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Readings

1. Critical Issues in Transportation for 2024 and Beyond.
Washington, D.C.: National Academies Press, 2024. doi:
10.17226/27432.

2. The Simple Genius of the Interstate Highway System.
Wendover Productions, YouTube, 2021. URL.


https://doi.org/10.17226/27432
https://www.youtube.com/watch?v=SR7BA3xEmDo
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Quick poll

Course/Program
What do you think is the biggest problem or challenge in transportation?

Get to know your fellow classmates:

Join for Office Hours after class (same room as lecture)

If you're looking to find pset partners in the class, or just to meet other folks
interested in transportation.

Regular office hours. Questions about the class, content, etc.
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This is not your typical intro transportation course

Design & analyze
transportation systems
Handle complexity
Transportation

o

Computing

Mathematical
modeling

Foundations Methods

Core systems engineering fundamentals + grounding in transportation Wu
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Your typical intro transportation course

Four-step model for
transportation planning

Pavements

Transportation Roadway safety
Engineering 101

Traffic flow concepts

Intersection design Highway geometry design

i i Vehicle performance & physics
Traffic signal design MUTCD

Freeway level of service Intelligent transportation systems



Critical issues in transportation

Economy
and Global

Competitiveness

Public
Health

Critical Issues in Transportation for 2024 and Beyond. Washington, D.C.: National Academies Press, 2024. doi: 10.17226/27432.


https://doi.org/10.17226/27432

Critical issues in transportation

Executive Summary

A massive shift away from fossil fuels to clean energy has begun that will
require a complete turnover of hundreds of millions of motor vehicles by
2050 to help meet national decarbonization goals. Commuting to work has
changed dramatically because of the COVID-19 pandemic in ways that pose
significant threats to public transportation. Ten thousand more people died
from road crashes in 2022 than 10 years ago. Society at large is grappling
with the nation’s history of racial discrimination and increasing disparities
in wealth and incomes. The dynamic changes being driven by these and
other environmental, public health, and socioeconomic forces require
reassessing the role of transportation in addressing societal challenges

and the research that informs the choices that society will need to make in
2024 and the coming years.

Critical Issues in Transportation for 2024 and Beyond. Washington, D.C.: National Academies Press, 2024. doi: 10.17226/27432. Wu
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Take a dive deep into any of the critical issues

= Dozens of mobility-related courses at MIT: https://www.mmi.mit.edu/courses

DECARBONIZING URBAN TRANSPORTATION POLICY, THE
ENVIRONMENT, AND LIVABLE

11.449 /1 MOEIEITY 1.253 /11 communiTiES

This summer’s extreme weather and the just-released IPCC report have brought renewed attention to the
. Examines the economic and poliical conflict between transportation and the environment. Investigates the
urgent need to drive global carbon dioxide emissions to zero by 2050. Transportation is the single largest o
1 source of those emissions in the United States, and a major source globally. What combination of policy,
L]

ole of govemment regulation, green business and ransporation policy as a faciilaor of economic
development and environmental sustainabilty. Analyzes a varisty of nternational policy problems, including
govemment-business relations, the fole of interest groups, non-governmental organizations, and the public
mobility? A new course from MIT Mobility Initiative and DUSP Prof. Jinhua Zhao and transportation & climate and media in the regulation of the automobile; sustainable development; global we politics of risk and
change professional Andrew Salzberg will grapple with this question, drawing from the latest research and siting of transport faciltes; environmental justce; equit; as well as transportation and public health in the

urban metropolis. Provides students with an opportunity to apply transportation and planning methods to
Eeistjtenes develop policy altemalives in the context of environmental polfics. Students taking graduate version
complete adional assignmens.

technology, behavior change, and investment is best positioned to accelerate the decarbonization of urban Fred Salvucci

Jinhua Zhao, Andrew Salzberg

Sustainability, Decarbonizin
2 Y, 9 Transportation Policy, Environmental Justice, Equity

Climate change Equity, Public Health

ECONOMICS OF ENERGY,
INNOVATION, AND

14.43 /15 sustainaBiLITY

o 2 o Covers energy and environmental market organization and regulation. Explores economic challenges and
. Solutions to transforming energy markets to be more efficent, accessible, affordable, and sustainable. Applies

VISUAL NAVIGATION FOR
AUTONOMOUS VEHICLES

16.485

Luca Carlone

rs the mathematical foundation
ation of au
control, 3D visi

core economic concepts - consumer choice, firm profit maximization, and strategic behavior - to understand

manifolds and knowledge of the fundamentals of 2- d v geometric v o and environmental markets work well and when they fail. They also conduct data-driven

stimation, calibration, k . and mar e economic analysis on the trade-offs of real and proposed policy interventions. Topics include renewable

n lat n st generation sources for electricity, energy access in emerging markets, efficiency programs and fuel efficiency

standards, transitioning transportation to alternative fuels, measuring damages and adaptation to climate
advances in the field and a team project aimed at advancing the state-of-the-art g ransp 9 g P

change, and the effect of energy and environmental policy on innovation.

Simulation Energy and Environment, Altemative Fuels, Policy and Regulation

Economics



https://www.mmi.mit.edu/courses

Course aim: Equip you with foundations &
methods for future transportation systems

Mathematical modeling

» Computing

Understanding the|complex|interactions among the articulated societal
goals, transportation itself, and the foundational factors and policy levers

is essential for transportation to be successful in contributing positively
toward a thriving society. These interactions are discussed in more detail
in the individual sections that follow, each of which corresponds to a

box in Figure 1. Research and development (R&D) that accounts for the
multi-faceted issues and interactions among the foundational factors and
policy drivers, their transportation influences, and the achievement of
societal goals will inform better policy choices to increase transportation’s
contributions to a thriving society.

Critical Issues in Transportation for 2024 and Beyond. Washington, D.C.: National Academies Press, 2024. doi: 10.17226/27432. Wu
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Transportation: Foundations & Methods

Tra nsportation

I\/Iathematlcal
modemputng

Core systems engineering fundamentals + grounding in transportation
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Modeling
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= prog . decision
tool for the right Queueing models @8 1o bjams
prObIem? LAB 1: Build your
Simplex metho g traffic jam
LAB 2: Build i
Instructor: Lear:n SyS.temS model fo:lSea:tcll: :;:fit Markov chains '
Prof. Cathy Wu .fl,?r%ISSﬁrlng Discrete event
transportation & ', '
Q-learning programs
Gain practical skills Pecp learminE g anch-and-bound
with four fun D L Nt
H LAB 3: Build an Al t LAB 4: Solve the t li
computational labs ™3> 2t e sl |
Civil and
Environmental . e |
Engineering Sustainability starts with Course 1

cee.mit.edu



19

Big picture overview of the course

Model transportation systems Optimize transportation systems
A A
( | ( |
Unit 1 Unit 2 Unit 3 Unit 4
\ J \ J \ | J
| | | |
Deterministic Stochastic Multi-stage Single-stage

B mem s 550
pEd
)

-

Wu



Traffic managed poorly

Hours lost per year

29

per driver

1 Boston 164

2 Washington, D.C. 155

3 Chicago 138

4 Seattle 138

5 New York City 133

6 Los Angeles 128
Sources:
Boston.com

Boston Magazine
[February, 2019]

IBOSTON) News v RESTAURANTS ~ WELLNESS v LIFE&STYLE v WEDDINGS ¥ HOME& PROPERTY ¥

Folloid
0000®

NEWS

TRANSPORTATION

Boston Has the Worst Traffic in the
Country

Drivers in Boston are spending more time sitting in their cars than people in
Los Angeles.

by ELLEN GERST . 2/12/2019, 10:06 a.m. @

Get a compelling long read and must-have lifestyle tips in your inbox every Sunday morning —
great with coffee!

o1

THINGSTODO ¥ TRAVEL ~ BEST OF BOST

Subscribe

MAGAZINE « NEWSLETTERS

TRENDING ——

Congrats to 2019 College Parents: Yo
Had One Storrowing

Can Jonathan Kraft Keep the Patriot
Alive?

The Secret Truth About Boston Doct

Harvard Student Customs Agents Ki
Last Month Made It Here

Boston May Not Need to Worry Abou
Tropical Storm Dorian

Two Dozen MBTA Bus Routes Are C!
over Labor Day Weekend

Game of Fear: The Story Behind Gan
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Unit 1: Traffic flow fundamentals

Modeling
mathematical
programs Uncertainty

Sequential
decision
problems

Poisson process

Linear programs

O

Unit 1l

Queueing models

Time-space ol LAB 1: Build your

e . .
Simplex metho diagrams @ diagr own traffic jam
LAB 2: Build a queuing __ : " Vehicle
Facility dynamics¥ @

H model for Seattle transit Markov chains dynamics
Modeling M
Discrete event Markov decisionZ @

. | t processes
simufation  y3jye iteration

Deterministic Q-learning

Deep learning

Traffic flow
theory
integration

programs’
Branch-and-bound
Deep Q Networks

LAB 3: Build an Al agent
to optimize traffic

LAB 4: Solve the traveling
salesman problem



Computational lab #1: Build your own traffic jam

NH EEEE B FH N ]
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Unit 2: Queuing systems

Then Once it gets Closer
and you Read the
Big, Bold, Letters

N FFFFFFF
\ FFFFFF

|
e ey

FFFFFFF

FFFUU

uuuu
uuuu

Uuuu
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Unit 2: Queuing systems

Modeling
mathematical
programs Uncertainty

Sequential
decision
problems

Poisson process

Linear programs

O

Unit 2

Queueing models

Time-space LAB 1: Build your
diagrams () own traffic jam

Simplex metho
LAB 2: Build a queuing i - Vehicle
Facility dynamicsY @

: model for Seattle transit \arkov chains 4 dynamics
Modeling
Discrete event Markov decision2 @ ’

. . processes Traffic flow
simulation /o teration theory
. ) Integer integration
Stochastic Q-learning &

programs’
Deep learning
Branch-and-bound

Deep Q Networks

LAB 3: Build an Al agent
to optimize traffic

LAB 4: Solve the traveling
salesman problem
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CL#2: Build a queuing model for Seattle transit
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Unit 3: Machine learning for traffic control

O

Unit 3

Optimizing

Multi-stage

Modeling
mathematical
programs Uncertainty

Linear programs Poisson process Sequential
. decision
Queueing models
problems

LAB 1: Build your
own traffic jam

Time-space
diagrams

Simplex metho
LAB 2: Build a queuing i :
Facility dynamics¥ @

model for Seattle transit parkov chains "‘
' T Markov decision . @

. | t processes
SIMUIation yalue iteration

dynamics

Traffic flow
theory

integration

Integer

Q-learning ‘
programs

Deep learning

Branch-and-bound

Deep Q Networks

LAB 3: Build an Al agent
to optimize traffic

LAB 4: Solve the traveling
salesman problem

40



Traffic control is still hard

INRIX U.S. Signals Scorecard

2022 Annual Summary

U.S. Signals Scorecard - Full Year 2022 Performance Summary
Based on Data Gathered and Averaged over 4 weeks in March,
June, September, and November 2022

INRIX

@ Maps S pata

BRITISH SASKATCHEWAN "
COLUMBIA SASKATCHEWAN ONTARID Quesec

Gulf of \ Nassau
Mexico E

MEXICO .

Mexico City George Town

Grand Turk

HAIT!

e e o

St-pierre

Map Legend

Control Delay - LOS Values

@ Aci0sec
8>10-20 sec
©>2035 sec
D > 3555 sec

@ E>5580sec

@ F>505ec

Lower Volume (< 100 samples/day)

INRIX U.S. Signals Scorecard: 2022 Annual Summary. INRIX. https://inrix.com/signals-scorecard/.

Inputs

Results

~5 Billion

Total Number of Observed
Crossings Used to Generate
Results

~10 Million

Number of Connected
Vehicles Providing Location
and Movement Data

Nov
1-7
O

l 2022 \ Mar
Quarterly W 21-27

Sep
o) Dat:
19-25 Collection

)
Jun
13-19

242,757

Signalized Intersections
Analyzed

All 50 States

(Plus District of Columbia)

400+ 1,150*

Regions Counties

23,308

Intersection Avg Daily Traffic

18.1

Seconds of Delay Per Vehicle

63.5%

Arrival on Green

1174

Total Hours of Daily Delay

2.53Pas

Days to Generate 1 Metric
Tonne of Carbon Emissions
From Delay

0.97°%

Days to Consume 1 Barrel of
QOil From Delay
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https://inrix.com/signals-scorecard/

CL#3: Build an Al agent to optimize traffic

1|F

Savers (&) @Crwm Public Library
Savers () em Public )
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Unit 4: Optimizing transportation resources

O

Unit 4

Optimizing

Single-stage

Modeling
mathematical
programs Uncertainty

Sequential
decision
problems

Poisson process

Linear programs
Queueing models

LAB 1: Build your
own traffic jam

Time-space

Simplex metho diagrams V€
LAB 2: Build a queuing o ,
Facility dynamics¥ @ ()

model for Seattle transit parkov chains "'
Discrete event Markov decision2 @

. | t processes
simufation  y3jye iteration

Vehicle
dynamics

Traffic flow
theory

_ Integer integration
Q-learning & ‘
programs

Deep learning
Branch-and-bound

Deep Q Networks

LAB 3: Build an Al agent
to optimize traffic

LAB 4: Solve the traveling
salesman problem
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CL#4: Solve the traveling salesman problem

Customer C Customer B
@) @)
7
2
3
& /- 5
Under construction: o
We might change things up
i |
this year! < . > *

Warehouse Customer A

Wu



Course objectives

Introduction to techniques to design, analyze, evaluate and control
the level of service of various transportation systems.

Introduction to powerful modeling foundations: queueing theory,
reinforcement learning, mathematical programming

Special emphasis on computational methods and their application
to transportation. Hands-on computational assignments. Requires
proficiency in Python.



Discussion time

What is something that has nothing to do with transportation?

50



Transportation spans a lot of fields

* Transportation studies is intertwined with just about every
department at MIT

NATURAL SCIENCES Environmental  Natural Resource

studies  resources  planning " -ANNING
\ N 10\ A Transport geography
\ / \,\ / / . . .
Cartography. Field Transport  Population  Regidnal N\ f,':,',i‘;‘,g:ttg::&?pﬂfy
methods  demland  geography  planning |
L LR / \ / \ /. Fields related to
, \ \ '\ transport geography
/ o K \
£ Spatial : R -
AT, 2 Information _gtatigficsTHaN IR POTt__Rehjénal __Regjonal
SCIENCE Sy$ e,\r_?s modeling ne/ L ode geography ecop%ncs
/ : \.\. \ / \.\ / \ /

\\ \\ / / \
\ / \ ¢ ./ ECONOMICS
Operations Spatial Economic Political Historical World

Passengers

research  optimization geography "Ge’ogk?hy geography  geography

/' POLITICAL  HISTORY
\ / \ /  SCIENCE
- Irh= N\af: Information
ECONOMICS, Land Urban Location ECONOMICS

SOCIOLOGY use geography  theory

Jean-Paul Rodrigue, The Geography of Transport Systems (2020) — Chapter 1 Wu
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Ask questions

Make the class your own by asking questions
In class, on Piazza, office hours, email us, etc.

Transportation touches all of our lives, most parts of human
endeavors, many many technical tools.



Outline

1. About the course

a. Course overview
b. Administrivia

2. A nontechnical introduction to transportation

3. Why I study transportation
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Team
Prof. Cathy Wu <cathywu at mit dot edu>
Office hours: WF4-4:30 (3-333)

TAs:
Samuel Chin <jkschin at mit dot edu>

Staff email: 1-041-staff@mit.edu or 1-200-staff@mit.edu

You can reach the staff generally via office hours or via email.
Include “[1.041]” or “[1.200]” in your subject line.




Administrivia
Lectures: WF 2:30 - 4:00 pm (3-333)
Recitations: TBD (see Piazza for poll)

Check website & Piazza for the most up-to-date information.

Course webpage: For class materials & info
https://web.mit.edu/1.041/www/

Piazza: For class announcements, assessments, solutions
The Piazza is also a resource for you to collaborate with one another.
For obvious reasons, don't post answers in Piazza.
We (the staff) can’t answer each question on Piazza, so do come to office hours.

Gradescope: For HW/quiz submissions

Canvas: Code/project submissions, Zoom (in case of going remote)


https://web.mit.edu/1.041/www/

56

Textbooks

Unit 1: Daganzo, Carlos. Fundamentals of transportation and traffic operations.
Emerald Group Publishing (2008).

Available online: http://ndl.ethernet.edu.et/bitstream/123456789/75532/1/66.pdf

Unit 2: Larson, Richard C. and Amedeo R. Odoni. Urban Operations Research.
Prentice-Hall (1981).

Available online: https://web.mit.edu/urban or book/www/book/

Unit 3: Morales, Miguel. Grokking deep reinforcement learning. Manning
Publications (2020).

Available online: https://www.manning.com/books/grokking-deep-reinforcement-learning

Unit 4: Bradley, Stephen P., Arnoldo C. Hax, and Thomas L. Magnanti. Applied
mathematical programming. Addison-Wesley (1977).

Available online: https://web.mit.edu/15.053/www/AppliedMathematicalProgramming.pdf

Additional handouts will be distributed as needed.
Lecture slides will be posted.



http://ndl.ethernet.edu.et/bitstream/123456789/75532/1/66.pdf
https://web.mit.edu/urban_or_book/www/book/
https://www.manning.com/books/grokking-deep-reinforcement-learning
https://web.mit.edu/15.053/www/AppliedMathematicalProgramming.pdf

Evaluation

Undergraduate students:
Four In-class micro-quizzes (20%)
Four computational labs (20%)
Completion grade for four problem sets (20%)
(Optional) Submit a video on any class topic for +5% extra credit

Graduate students:
Four In-class micro-quizzes (15%)
Three computational labs (choose any of four) (15%)
Completion grade for four problem sets (15%)
Class project (15%, with +5% extra credit for video submissions)

Two in-class quizzes (40%)

Late policy (for PSets):

3 late days, no questions asked. After that, late homework will be penalized 10% every 24
hours. Those submitting late must abide by honor code.

PSet partners:
Check out https://psetpartners.mit.edu to find pset partners.
Sign up early; matching will be done at the end of the first week of classes.



https://psetpartners.mit.edu/

Assignments

Assignments Covers
Problem Set 1 Unit 1
Problem Set 2
Computational problem 1
Problem Set 3 Unit 2
Computational problem 2
Problem Set 4 Unit 3
Computational problem 3
Problem Set 5 Unit 4
Computational problem 4
Project presentation + report Any unit

(Optional) Video




Class project (grad students only)

Deliverables: 1) Project proposal, 2) Written report, 3) In-class
presentation

Option 1: Research project of your choice, which seeks to establish new
knowledge in transportation research fields.

Option 2: Reproduce a transportation research paper. Background: Learn
more about the reproducibility crisis in transportation research here.
There are a few different options: a) Pick any paper of your choice,
reproduce it to the best of your ability, and report on the difficulties
and/or findings; b) Experiment with using Large Language Models for
reproducing a set of papers of your choice; c) Identify a benchmark that is
missing from the field and contribute towards it by reproducing a
combination of methods, datasets, and metrics.

(Optional) Students may opt to do a video presentation

Groups of 1-2 are permitted.


https://arxiv.org/abs/2601.14429

Academic integrity & collaboration

Bottom line:
Use whatever sources you need to support your learning.
Cite your sources.
No copying. You must write up your own solutions.
Don’t allow others to copy your work.

This applies to collaborators, a “friendly expert,” another text, website, or a
"bible.”

Also applies for use of Generative Al (GenAl) tools
Help with writing is fine, encouraged, and does not need to be cited.

In general, use basic, common sense concepts of academic honesty.
See the full academic integrity policy on course website.

http://web.mit.edu/academicintegrity/handbook/handbook.pdf Wu



http://web.mit.edu/academicintegrity/handbook/handbook.pdf

Break

If you have questions about registration, now is a good time.
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Automobility is a relatively recent phenomenon
= We have had asphalt roads for 4000+ years.

= We have had cars for 100 years.

1795, First Toll Road,
) Lancaster, PA

lis

1815, MacAdam

4 Autos in 1895

1869, Transcontinental

“macadam” road Railroad
building
l 1900
A 4
v I’

L x
1820’s, Erie Canal

2000 BC, Persians,
Romans use
asphalt in road
construction

|

1886, Benz granted
patent for his first car

68



Today

Claes Tingvall (2014)
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Timeline (1900—2000)

8000 Autos in 1901 128M Autos in 1995 1.4B Autos in 2018

450,000 Autos in 1910

1969, Man

15M Autos in 1923
landed on moon

1960, Apollo
program 2000
19|O conceived 1 I

$ |

1956, Interstate System Authorized

1992, Interstate

1930, Transcontinental Passenger Air highway system

1903, Wright Bros. Service completed

1995, 2.4 million paved miles
1912, US 30 in US
Construction
(Transcontinental Hwy)

71



The Interstate Highway System

Largest public works project in American history.

Considered the greatest investment ever by the US.
estimated at at least 6x.

Cross country road trip: 62 days = 42 hours &
Why such a big deal? Because the US is huge.

is power.
Impact: The Interstate Highway System the vast spread of
population centers of the US.



The US’
Greatest Ever
Investment
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|
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Landing a man on the moon
Building the Interstate Highway System

What’s harder? Why?

Wu



Erie canal (1825) et o Bomes S—

WORLD  U.S. N.Y./REGION BUSINESS TECHNOLOGY SCIENCE HEALTH SPORTS OPINION

= Not just about roads.

THECMY CONNECTICUT LONGISLAND NEW JERSEY WESTCHESTER

= Planes, trains, ships, drones,
bicycles, people, goods,
bison. Anything that moves
through shared spaces

Hints of Comeback for Nation’s First Superhighway

TWITTER

E FALLS, N.Y. — Most people do not believe that Tim Dufel = siGNINTO

E-MAIL OR SAVE
1ich 2 nnn tonc of ctaal all tha wayr asrace Naur Varl Stata Tent THIS

Wu

(Wyorm,ng«, 2019)

Credit: fapo‘ow Frank, Natwnaﬂ’a[k Service
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Vehicular CPS “revolutions” are currently underway

= “The auto industry will change more in
the next 5-10 years than it has in the last 50”
- M. Berra (GM), 2016

= Daniel Sperling (UC Davis): “Three revolutions”
* electrification
* automation (& connectivity)
* sharing

= Shared = Uber, Lyft, Blue Bikes

= Shared + electric = Bird, Lime

= Electric + automated = Tesla

= Electric + automated + shared = Waymo, GM Cruise




Timeline (2000—Present & Future)

Physical infrastructure = Digital infrastructure

Some key events:
2000: Zipcar pioneers sharing of a vehicle.

2004/2007: DARPA grand challenges launch autonomous vehicle
industry

2007: iPhone 1 unveiled = Smartphone adoption reaches 73% (2021)
2010: Google autonomous street view

Bonus event:

2010: SpaceX became the first privately funded company to
successfully launch, orbit and recover a spacecraft



Emerging transportation systems

-—

Dynamic lane indicators

6. Energy-Linked 9, 1.Digital & Conceptual
Transportation =5 Shifts (Often
3°  Overlooked)

L& 1.Ground-Based Systems 1 2.Urban & Regional =% 3.Air & Near-Space
Qi \ (Beyond Conventional AVs) dil=} Mobility Systems Systems (Beyond eVTOLs)

86

4. Maritime &
Subsurface Transport

High-Level Taxonomy (Summary)
“oman | EmergngSysten |

Ground

Urban

Air

Maritime
Infrastructure
Energy
Digital

Autonomous freight corridors, robotic
delivery

MaaS, dynamic streets, micromobility
Cargo drones, HAPS, STM
Autonomous ships, smart ports
Hyperloop, smart roads

V2G, hydrogen logistics

Digital twins, swarm control

vvu
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b. Present: Three revolutions
c. Future: Mega trends

3. Why I study transportation
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Transportation demands

World population

98

* Growth of population
* US: 300 million in 2006, 420 12
million in 2050
* Larger growth in China and 10
India c
= 8
S
4
2

Fractiles

0.975

0.9

Year

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Rodney Brooks. Megatrend: The Demographic Inversion (2017)
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Transportation demands

* Population inversion:

* “Senior tsunami” from
baby boomers

* Decline in birth rate

Japanese age groups
1950 2005"

90 years and over M1
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2050 (Projection)

[T 1 90

5 -

CT—1 %

0 49% Males —— 21 0% —Females

;%5';7*34.*,J 2

60 65 and over

50
40
30
20

10 |
| 1 _0-14
0 | 354 |

60
50
53.6 40
30
20
10

10.8

rrcrrrrtrrrrrr
6 4 2 0 2 4 6
Millions

Rodney Brooks. Megatrend: The Demographic Inversion (2017)

| I B A | T I T | AL B B |

6 4

z 0 2::4 O
Millions

Wu



100

Urbanization
* Since 2006 more than half the world population lives in urban areas
* By 2050, expected to grow to 80%

* Top 100 US metropolitan areas
* Only 12% of the landmass, but

65% of the population

74% of the most educated citizens

77% of knowledge economy jobs

74% of GDP




Increasing criticality of key ports and corrldors

Growth of mega regions
Northeast, Northern California, etc.

1.9 million tractor-trailer trucks in 2005,
up 13% since 2001

Highway vehicle miles traveled (VMT) are
projected to grow 60%

Container ships volume expected to
increase 186% in 20 years

Doubling of freight traffic by train

| BOSTON
NEW YORK

. PHILADELPHIA
" WASHINGTON

Northeast
megalopolis

;;,/;O
O ) ,4(%3 kL)

Piedmont . :
Atlantic



Growing complexity of urban landscape

* More than half the jobs are more than 10 miles outside of
downtown

e Growth of the “exit ramp economy” — low density developments
along suburban freeways

* In 2005, more of America’s poor live in metro suburbs than in the
city core
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Outline

1. About the course
2. A nontechnical introduction to transportation

3. Why I study transportation
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The gap between technology and societal impact

42,915 fatalities occurred
on US roadways in 2021.
Human error is involved in

2 94%

fivitifet

43K annual US fatalities, among leading
causes of death of young people

GLOSA Demo app [1]

Connected and automated vehicle
(CAV) technologies

Road safety
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The gap between technology and societal impact

25 Hours

60 More Minutes
3600 More Seconds
.
MO

1 hour each day / American driver

GLOSA Demo app [1]

Connected and automated vehicle Congestion
(CAV) technologies
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The gap between technology and societal impact

Transportation
29%

Transportation is the largest
contributing sector of greenhouse
gas emissions in the US at 29%,
mostly on roadways

GLOSA Demo app [1]

Connected and automated vehicle Environmental impact
(CAV) technologies
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The gap between technology and societal impact

Equity

Access
E?

Public health

GLOSA Demo app [1]

Connected and automated vehicle
(CAV) technologies



Research flow diagram

[ Design problem for future transportation system }

Emerging tech Transportation system
assumptions assumptions

|

Model of future
transportation system

Optimize
performance measure




Research flow diagram

[ Design problem for future transportation system }

Emerging tech Transportation system
assumptions assumptions

Evidence-based
decision-making [

/ Research & \

Model of future }
development (R&D)

transportation system

Business decisions
performance measure

Implementation [

Optimize }

KOperations Policy J
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Ex: Reducing the carbon intensity of urban driving

Would eco-driving move
the needle on climate
change mitigation?

y

Design problem for future transportation system }
|

Signalized
Emerging tech Transportation system intersections with
assumptions assumptions gptimal fixed timing,
no jaywalking, etc.
Semi-autonomous vehicles, T

10-100%|adoption

Model of future 16,000 signalized intersections across
transportation system 10 major Metropolitan areas in the US
11-22% reduction in !
intersection co, Optimize w
emissions performance measure J Carbon emissions

Jayawardana, et al. “Mitigating Metropolitan Carbon Emissions with Semi-autonomous Vehicles using Deep Reinforcement Learning,” TR Part C, 2025.



Evidence-based decision-making at large

[ Counterfactual question for transportation system }

Counterfactual Transportation system
assumptions assumptions

Evidence-based
decision-making [

/ Research & \

Counterfactual model of }
development (R&D)

transportation system

Business decisions
performance measure

Implementation [

Optimize }

KOperations Policy j




Evidence-based decision-making at large

[ Counterfactual question for complex system }

Counterfactual Complex system
assumptions assumptions
Evidence-based
decision-makin
5 Counterfactual model of
/ Research & \ complex system
development (R&D)

Business decisions

Implementation
[ performance measure

Optimize }

KOperations Policy j




Evidence-based decision-making at large

[ Counterfactual question for transportation systemj

Counterfactual W Transportation system
assumptions assumptions

Evidence-based
decision-making

-

Implementation

KOperations Policy j

r Counterfactual model of }

Research & \ L transportation system
development (R&D)

Optimize
performance measure ’

Business decisions [




MIT Mobility Initiative

= Weekly virtual seminar

= Register to attend:
* https://www.mmi.mit.edu/

= Excellent back catalog of
talks since 2020

= Diverse topics spanning
mobility, broadly defined

= Great complement to this
course

MOBILITY
FORUM

A weekly seminar series, the MIT Mobility
Forum offers an opportunity to showcase the
groundbreaking transportation research
occurring across the Institute. Faculty members
and researchers present their latest findings,
ideas, and innovations, followed by a lively
discussion. More details can be found at

www.mobilityinitiative.mit.edu/mobilityforum.



https://www.mmi.mit.edu/
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