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Economics of Public Policy Issues
AWeek 1 (3/02): Economic Update & Tariffs Geoffrey Woglom, Amherst College
A Week 2 (3/09): Trade and Globalization, Mina Kim, NEED
A Week 3 (3/16): Economics of Immigration, Robert Gitter, Ohio Wesleyan University
AWeek 4 (3/23): Autonomous Vehicles, Arkadiudronko, Kean University
A Week 5 (3/30): Climate Change Economics, Sarah Jacobson, Williams College
A Week 6 (4/06): Health Care Economics, RoBettelein VVassar College
AWeek 7 (4/13). Saving Social Security, Geoffrey Woglom
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@ilable NEED Topics Include:

AUS Economy Almmigration Economics
AHealthcare Economics AHousing Policy
AClimate Change AFederal Budgets
AEconomic Inequality AFederal Debt
AEconomic Mobility ABlackWhite Wealth Gap
ATrade and Globalization AAutonomous Vehicles
AMinimum Wages AUS Social Policy
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@omitting Questions

ASubmit questions in the chat or by raising your digital hand.
A 1 will try to handle them as they come up.

AShort break towards the middle of the talk if needed
AWe will do a verbal Q&A once the material has been presented.

ASlides will be available tonight.
(https://INEEDEcon.org/delivered presentations.phjp
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@:dits and Disclaimer ®

AThis slide deck was authored by:
A Jon Haveman, NEED

AThis slide deck was reviewed by:
A Ronald Fisher, Michigan State University
A William F. Fox, University of Tennessee, Knoxville
A Arkadiusz Mironko, Kean University

ADisclaimer
A NEED presentations are designed to be nonpartisan.

A It is, however, inevitable that the presenter will be asked for and will provide their
own Views.

A Such views are those of the presenter and not necessarily those of the National
Economic Education Delegation (NEED).
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AWhere does the AV path lead?

AHow soon will we get there?
A Policy/Planning, Economic/Development Changes

AWhat new business models will emerge?
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All vehicles fall into one of six levels of autonomy as defined by SAE
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https://www.freethink.com/hardtech/driverlesscar
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SAE AUTONOMY LEVELS

@-onomous Taxonomy

® LEVELO

Human driver is in
complete control. Maybe
the car shifts its own gears,
if you, you know, hate fun.

B LEVEL1

Driver must be ready to
take over at any fime.
Features like adaptive
TESLA MODEL S IS AT THIS LEVEL crU{se C?’ﬂro" pork.mg
assist with automatic
steering, lane keeping

LEVEL 2 #» assist, in any combination.

Automated system is doing

most of the driving,

including steering, braking,

and accellerating, but

human must be alert and

ready to take over at any B LEVEL 3

time. In specific situations and
environments, like highway
driving, the car is in
complete control. Human
driver can read or text or

LEVEL 4 & whatever if they want.

The car can drive itself
independently in most
environments, with some
exceptions for weather or
unusual environments.
Human may still need to
take over at times.

WAYMO

LEVELS &

All robot, all the time.
Humans just along for the
ride, and, ideally, fo tell
the car where to go.

No restrictions where the
car can drive.
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SAE
LEVEL O"

SAE
LEVEL 2"

SAE
LEVEL 1"

You are driving whenever these driver support features
are engaged - even if your feet are off the pedals and

What does the you are not steering

= human in the
driver’s seat

have to do?

maintain safety

You must constantly supervise these support features;
you must steer, brake or accelerate as needed to

These are driver support features

These features
are limited
to providing

warnings and
momentary
assistance

What do these
features do?

Source: https://www.sae.org/news/press
room/2018/12/saeinternationatreleases

updatedvisualchartfor-its- * automatic
9%E2%80%9Clevalbdriving ggi:gg”cy
automation%E2%80%9dandardfor-self Example .
drivingvehicles Features *blind spot

warning

Video:
https://youtu.be/zfkDXQ4pS2k

*lane departure
warning

These features
provide
steering

OR brake/
acceleration
support to

the driver

*lane centering
OR

* adaptive cruise
control

These features
provide
steering

AND brake/

acceleration
support to

the driver

*lane centering
AND

*adaptive cruise
control at the
same time

When the feature

SAE SAE

LEVEL 3"

LEVEL 4~

SAE J3016™ LEVELS OF DRIVING AUTOMATION"

Learn more here: sae.org/standards/content/j3016_ 202104

2021 SAE International. The summary table may be freely copied and distributed AS-IS provided that SAE International is acknowledged as the source of the content.

SAE
LEVEL 5"

You are not driving when these automated driving
features are engaged - even if you are seated in

“the driver’s seat”

requests,

you must drive

These automated driving features
will not require you to take
over driving

These are automated driving features

These features can drive the vehicle
under limited conditions and will
not operate unless all required
conditions are met

« traffic jam *|ocal driverless
chauffeur taxi

*pedals/
steering
wheel may or
may not be
installed

This feature
can drive the
vehicle under
all conditions

*Same as
level 4,
but feature
can drive
everywhere
in all
conditions
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A TIMELINE TO FULL AUTOMATION ® .. .‘ “
® o ©
Level 4 - High Automation Leved 5 - Full Automotion . ‘ .
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Identifying the Waymo Fully Self-Driving Vehicle

The Waymo fully self-driving Chrysler Pacifica Hybrid minivans can be easily identified by the white
color with Waymo logos, roof assembly, front fender additions, or rear roof additions below.

During driverless testing and operation, Waymo’s vehicles are fully self-driving at all times, and
will not have any person in the driver’s seat either steering or otherwise controlling the vehicle.

Roof
Assembly

Rear Roof
Addition

Front Fender
Addition

Front
Sensor

Rear Sensor

’ NATIONAL ECONOMIC https://www.thedrive.com/tech/24340/waymereleasesguidelinesfor-autonomousvehicletech-crashresponse »
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IN NEW FUNDING
ROUND VALUING THE
ROBOTAXI COMPANY AT

$126 BILLIO
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@ely future designs o:

https://www.imaginationtech.com/futureof-automotive/whenwill-autonomouscarsbe-
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@ely future designs
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dfejected GrowthPath

The self-driving
vehicle revolution 2050

An illustration of potential growth

2015 2020

Fully autonomous vehicles Consumers begin to AVs become the primary

(AVs) being developed for adopt AVs means of transport
consumers

McKinsey & Company
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@viyase rayoi 'tal é‘a"-.'[;
0.0
.O

A'In 1980, McKinsey & Company was commissioned by AT&T
to forecast cell phone penetration in the U.S. by 2000.

ACKS O2yadzZ 0FryidQa LINBRAOUIAZYZI o
Aol a fSaa O0KIYy M3 2F GKS | Oddz f

A Professor Angel Lozano, 2014
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@ee Important Questions:

1. When will Transportation as a Servicéga$ be available?

2. How quick will the transition be?

3. What will the future look like?
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WHENg
What do the headlines say?

<A NVIDIA.

NVIDIA to introduce level
enabling system by 2018

I
Auoi

Audi to introduce a self
driving car by 2020

Volkswagen

Volkswagen expectast
selfdriving cars on the
market by 2019

NATIONAL ECONOMIC

® o
‘0.0
® o
@)
@,
@TOYOTA

First autonomous Toyota
to be available in 2020

\=a=/

/ TESLA MOTORS

Elon Musk now expects
first fully autonomous
Tesla by 2019, approved by
2021
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@Corporations Working On Autonomous Vehide.g.‘.‘
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What do the headlines say? ¢

Forbes BusinessBreaking

Elon Musk Predicts Tesla SeiNA GA Y3 [/ | NR 2
ST NI

Robert Hart is a Londdamased Forbes seniaeporter.

Jul 6, 2023,

Source: https://www.forbes.com/sites/roberthart/2023/07/06/elomuskpredictsteslaseltdriving-carswill-arrive-this-year/
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Global autonomous vehicle market volumes by level ...'
of autonomy ‘..

Vehicle autonomy levels, units in thousands, 2016-36

B Levelt 0 Level2 ] Level3 [ Level 4 Level 5

60,000
40,000
20,000

2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036

Source: GlobalData

m NATIONAL ECONOMIC

EDUCATION DELEGATION




The total value of advanced driver-assistance systems and the autonomous-
driving hardware market could reach $55 billion to $80 billion by 2030.

Autonomous-driving hardware value pools,' $ billion

@ Domain control unit/electric control unit

® Camera '
Lidar
® Radar
® Sensors safety
~55-80

~20-30
2021 2025 2030
'cstimates are for the passenger car market
Source: Mckinsey Center for Future Mability
McKinsey & Company
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Automakers and Auto

Services Providers

Technology Providers

Parts Providers

M@DT

TESLA

@ @ TESLOOP

NVIDIA. '&;,V“\\\§

‘ @ am /]
TOYOTA e CEE
DELPHI O DiDi TRIL Coioirams

HYI.II'IDFII (Ontinental m B m @ —
@ @ @ GOOgle o RideCell PILOT \ 7 SWift

RENAULT HONDA et

M MAGNA © BOSCH
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Number of
participants
IS growing
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Level of Integration
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These Companies Are Testing Self-Driving Cars in California
Number of autonomous vehicles registered to be tested on public roads in California”

cruse I -
¢ I
W

W
r=sc~ [ :-
dnvear [N 14

& mm:

Qno T
Oy [

Srves S

Lol [

o ms

& m:

others | s5

@statistaCharts  Source; California DMV/Business Insider
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Although timelines are extending, Level 4 use cases are expected to
emerge by the end of the decade, with some variation across regions.

Timeline of Level 4 (L4) use cases expected to emerge by end of decade
@ Europe @ North America China @ Asia—Pacific Expected year of mass deployment,
average across regions

2025 2023
estimate estimate Netchange

2023 2025 2027 2029 2031 2033 2035

Passenger |3 highway pilot o e 2028 MNAA N/A
cars (up to 120 km/h)
L4 urban pilot’ -0 @ 2032 2030 +2
L4 or L5 robotaxi
{vehicle on demand) in . — e 2030 2029 +1

urban areas”

Trucks Driverless on highway, o | o Y 2029 2028 +1
hub te hub

Driverless on full
journey, on highway ® P 2032 2031 .
and to final destination
outside of highway

3

Questio

:In your estimation, what is the rollout (ie, commercial availability of vehicles or service) timeline for autonomous driving across use cases in your region?
in rk ure activities using in-car o solutions; there mig uations in which the

d mode with no driver and are accepting and conducting transportation requests (eg,

us re activities.

y Center for Future Mobility survey of global decision-makers, 2025 (n =91, 43 from Europe, 35 from North America, b from China, 7 from

Asia—Pacific, 1from other)

P.' NATIONAL ECONC McKinsey & Company "
EDUCATION DELEGA https://www.mckinsey.com/features/mckinsegenterfor-future-mobility/our-insights/future-of-autonomousvehiclesindustry#/




@EN?

What Is possible?

ABy 2026 (?)

APotentially 95% of VMT by 2035.
A Last 5% may be very difficult to achieve.

Als this possible? @
A Horses to cars: 10 yeagearly 1900s
A But adoption of EVs is so slow!

o Range anxiety and sticker shock. @

A Adoption of AVs will be rapid.
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@e of Technology Adoptioig Faster!

Technology adoption in US households, 1915 to 2019
Technology adoption rates, measured as the percentage of households in the United States using a particular
technology.
100% Vacuum
' Cellular phone
— ' Television
1 Automobile
Computer
80% Internet
Dishwasher
—— Tablet
60%
40%
Freezer
20%
O% -t
1915 1940 1960 1980 2000 2019
Source: Comin and Hobijn (2004) and others OurWorldinData.org/technology-adoption/ » CC BY

Note: See the sources tab for definitions of household adoption, or adoption rates, by technology type.
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» Speed of TaaS adoption
@e cast ...

| e

1 i
Timing may be off.
But the point is:
RAPID ADOPTION

E The Big Unknown

2017 2018 20419 2024 2021 gpo22 2023 2024 20256 2026 2027 2028 2029 2030

s |ndividual ownership miles I Say: 2030! YEARS

P, NATIONAL ECONOMIC === TasSmiles Copyright © 2017 Rethink x
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Waymo's self-driving cars are now %°

available on Lyft's app in Phoenix

Lyft and Motional’s all-electric robotaxi
service is how live in Las Vegas

Singapore's self-driving cars can now be
hailed with a smartphone

NuTonomy joins forces with ‘the Uber of Southeast Asia’
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New York
City

Waymo
. driving territory

Image courtesy of Waymo
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@ ForService AutonomoudaaS

AWaymo: Charging for rides in SF , LA, and Phoenix
AMotional: Las Vegas
AArlington, TX: Minibuseg Milo and Drive.ai

Aa2NBE | NB adzNBfé O2YAy3d az22yXo
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symo Is Exploring Phoenix, AZ

NATIONAL ECONomic Map of the Waymo Trusted tester area in downtown Phoenix.
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:ymo IS In Los Angeles, CA

(27)
Larchmont
Village

; A — ‘ - Westlake
Century City I ‘

Chéviot Hills : '
J f —1 t West Adams
= . . I University Park
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@Ckingq Highly Fertile Ground °

ALong haul trucking is likely the first place we will see it adopted.
A Reduces costs associated with drivers.
A End run around limits on hours of driving.

AWhere does it stand?
A Lots of trials underway.
A TuSimple; actively building dong haulnetwork.
A Waymoc focused more on last mile/local delivery.
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@lmple Current and Future Routes (Level
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the Autonomous Freight Network (AFN)
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//, Gatik ‘ [§ | EDGE CASE

The most rigorous

independent assessment
ever undertaken on an ‘
automated driving system ——

A

J/E VN THE MIDDLE MILE.

700+ safety portfolios. One uncompromising
safety ecosystem. Gatik’s framework redefines
what it means to be safe by design.

ORGANIZATIONAL SAFETY CULTURE

FREIGHT-ONLY READINESS MEASURE (FRM)

ENGINEERING QUALITY

(functional, behavioral and operational safety)

02 03

Autonomy Readiness Platform Readiness Operational Readiness
Measure (ARM) Measure (PRM) Measure (ORM)

VEHICLE SAFETY

CYBER SECURITY

Autonomy software ready and Commercial-ready vehicle Comprehensive operational

validated for the Operational platform including safety & preparedness for

Design Domain. . radunddncissand-hardiveirs “reight-Only deployment.
re icblitv.

SAFETY CASE CONFORMITY TO UL4600
AND OTHER INDUSTRY STANDARDS
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About Qur Customers Safety News Careers Contact us . .
@

®

e Arkansas, US e Ontario, Canada

e Nebraska, US e lowa, US

Ahttps://gatik.ai/about/
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@uvely Pursumg Autonomous Local Dellve?y‘ ":

g

ADominos
AWalmart
AAmazon _
ACVS Pharmacy IV
AStop and Shop
APostmates =88
AKroger
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APrimarily individual private car
ownership

A Much as today.
Alnternal combustion engines

AWhy Hell?

A Dramatically increased VMT and
pollution.

A Potentially increased congestion.
A Parking

m NATIONAL ECONOMIC
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@o Adults and a Child: Morning Miles

‘ Parking ‘

‘ Office 1 ‘

' YR UOKAA A& 2dzad 0KS
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AVehicle ownership will be very
limited
A Private ownership for those with
specialized vehicle needs.

A Flleet ownership will serve everybody
else.

AEngines: electric

Alnsurance: product liability

ANot clear when we will get there,
but this is the likely model.

A 2030 for widespread adoption Iin
many regions.
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Figure 2: Attitudes of working families with children, who are interested in self-driving cars ‘.:.:‘:Q:
® o ©°

e o ¢

Professionals with kids who are ...0
interested in self-driving cars also: ®

Are the first to
try new vehicles
or things related
to vehicles

Have a great deal
of knowledge
and experience
with vehicles

A

Are passionate
about vehicles

D »

Source: Ericsson ConsumerlLab Analytical Platform, 2016
Base: 23.040 smartphone owners who used internet on a smartohone on a monthlv basis. aaed 15-69 across 27 countries
Source: https://www.ericsson.com/en/reports
and-papers/consumerlab/reports/selfdriving-
future#:~:text=Traffic%20has%20a%20high%20
m NATIONAL ECONOMIC impact,all%20cars%20were%20fully%20autono

EDUCATION DELEGATION mous.



@y Isthis Heaven?

ANot only autonomous, but;
A Shared
A Connected
A Green

AFar fewer cars in existence.
A Better resource utilization: steel, rubber, aluminum, and land!

AVMT could go up or down, but more productive than in Hell.

ACongestion effectg unclear, but likely reduced.
A Rightsized vehicles, platooning, sharing, V2V communication

AMinimal (lower) need for parking.
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@nsition

AShort term: Tesla model of highway autonomy
A Level 2, adaptive cruise control

AMedium term:
A short period of personal vehicle ownership with level 3 capabillity

A introduction of independent private fleetsUDber, Lyft, Google&yuTonomy
etc., with level 4/5 capability

ALong term:
A Personal vehicle ownership is largely a thing of the past
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@nomlcs Drives Transition: Private ®

AAdoption dividend for private individuals

A Eliminate car ownership

o Ave annual cost of owning a car: $12,182 (2023)
o Cost per mile will fall: $0.72 to $0.19  Average Ownership Costs Per Mile

A Repurpose your garage wiespervear | 10k | 1k | 20K
o $50,000 from transition to bedroom Average Cost 76¢ 72¢ 70¢

ATime recovery (prepandemic)
A50% of the SF Bay Area workforce has a commud®cess 080 minutes.
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@nomics Drives Transition:

AEconomic and social costs associated
with human drivers are enormous:

A ACCIDENTS:
o Drive 25% of congestion.
o Result in 40,000 deaths.
o And 2 million injuries.
o 90+% caused by human error.

A Increased productivity from not driving.

A Costs of human drivers estimated at up to
$1.3THRIlion each year
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@man driversvs AVs

a2l ey?z
significantly
outperforms
comparable
human
benchmarks over
7+ million miles
of rider-only
RNA QA Y 3E
Source:
mosigniteantyoupertorme.

comparablehumanbenchmarksover-7-
million/
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