Survey of Ritiéling Passengers in Metro Bostottps://www.mapc.org/farechoices/

a7


https://www.mass.gov/orgs/ride-for-hire-task-force
http://www.eagletribune.com/news/merrimack_valley/massachusetts-cities-towns-make-thousands-from-ride-hailing-fees/article_c73f7e5e-8057-11e8-b64b-dfe1e0c5140c.html
http://www.eagletribune.com/news/merrimack_valley/massachusetts-cities-towns-make-thousands-from-ride-hailing-fees/article_c73f7e5e-8057-11e8-b64b-dfe1e0c5140c.html
http://www.mapc.org/wp-content/uploads/2018/06/Share-of-Choices-PDF_Edited.pdf
https://www.mass.gov/orgs/ride-for-hire-task-force
http://www.eagletribune.com/news/merrimack_valley/massachusetts-cities-towns-make-thousands-from-ride-hailing-fees/article_c73f7e5e-8057-11e8-b64b-dfe1e0c5140c.html
https://www.mapc.org/farechoices/

3. The use of transportation network companies (TNCs) is growing.

ATNCs are rapidly gaining mode share at Logan Airpott.
A TNCs generally do not share their data freely; however, legislatures and public agencies may mandate titway provide someof the data?

Logan Air Passenger Ground Access Mode Share Estimates, Combined Pick-Ups and Drop-Offst

30%
25%
20%
15%
10%
e Ml RRE
o [ 1| | T ||
Limo/Van Taxi Logan Private & MBTA MBTA Parking Private Rental Gar  Other
Express Charter Bus BlueLine Silver Line PU/DO (2) Modes (3)

B Feb. 2016 - Jan. 2017 M Feb. 2017 - Jan. 2018 B Nov. 2017 -Jan. 2018

1. Massachusetts Port Authority. (2018yansportation Network Company (TNC) Operations at Logan Internafiopatt.
2. ITProPortal(2018) Does Mobility as a Service hold the answer to the fututeabport?https://www.itproportal.com/features/doesmobility-asa-servicehold-the-answerto-the-

future-of-transport/
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4. Mobility as a Service (MaaS) looks to change how people plan, pay for, and take trips.

A MaaSprovides mobility options without requiring the user to own the means of transportation (ride-hailing, bike-sharing etc), though some

definitions go further specifying it as the integration of various forms of transport services into a single mobility servidbat is accessible on
demand(i.e.use one app to plarand pay for a doorto-door trip using multiple modesz both public and private).?

Functions of MaaSOperator !

-G - =.

Multimodal Joumey Planner }

m } Payment & Ticketing
Integration

Information &
Planning Integration

Source: UCMaaSLap2015

1.MaaS Alliance. (201 ®uidelines & Recommendations to create the foundations for a thriving MaaS Ecogygienimaas-alliance.eu/wpcontent/uploads/sites/7/2017/09/MaaS
WhitePaper_final_040912.pdf
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4. Mobility as a Service (Maa$§) looks to change how people plan, pay for, and take trips.

A Integrated MaaSis available in some formgoday. Europe leadsthe U.S. imdoption.!

Locations of Existing MaaS Providers 1

MaaS is
v v Here
v Today!

e

Visit www.maas-alliance.eu/maps for updated information!

1. TRB. (2018Nail it or Fail it: Building a Successful Mobility as a Service Btipry/onlinepubs.trb.org/onlinepubs/webinars/180618.pdf
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4. Mobility as a Service (Maa$§) looks to change how people plan, pay for, and take trips.

AEven as ridehailing grows, TNCs are beginning to invest in micrmobility options, which are becoming more popular, especiallgs travelers
are trying to avoid rush-hour congestion?

Distribution of Trips by Time of Day for Jump (Electric Bike -share) and Uber?

JJJ,J.illlliiiiiﬁi‘iI]]]

3AM 6AM 9AM Noon 3PM 6PM 9PM

m)UMPEUber

Proportion of trips

1. Curbed. (2018). Scooters andikes begin to replace car tripsttps://www.curbed.com/2018/7/24/17604772/ubetime-jump-bikesscooters
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4. Mobility as a Service (Maa$§) looks to change how people plan, pay for, and take trips.

A Transit agencies see MaaS as a way to increase the mobility options they can offer to travelers (gile;share micro-transit).*
AFounderof Maasb O1 OEAAO 7EEI j OEA O. ACAI E® 1 £ OGOAT OBl OOCAGEIT 1 6 A GIA dar. Griat
1LAAGO AA AT PPAOAAT A O EO86

Potential for MaaS in Different Geographical Scope?

 Objectives: reduce the use of private cars (causing problems related to
congestion, parking and emissions and air quality)

- Based on: existing public transport, extended with rental and shared cars and
bikes etc

* Objectives: No need for a second car, first mile & last mile accessibility
- Based on: park & ride services, on-demand transport and other services
connecting suburban to city transport services

* Objectives: increase efficiency, maintain sufficient service level, improve
accessibility

- Based on: demand-reposonsive transport, taxis, buses and connections to
long-haul transport, car-pooling: parcel deliveries, library services, grocery &
medicine distribution as add-on services

» Objectives: offer easy all-in-one packages
« Based on: long-haul transport services (incl. aviation), ride-sharing:
accommodation, event tickets as add-ons

1. Mass Transit. (2018Jransit Trends for 2018 and Beyohtps://www.masstransitmag.com/blog/12389128/transitendsfor-2018and-beyond

2. Deloitte Review. (2017T.he rise of mobility as a servitgtps://www?2.deloitte.com/content/dam/Deloitte/nl/Documents/consumebusiness/deloittenl-cb-ths-rise-of-mobility-asa-
service.pdf

3. MaaSAlliance. (2017)Guidelines & Recommendations to create the foundations for a thriving MaaS Ecos$ygistimaas-alliance.eu/wpcontent/uploads/sites/7/2017/09/MaaS
WhitePaper_final_040912.pdf
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https://maas-alliance.eu/wp-content/uploads/sites/7/2017/09/MaaS-WhitePaper_final_040917-2.pdf

4. Mobility as a Service (Maa$§) looks to change how people plan, pay for, and take trips.

A Uber is adding bikesharing, carsharing, transit start-ups, and, more recently, scooters in an effort to expand mobility options

A While micro-transit start-ups have not always panned out, they may have a place as part of a bigger system like MaaS.

https://www.bloomberg.com/news/articles/20187-09/uber-will-rent-scootersthroughits-app-in-partnershipwith-lime

1. CityLab. (2018 ber Pivots to Oidemand Everythindpttps://www.citylab.com/transportation/2018/04/ubespivotsto-on-demandeverything/557528/
2. Bloomberg. (2018l Jber Is Building Its Own Scooter to Compete in Fratipg://www.bloomberg.com/news/articles/20188-30/uber-embracesbikesscootersasthe-future-of-

urbantransport
3. CityLab. (2017Bridjls Dead, But Microtransit Isnhttps://www.citylab.com/transportation/2017/05/bridjis-deadbut-microtransitisnt/525156/
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https://www.bloomberg.com/news/articles/2018-07-09/uber-will-rent-scooters-through-its-app-in-partnership-with-lime

5. New trends and technology will impact congestion, as will attitudes towards ride and vehicle

sharing.

A Many studies find TNCs are already contributing to congestidh.
Aa. #0 11T E O OAAGAA AAO T xT AOOEEPh AOO OEAEO OOA 1 AU O ddséobnyesioi? 1

A Consumers interested in vehicle subscription services still see personal vehicles as their primary mode of transportatfon.

Passenger Hailing a Ride from a TNC*

1. Chicago Tribune. (201&tudies are increasingly clear: Uber and Lyft congest.ditigs//www.chicagotribune.com/bluesky/technology/etiber-lyft-congestion20180225story.html

2. Government Technology. (2018)ber, Lyft and Other Mobility Options are Shaking Up Parkitim//www.govtech.com/fs/UberLyftand-Other-Mobility-Options ShakingUp-
Parking.html

3. IBM Institute for Business Value. (201&8)ew relationshigpeople and cars: How consumers around the world want cars to fit theschittps://www -01.ibm.com/common/ssi/cgi
bin/ssialias?subtype=XB&infotype=PM&htmlfid=GBE03718USEN&attachment=GBE03718USEN.PDF

4. CultureMap Austin. (2017New ridehailing service arrives in Austind dzii A G Q& . hft@/(austin xitBemapic&midews/innovation/0®1-17-new-ride-hailingservice
pickuptest-capitatmetro/ 54
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http://www.govtech.com/fs/Uber-Lyft-and-Other-Mobility-Options-Shaking-Up-Parking.html
https://www-01.ibm.com/common/ssi/cgi-bin/ssialias?subtype=XB&infotype=PM&htmlfid=GBE03718USEN&attachment=GBE03718USEN.PDF
http://www.chicagotribune.com/bluesky/technology/ct-uber-lyft-congestion-20180225-story.html
http://www.govtech.com/fs/Uber-Lyft-and-Other-Mobility-Options-Shaking-Up-Parking.html
https://www-01.ibm.com/common/ssi/cgi-bin/ssialias?subtype=XB&infotype=PM&htmlfid=GBE03718USEN&attachment=GBE03718USEN.PDF
. http:/austin.culturemap.com/news/innovation/06-01-17-new-ride-hailing-service-pickup-test-capital-metro/

5. New trends and technology will impact congestion, as will attitudes towards ride and vehicle

sharing.

A The potential of MaaS to reduce congestion is predicated on it minimizing the reliance on private vehicles for transportatidtmeeds to
incorporate public transit and shared ridest

A Automated Vehicles (AVs) will play a large role in the adoption of TN@sd MaaS, with predictions of up tB0 percentof miles in Urban areas
being completed by shared AVS.

People Miles Driven, by Future State 2

As the population grows and new population segments gain access to mobility, miles driven will
likely increase by up to 35%, with shared mobility accounting for the vast majority of them

ANNUAL MILES DRIVEN IN MILLIONS 2040: Shared mobility
accounts for ~80%
5,000,000 - of miles driven
2025: Shared
driver-driven vehicles
4,500,000 < account for >10% of
miles driven
4,000,000 -
n Incremental change
3,500,000 o n _Aworld of carsharing
n The driverless revolution
n A new age of accessible
3,000,000 = autonomy
2,500,000 o 2022: Use of
personally owned
driver-driven vehicles
2,000,000 begins to decline
1,500,000 =
Introduction of shared (2020)
and personally owned (2022)
1,000,000 - autonomous vehicles
500,000 -

2015 2020 2025 2030 2035 2040

1. ITProPortal(2018) Does Mobility as a Service hold the answer to the future of tran®ptgs://www.itproportal.com/features/doesmobility-asa-servicehold-the-answerto-the-
future-of-transport/

2. Deloitte Review. (2018%earing for change: Preparing for transformation in the automotive ecosystérs://www?2.deloitte.com/insights/us/en/focus/futureof-mobility/future-of-
mobility-transformationin-automotive-ecosystem.html
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5. New trends and technology will impact congestion, as will attitudes towards ride and vehicle

sharing.
A Despite the fact thatridesharing is commonfeature in many predictionsfor the future, carpooling in the U.S. has been declining in receygars.

A Uber contendsthat the complexity of carpooling is a major reasoiit is not more prevalent; services likeUberpool and Lyftline will reduce
complexity and have seen significant ridership increases since thdaunch8 2
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1. Planetizen (2018).The Decline of CarpoolingCan ApgBased Carpooling Reverse the Trehtps://www.planetizen.com/node/74522/declinearpooling%E2%80%94capp-
basedcarpoolingreversetrend

2. Uber Newsroom. (2016%lugs on Earth Dafgttps://www.uber.com/newsroom/earthday-16

3. Washington Post (20183ervices likelberPooklre making traffic worse, study saystps://www.washingtonpost.com/news/dgridlock/wp/2018/07/25/a-new-study-saysservices
like-uberpootare-makingtraffic-worse/?utm_term=.98d7ac55b380 .
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5. New trends and technology will impact congestion, as will attitudes towards ride and vehicle

sharing.

A Some cities, such as Portland. are rolling out new approaches to allocating street spaces to reduce congestioh O O1 A irt BafisGor A A /]
removing parking spaces in the congested downtown to increase the land area set aside for bus and bike lands from 4 to Gep¢snd increase

total people-carrying capacity of downtown street by an average of 60 percerit

Increasing Street Capacity without Adding Cars?

REDESIGNED STREETS CAN ACCOMMODATE A GROWING CENTRAL CITY
2,500 2,500
PER HOUR 2 OOO

..... -
PEOPLE EOPLE
PER HOUR PER HOUR

PROPOSED PROTECTED AUTO/BUS AUTO AUTO AUTO BUS AND PROTECTED
BIKE LANE TURN LANE BIKE LANE

1. Streets Blog. (2018p.ortland Will Grow But Without AddingCars https://usa.streetsblog.org/2018/11/16/howportland-plansto-grow-its-downtown-without-addingcars/
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6. These new transportation options potentially play a big role in improving mobility.

A Automation will make TNCs and MaaS more caosfficient and improve adoption, though public transit will still be the least expesive option for
users?

A.Ax T TAEIEOU 1 POEIT O AOA POI i POEI C PAOEEI C POIDAA GEABIOEA Il @ b@iowEA
best to use current parking facilities given newtrends and technology?

Automation Decreases Cost of Shared Rides, However Transit Still Costs Less?
2030 z United States

$1.20 » System O&M
$1.00 » Inf. O&M
S0.80 m Inf. construction
0.60
$ Driver
$0.40
: » Fuel purchase
0.20
o i . » Vehicle D&M
> < # Vehicle purchase
K
PN

1.Institute of Transportation Studies, University of California, Davis. (20&i@e Revolutions in Urban Transportatibtips://steps.ucdavis.edu/wp
content/uploads/2017/05/STEPS_ITBRReport5-10-2017-2.pdf
2.Government Technology. (2018)ber, Lyft and Other Mobility Options are Shaking Up Parkihg//www.govtech.com/fs/UberLyft-and-OtherMobility-OptionsShakingJp-

Parking.html
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6. These new transportation options potentially play a big role in improving mobility.

A These technologies and innovations are not solely for private transportation, but can improve and reshapeblic transit as well?

A A rural Ontario town of 36,000 provided 26,700 transit trips ineight months and saved hundreds of thousands of dollars by partnering with
Uber, instead of adding fixed bus routes.

A The MBTAIs running a pilot program with Uber and Lyft to offer ondemand transit service to RIDE customers at a subsidized r&t@hich helps
provide more rides and lower costst

"AT AEEOO 1 Aemand®ilod*d /1

Average MBTA Cost Total Trips Per Month
Q2 FY18 Q2 FY18
-62%
| 20,000~ +43%
$40.00 I
$40- 16,171
15,0004
30 Uber/Lyft
10,0004 7,989
20' v
$15.27 Traditional
RIDE Traditional
104 5,000+ RIDE
11,278
8,182
Traditional RIDE Cost Uber/Lyft Cost 0- Pre-Pilot Pilot

1.The Verge. (2018.S Ol y Qi F2NBSG Fo2dzi Y aa O NINY ¥ & bLI20hEEwivivgh§rard.con/2018/6/ 226773460 11/ Giturtd fRrdzi§ mwhbion 2 F
publicbusespedestriansgetpack

2.Toronto Star. (20181 Y+ £ € hy dF NA2 (26yQa ! 6SNJ LI NIy S NH. KitodIwdetidzstaR coi/hedis/dial2018/G4A Fsinakdn@rddownsyberR A |
partnershipcould-signaishift-for-canadianpublictransit.html

3. MBTA (2018) OnDemand Paratransit Pilot Prograimtps://www.mbta.com/accessibility/theride/on-demandpilot

4. MBTA. (2018). The RIDE-Demand Paratransit Pilot Review of Results and Discussion of Futur@tRlar/.cdn.mbta.com/sites/default/files/fmcbmeeting
docs/2018/february/201802-26-fmcb-ride-pilot-revised. pdf 59



https://www.theverge.com/2018/5/12/17346014/future-of-transportation-public-buses-pedestrians-jetpack
https://www.theverge.com/2018/5/12/17346014/future-of-transportation-public-buses-pedestrians-jetpack
https://www.theverge.com/2018/5/12/17346014/future-of-transportation-public-buses-pedestrians-jetpack
https://www.thestar.com/news/gta/2018/04/12/small-ontario-towns-uber-partnership-could-signal-shift-for-canadian-public-transit.html
https://www.thestar.com/news/gta/2018/04/12/small-ontario-towns-uber-partnership-could-signal-shift-for-canadian-public-transit.html
https://www.thestar.com/news/gta/2018/04/12/small-ontario-towns-uber-partnership-could-signal-shift-for-canadian-public-transit.html
https://www.mbta.com/accessibility/the-ride/on-demand-pilot
https://www.mbta.com/accessibility/the-ride/on-demand-pilot
ohttps://cdn.mbta.com/sites/default/files/fmcb-meeting-docs/2018/february/2018-02-26-fmcb-ride-pilot-revised.pdf
ohttps://cdn.mbta.com/sites/default/files/fmcb-meeting-docs/2018/february/2018-02-26-fmcb-ride-pilot-revised.pdf
ohttps://cdn.mbta.com/sites/default/files/fmcb-meeting-docs/2018/february/2018-02-26-fmcb-ride-pilot-revised.pdf
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7. Density impacts, but does not need to define, transit options.

A Seven dwelling units per acre is the average density required to support basic-Binute bus servicelyet increasing density without planning or
funding will not improve the quality of public transit.?

Urban Density versus Transit Use in the Los Angeles Region, 1990 !
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1. Reconnecting America. (2018gatured Topic: Transit Supportive Densityp://www.reconnectingamerica.org/resourceenter/transitsupportivedensity/
2. Public Transport Users Association (PTUA). (20M8h: Viable public transport requires high population densitiégs://www.ptua.org.au/myths/density/
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7. Density impacts, but does not need to define, transit options.

A The private sector has consistently increased its funding foFransportation Management AssociationéTMAS) in Massachusetts municipalities to
increase transportation options?

I PRIVATE FUNDING I PUBLIC FUNDING : ! 0 0 6
$18,000,000

$17,000,000
$16000.000 17,637 tons
$15,000,000
$14,000,000 CO2 Emissions Reduced
513,000,000
$12,000,000
Spasicosd 37,794,911
$10,000,000 Vehicle Miles Reduced
$9,000,000

£8,000,000 429

z:gzﬁ Education/Outreach Events

$5,000,000
$4,000,000
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Since 2009, MassCommute TMAs have received a combination

of public (MassDOT) and private (membership dues) funds. 2 O 1 4

Government support has triggered even more private sector
investment in transportation, yielding continually
growing public benefits. 42,000 tons
CO2 Emissions Reduced

$2,900,000 in public funding has been leveraged into
$75,850,826 in private sector investment since 2009. 109,923,335
Vehicle Miles Reduced

5 < 1007
T Private Dollars resuits v T Public Benefits Education/Outreach Events

1. "MassCommute(2015) MassCommutd MAs: Successful Pubiidvate Partnerships for a Better Massachusetts, Decade at a Glanc@0DB5
http://static1.1.sgspcdn.com/static/f/1287395/26336065/1435090885643/MassCommute+TMA+Trends+Brochure.2815.pdf
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7. Density impacts, but does not need to define, transit options.

Aln U.S. subu_rban and rural areas, people improvise to fill transit system gaps, such as carpools that pick up from bus sistipnother fixed points
j AEA OOl Ovpeolsco q AT A

A In Massachusettstural areas have limited usage of TNCs, as usage is concentrated in Greater Bo&ton.

ARTAs provide some coverage, but the majority of rural communities do not have access to public tragsit.

TNC Ridership Is Low in Rural Areas 2 RTA Service Areas and Bus Routes (shown in red) 3
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1. Mobility Lab. (2018Noncar modes already play a huge role in suburban and rurahtifes://mobilitylab.org/2018/05/18/noncarmodesalreadyplay-a-hugerole-in-suburbanand
rural-life/

2. MassGIS(2017) TNC Trip Origingttp://massqgis.maps.arcqgis.com/apps/MapSeries/index.html?appid=f7efe80f5d3b49b6b7fc8d2d65469efa
3. MassDODffice of Transportation Planning. (2018)ap of RTA Service Areas and Bus Routes.
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7. Density impacts, but does not need to define, transit options.

A While some predict that rural riders will be late adopters ofMaaS8 *
A8 OE A -up OidedyMobility Now is looking to fill transit gaps in rural areas in theU.S?

A Nationwide, transit ridership is increasing proportionally faster in rural areas than urban areas, despite decreasimppulation.?

National Ridership and Population Trends 3
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1. RethinkX(Seba. (2017). Rethinking Transportation 262030.https://www.rethinkx.com/transportation/

2.NPR(2017)Ride Hailing In Rural America: Like Uber With A NeighborlyhEeel//www.npr.org/sections/alltechconsidered/2017/04/17/524339669/ridwilingin-rural-america
like-uber-with-a-neighborlyfeel

3. American Public Transportation Associati®TA. (2017)t dz6 f A O ¢ NI yaLR2 NI A2y Q&
https://www.apta.com/resources/reportsandpublications/Documents/ARPRArat Transit2017.pdf
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Why do Connected and Autonomous Vehicles
(C/AVs) matter?

Connected and Autonomous Vehicle€C{AVs) are beqginning to impact the transportation market

C/AVs have the potential to increasehe safetyof OO A OAT AOOS8

s o~ - A~ ~

A~ - . - A~ ~
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C/AVswill be a source of massive amounts of data; how that data is handled and shared is an
important question.

COMMISSIONON THE FUTURE OF TRANSPORTATION IN THE COMMONWE

65



Summary

1. Connected and autonomous vehicles (C/AVs) are beginning to impact the transportation market.

A Connected vehicle technology will enable vehicles, roads and other infrastructure, and our smartphones to all communicate simate
vital transportation information through advanced wireless communication technology

AdEA OABOI T 11 U8 1T £ OAEEAAEDEANADAMITFONANA GEA T1AAOMAT.AAE ADATOEA OAEEA]
AForty two states have passed or are considering AV legislation.

A At the same time, many automakers are making substantial investmeritsdeveloping C/AVs.

AEven after fully autonomous vehicles are the norm in showroomghere will be a long lag until most vehicles on the road are autonomous
because fleet turnover is decreasing; as evidenced by the increasing average age of vehicles on the road.

ABy 2040, we could see anywhere frori0 to75 percent of vehicles at level 4 automation.

Aln the future, AVs could make up 87 percent of ridhailed trips, which is a mode that is rapidly increasing its share in the Bton area.

AHowever, all vehicles do not contribute equally to total miles driven: it is possible the percentage of trips completed bysAMIl be much
higher than the percentage of vehicles that are autonomous.

2. C/AVs have the potential to increasethe OAEZAOU 1T £ OOAOATI AOOS

A Over90 percentof all crashes are caused by human error.

A While driver-AOOEOO AAAOOOAOh OOAE AO AOOI I AGEA AT AOCAT AU AOAAEET Ch E
AgAEOI 1T U ABOIT111 6060 O6A0OO OAEEAIAOC xAOCA 116 A
accident type (primarily being rear-ended by other drivers).!

e

AAT 1T 1T OO0OAAI U 1GrkeEd O OF

Determining safety can be very difficult due lack of data, statistical uncertainties, types of accidents considered. and poréd
accidents ?

A Broadcasting Signal Phasing and TimingfPaT to vehicles, even without automation, can save thousands of livés.
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A BroadcastingSPaTto vehicles could reduce arterial delays b0 percent.

AHighway capacity could increaséy more than100 percentper lane when utilized solely byconnected and autonomous vehicles.

AHighway capacity could be further increased due to the added precision of autonomoushicles,which would allow for narrower lanes.
However, narrow residential lanes that require coordination for two-way traffic could pose an issue.

A A mixed fleet ofautonomous andhuman drivers will have an uncertain impact on road capacity

331 11T OEAO AOEOEI ¢ Ai Oi A Ei DOT OA OOAEAEAEA &I T x AU OAAOAEI ¢ DPEAT O
938A [ E@AA &A1 AAOC 1T £ AOOI i ACAA AT A EOI AT AOCEOAOO AT OI A ET AOAAOGA
18 8AT A AEAT GCA ET xh xEAOAh AT A xEAT DATDBPIA xEIl OOAOAI 8

A People will travel longer distances in an AV because they can do other things in the vehicle besides drive.

A If C/AVsreduce congestion, additional travel may be generated by drivers who were forgoing or adjusting travel to avoid congestion.

A AVs will also provide mobility by allowing travel by those currently unable to drive, such as the young, the elderly, athdse with
disabilities.

e However, depending on technology and mapping requirements, these benefits may arrive later to rural communities

A AVs that aredriving without passengersor driving farther away to park will add more miles traveled to the transportation systen$

AB8AOO OEAO AAAARAA OOAOAT xEIT I .YétlitEould rApfade GO tESIt ttibs i dorofvi BEddton AncrbaSidgO O E |
congestion and travel times by 5.5 percent.

A Reduced parking needs could result in new developable land. which would attract or generate trips.

v8 | 00T I AGETT AT A AiT11AAOEOEOU xEIl EIi PAAO 1T AAO T £ OOAT OP]
A AVs arelikely to arrive in fleet applications before private ownership due to the profit potential and stricter control on whenwhere, and
how they are used.

A Ride-hailing companies are particularly interested in AVs because drivers are a major cost.

A Similarly, autonomous buses could offer an opportunity for increased service and more on demarmaites.

A The trucking industry may also see massive benefits from automated drividgncluding drastically increased trips which are currently
limited by the supply of drivers.

A Delivery vehicles could occupy sidewalks and bikianes.
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A Current road systems are built for human drivers.

A Narrower lanes and increased lane capacities could provide road space to alternate transportation modes, new gregace Or new
development.

A Parking priorities could also shift, freeing up a great deal of high value lanish Boston, AVs could obviate the need for roughly half as
many parking spots on streets and in garages.

A Instead of parking lots, drop off zones may become a priority

7. C/AVs will be a source of massive amounts of data; how that data is handled and shared is an important question.

A C/AVswill generate a tremendous amount of data, ranging from road conditions to video images of surrounding landscape and traveler
Someof that data will need to be shared in real time.

A Some of the data will be usefuor analytics and improving the system, if agencies are equipped to process it.
A The data may provide a new revenue source for vehicle manufacturers, roadwagerators, and third party companies
A However, the infrastructure required for these services may not be economically attractive for rural areas.
A All of the data will come with many privacy and security concerns.
e Some companies are already beginning to address customer concerns about their data.
A Connectivity is not a single issue, as different types of connectivity have different needs and benefits.
e Vehicleto-vehicle (V2V) can improve flow and reduce crashes.
e Vehicleto-infrastructure (V2I) can share road hazard and traffic control information.
3 Vehicle-to-everything (V2X) or vehicleto-network (V2N) can provide other services and conveniences.
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1. Connected and autonomous vehicles (C/AVs) are beginning to impact the transportation

market.

A Connected vehicle technology will enable vehicles, roads and other infrastructure, and our smartphones to all communicate simte vital
transportation information through advanced wireless communication technology:
A4EA OAOGOIT 11 US 1T &£ OAEEA GFEDRIADAMTFONAA GHEIA 1TAAOMAT AAE MATOEA OAEEAI]

Visualization of connected vehicle communication !

1.USDOT: ITS Joint Program Office. (2018). What Are Connected Vehicles and Why Do We Ndeth3tiemvw.its.dot.gov/cv_basics/cv_basics what.htm
2.NHTSA. (2018). Automated Vehicles for Safetgs://www.nhtsa.gov/technologyinnovation/automatedvehiclessafety
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1. Connected and autonomous vehicles (C/AVs) are beginning to impact the transportation

market.

A Forty two states have passed or are considering AV legislatida.

States with AVs
Enacted Legislation and Executive Orders 2

Legend
B cnacted Legislation
I Executive Order
Both

None

1.Brookings Institute. (2018Lharts of the week: Autonomous vehicles, mobile money, and biases in online dutpsgsvww.brookings.edu/blog/brookingsiow/2018/05/04/charts
of-the-week-autonomousvehiclesmobile-moneyand-biasesin-online-courses/
2.National Conference of State Legislators (20A8jonomous Vehiclekttp://www.ncsl.org/research/transportation/autonomousehiclesself-drivingvehiclesenacted

legislation.aspx
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1. Connected and autonomous vehicles (C/AVs) are beginning to impact the transportation

market.
A At the same time, many automakers are making substantial investmeritsdeveloping C/AVs!

Navigant Research Automated Driving Systems Leaderboard, 2017 !
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1. Connected and autonomous vehicles (C/AVs) are beginning to impact the transportation

market.

A Even after fully autonomous vehicles are the norm ishowrooms,! there will be a long lag until most vehicles on the road are autonomous

because fleet turnover is decreasing; as evidenced by the increasing average age of vehicles on the oad.

Increasing Average Age of U.S.
Light -Duty Vehicles (1995 -2016) 2
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1. Connected and autonomous vehicles (C/AVs) are beginning to impact the transportation

market.
A By 2040, we could see anywhere frorB0 percent? to 75 percent of vehicles at level 4automation 2
A In the future, AVs could make up 87 percent of ridbailed trips, which is a mode that is rapidly increasing its share in the Bton area3

Figure 7: The shift in Boston’s modal mix
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1.Victoria Transport Policy Institute. (2018utonomous Vehicle Implementation Predictions: Implications for Transport Planthirsg//www.vtpi.org/avip.pdf

2.Intelligent Transportation Systems Society. (20142 dz 62y Qi Yy SSR I  RildNs@eS NdR arg/ifsH2013/9%1 Syodnvdnt-neadm-griderslicenseby-2040
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4.Commission on the Future of Transportation in the Commonwealth. (20&8king at 2040 Update & Inputttps://www.mass.gov/doc/massdelokingat-2040-update-and-input-
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1. Connected and autonomous vehicles (C/AVs) are beginning to impact the transportation

EGE

A However, all vehicles do not contribute equally to total miles driven; so it is possible the percentage of trips completedAys will be much
higher than the percentage of vehicles that arautonomous?

Projected Share of VMT by Annual Mileage over
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1.Market Watch. (2018)Selfdriving cars could slash Uber, Lyft prices by 50%, BP chief economisttgas8www.marketwatch.com/story/seldriving-carscould-slashuber-lyft-

pricesby-50-bp-chiefeconomistsays201802-21
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2. C/AVs have the potential to increase thesafety i £ OOAOAI AOOS8

A Over90 percentof all crashes are caused by human errér.

A While driver-assist features such as automatic emergency breaking has been shown to reduce crashes...

Reason for the Critical Pre -Crash Event? Breakdown of Reasons for Driver Error

(This is not always the primary or sole cause of the event, but in the Critical Pre -Crash Event3
rather the final event that occurred before the accident)

; Other/Unknown
Environmental .
. . Non-Performance Errot Driver Error
Vehicle Errol Conditions 7% 7%
2% 3%
Recognition
Performance error
Error 41%
10%
Driver Error Decision Erro|
95% 35%

1.National Motor Vehicle Crash Causation Survey NHTSA. (B208B&n error as a cause of vehicle crashéps://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/811059

2.1IHS. (2016)J.S. DOT and IIHS announce historic commitment of 20 automakers to make automatic emergency braking standard on new vehicles.
https://www.iihs.org/iihs/news/desktopnews/ts-dot-and-iihs-announcehistoriccommitmentof-20-automakersto-make-automaticemergencybrakingstandardon-new-vehicles

3.Data from: National Motor Vehicle Crash Causation Survey NHTSA. (2088n error as a cause of vehicle crashes.
https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/811059 75
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(primarily being rear-ended by other drivers)?
e Determining safety can be very difficult due lack of data, statistical uncertainties, types of accidents considered, and poréed accidents?

A Broadcasting Signal Phasing and TimingPaT to vehicles, even without automation, can save thousands of livés.

Comparison of AV Accident Rates Across All Companies in California for September 2014 to March 2017
(Shows AVs nearly 10 times as likely to be in accident) 1

Type of Vehicle Total number of Accidents Total Miles Travelled Accident Frequency Miles per Accident
AV 26 1,088,453 2.38e-5 42,017
Conventional 6,296,000 3.148 trillions 2.0e-6 500,000

https://doi.org/10.1371/journal.pone.0184952.t004

Comparison of Accident Rates from SHRP 2 Data Set,

I AAT OT OET ¢ A1 O 51 OADPI OOAA 1 AAFART &6 AT 1T 1T cl AAA 1A
Accident Rate through October 2015 (Shows AVs Less Than Comparison of Type of Damage Sustained by the Vehicle
Half as Likely to be in an Accident) 2 (Rear-End Damage Higher for AV)?!
B SHRP 2 Age-Adjusted @ Self-Driving Car in Autonomous Mode Vehicle #1 (AV) Vehicle #2 (Conventional)
20
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: \
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s " Front Damage ™. " Front Damage
% 10 23% No Damage
8 - 62% “NA
g
4
£
g 5
o
0
Level 1 Level 2 Level 3

1.PLOS One. (201 Bxamining accident reports involving autonomous vehicles in Califatima://journals.plos.org/plosone/article?id=10.1371/journal.pone.0184952+#p01849529004

2.Virginia Tech Transportation Institute. (201&itomated Vehicle Crash Rate Comparison Using Naturalistic Data.
https://www.apps.vtti.vt.edu/PDFs/Automated%20Vehicle%20Crash%20Rate%20Comparison%20Using%20Naturalistic%20Data_FinaPo2! df

3.California PATH Program, Institute of Transportation Studies, UC Berkeley. [2@4sf)gating the Potential Benefits of Broadcasted Signal Phase and T8Riafj[Data under
IntelliDriveSMhttp://www.cts.virginia.edu/wpcontent/uploads/2014/04/PES_SPAT99_Final.pdf 7
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A BroadcastingSPaTto vehicles could reduce arterial delays b0 percent?
A Highway capacity could increaseéby more than100 percentper lane when utilized solely by connected and autonomous vehicles.

Average Safe Highway Capacity
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1.California PATH Program, Institute of Transportation Studies, UC Berkeley. ([2@4dt)gating the Potential Benefits of Broadcasted Signal Phase and T8Ra§Data under
IntelliDriveSMhttp://www.cts.virginia.edu/wpcontent/uploads/2014/04/PES_SPAT99 Final.pdf

2.Center for Urban Transportation Research. (20d8)hway Capacity Impacts of Autonomous Vehicles: An Assessment
https://pdfs.semanticscholar.org/713c/da5859535ca41986413e8c77c105f4898f2a.pdf

3.IEEE Spectrum. (2013tudy: Intelligent Cars Could Boost Highway Capacity by 2m8%//spectrum.ieee.org/automaton/robotics/artificiaintelligence/intelligentcarscould-boost
highwaycapacityby-273

4.ITE Journal. (2016)utonomous Vehicles: The Implication on Urban Transportation and Traffic Flow Hitigotywww.worldcat.org/title/ite -journal/oclc/614107147
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AHighway capacity could be further increased due to the added precision of autonomous vehicles, which would allow for narrodaes.

However, narrow residential lanes that require coordination for two-way traffic could pose an issué.

A A mixed fleet ofautonomousand human drivers will have an uncertain impact on road capacity
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Image Source:  Wired. (2018)IT TAKES A SINGLE AUTONOMOUS CAR TO PREVENT PHANTOM TRAFFIC JAMS.
https://www.wired.com/story/one-autonomouscar-preventtraffic-jams/?mbid=synd_digg

1.Urban Science. (2018&)eveloping Policy for Urban Autonomous Vehicles: Impact on Congégtiothwww.mdpi.com/2413-8851/2/2/33/pdf
2.Transportation Research Record. (20I8ansportation Planning for Connected Autonomous Vehicles: How It All Fits Together.

http://journals.sagepub.com/doi/full/10.1177/0361198118756632
3.Wired. (2018)IT TAKES A SINGLE AUTONOMOUS CAR TO PREVENT PHANTOM TR#&EEIG\IAMSed.com/story/one-autonomouscar-preventtraffic-jams/?mbid=synd_digg

4.Atkins. (2016)Research on the Impacts of Connected and Autonomous Velidles ¢n Traffic Flow.
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/530091/imjodietsnnectedand-autonomousvehicleson-traffic-flow-summary

report.pdf
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A People will travel longer distances in an AV because they can do other things in the vehicle besides dtive.

A If C/IAVsreduce congestion, additional travel may be generated by drivers who were forgoing or adjusting travel to avaidngestion 2

Impact of Autonomous Vehicles on Travel
Impact of AVs in a Future Scenario in Boston 3 Times broken Down by Neighborhood in
a Future Scenario in Boston 3

Current Future (Conjoint scenario)
an Number of vehicles s Boston
° ° ontheroad 1rRamliion E (overall)
Modest

9 9  Vehicle distance 8.8 million *

travelled (km)

Downtown Allston/Brighton
Parking spaces 10.0 . (Boston neighbourhood) = (Boston neighbourhood)
+5.5 improvement

Average travel time * | * n
“ (minutes) 12.0 _I/o Worsening

1.German Aerospace Center, Institute of Transport Research. (Zxti#hation of value of time for autonomous driving using revealed and stated preference method.
https://www.researchgate.net/publication/320373854 Estimation_of value of time for autonomous_driving_using_revealed agdi m&ference_method

2.Fehr and Peers. (201&ffects of NexGeneration Vehicles on Travel Demand and Highway Capattity/www.fehrandpeers.com/autonomousvehicles/

3.World Economic Forum. (2018eshaping Urban Mobility with Autonomous Vehicles Lessons from the City of Boston.
http://www3.weforum.org/docs/WEF_Reshaping_Urban_Mobility with_ Autonomous_Vehicles_2018.pdf 79
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A AVs will also provide mobility by allowing travel by those currently unable to drive such as the young, the elderly atitbse with disabilities. *

3 However, depending on technology and mapping requirements, these benefits may arrive later to rural communitfes
A AVs that aredriving without passengersor driving farther away to park will add more miles traveled to the transportation system. 3
ABAOO OEAO AAAARAA OOAOGAIT xEI 1 *Yel iOcolldkeblAcO shartQrenkitiripEin davinbwin@AstoA indr
congestion and travel times by 5.5 percent.
AReduced parking needs could result in new developable land which would attract or generate trifs.

Potential Impacts of AVs ©
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1.Huffington Post. (2017%elfDriving Cars: Transforming Mobility For The Elderly And People With Disabiliies/iwww.huffingtonpost.com/julespolonetsky/selfdrivinecars
transfor_b_12545726.html
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5.World Economic Forum. (201&eshaping Urban Mobility with Autonomous Vehicles: Lessons from the City of Boston.
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6.JohnBurns Real Estate Consulting. (208mig Housing Changes Thanks to Driverless [@grs.//www.realestateconsulting.com/&ig-housingchangeghanksdriverless
cars/?utm_content=61726555&utm_medium=social&utm_source=linkedin
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5. Automation and connectivity will impact modes of transportation beyond the personal

PAOOAT CAO OAEEAI A8

A AVs arelikely to arrive in fleet applications before private ownership due to the profit potential and stricter control on whenwhere, and how
they are used?

A Ride-hailing companies are particularly interested in AVs because drivers are a major cost

A Similarly, autonomous buses could offer an opportunity for increased service and more on demamaites.3

A The trucking industry may also see massive benefits from automatettiving 4 including drastically increased trips which are currently limited
by the supply of drivers.®

A Delivery vehicles could occupy sidewalks and bikienes®

Example of On-Demand Transit in France 3

Moving autonomously with Transdev-Delphi

A trip can be planned At a designated stoa The autonomous pod Customerarrives
via phone app or customer can buy and Q moves to next designated  at destination
computer by looking validate a ticket, then stop. All pods are safely and can no
at the driverless pod board the monitored for safety ata  plan a return trip
routes and times. autonomous pod. control center. or access another

form of transport.
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A Current road systems are built for human drivers.

A Narrower lanes and increased lane capacities could provide road space to alternate transportation modes, new eor new
development.?

What a Street Looks like Today Compared to What it Might Look Like
When Less Space is Neededor Vehicles?

1. Public Square. (2018treet design implications of autonomoehicleshttps://www.cnu.org/publicsquare/2018/03/12/streetlesigrimplicationsautonomousvehicles
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A Parking priorities could also shift, freeing up a great deal of high valdand.* In Boston, AVs could obviate the need for roughly half as many
parking spots on streets and in garages.

A Instead of parking lots, drop off zones may become a priorit§.

Comparison of Parking Spaces Available in Conventional Lots and AV Only lots *!

Conventional car-parks Autonomous vehicle car-parks
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1. Transportation Research Part B: Methodological. (2@&$igning Parking Facilities fdautonomous Vehicles.
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7. C/IAVs will be a source of massive amounts of data. How that data is handled and shared is an

important question.

A CI/AVswill generate a tremendous amount of data, ranging from road conditions to video images of surrounding landscape and travgl8ome
of that data will need to be shared in reaime.!

Autonomous Car Data vs. Human Data?

Data and the Connected Car?
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dataday.html

2.Futureof Privacy Forum. (2011pfographic: Data and the Connected Gafersion 1.0https://fpf.org/2017/06/29/infographicdata-connectedcarversion1-0/
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