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Why do we care about congestion?

•Time (travel time, predictability)
•Greenhouse Gas Emissions (CO, CO2, NOx)
•Health (stress, exposure to PM)
•Vehicle costs



Boston Globe
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How might we access more roadway?

•Build more roads
•Repurpose greenspace, bikelanes, and sidewalks



“If you build it, they will come” induced demand on Boston Artery



How might we access more roadway?

•Build more roads
•Repurpose greenspace, bikelanes, and sidewalks

What’s the right mix of green lanes, roads, sidewalks, 
parking, and dedicated bus lanes to optimize throughput?
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How might we reduce the number of vehicles 
on the road?

• Shift commuters from 
private vehicles to more 
efficient modes

NACTO, Designing to Move People Guide
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•Don’t drive in the first place
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Spread demand over time?

•Workplace policies (staggered arrival times)
• Off hour goods delivery
• Technology-enabled routing across time
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How might we improve the overall efficiency 
of the system?
•Avoid unnecessary stopping (e.g. tolls, parking)
•Optimize speed to maintain throughput
•Dynamically reroute based on traffic conditions



Summary

•Behavior change away from single occupancy vehicles

• Technology can potentially enable behavior change… 
but policy, regulation, and pricing play a key role

• Technology can improve overall efficiency of system 
on the margins, but it is not a silver bullet



From Data to Models and Proposed Solutions

Yannis Paschalidis
yannisp@bu.edu, http://sites.bu.edu/paschalidis/

Department of Electrical and Computer Engineering,
Division of Systems Engineering,

Department of Biomedical Engineering,
and Center for Information and Systems Engineering

Boston University

March 26, 2019
Forum at IOC



Intro Maps Models Control End Motivation

The problem

Traffic congestion responsible for 20% of fuel
consumption and 90% of CO in large urban
areas.

Cost of traffic congestion will reach $2.8T in
the US by 2030 (≈ annual tax revenue).

On a per-driver basis, cost of traffic congestion
is $1740 annually in US/Europe.

Boston recently made news being declared #1
in hours lost in rush-hour traffic per driver in
2018.
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Intro Maps Models Control End

Congestion Maps for the Boston Area: 2012→2015

https://salomonw.github.io/congestionmaps/DynamicPage/PM/index.html

(Salo Wollenstein)
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Intro Maps Models Control End PoA Boston Data

Transportation Network Models

Transportation network modeled as a graph.

Dynamics: Drivers have a congestion function function of flow
for each arc and pick the cheapest arcs to traverse. Collective
decisions lead to a Nash (Wardrop) equilibrium.

To control/design we need to build accurate predictive models.

Data: Traffic flows.

Can we learn (the congestion function) from data?
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Intro Maps Models Control End PoA Boston Data

Price of Anarchy1

Having the congestion function allows us to
answer many “what-if-questions”.

We can also formulate a problem to obtain a
socially optimal equilibrium.

Price-of-Anarchy:

PoA =
Congestion under Selfish Behavior

Congestion under Socially Optimal Behavior

Useful to assess how good/bad things are, but
also to design interventions.

1
Zhang, Pourazarm, Cassandras, Paschalidis, CDC 2016, IFAC 2017,

Proceedings IEEE 2018.
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Intro Maps Models Control End PoA Boston Data

Boston Area Data2

Eastern Massachusetts
(EMA) Network

Spatial average speeds for
13,000 road segments for each
minute of 2012 (50 GB) and
2015 (130 GB).

Capacity data in different
times-of-day: lanes, peak
vehicles counts, etc.

2
https://github.com/jingzbu/InverseVIsTraffic,

https://www.kaggle.com/jingzbu/ematransportation
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Intro Maps Models Control End PoA Boston Data

Price-of-Anarchy (2012)
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Intro Maps Models Control End PoA Boston Data

Road Congestion: Socially Optimal vs. User Optimal

“Spreading the traffic” results in:
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Intro Maps Models Control End

Control and Interventions

1 Sensitivities: Where to intervene?
2 Socially optimal route recommendations: Can be shown

that we can achieve the Socially Optimal solution
through User Optimal actions if users use a properly
modified congestion function!

Easier to incorporate in apps, even enforce with
autonomous vehicles.
Take the driver “out of the picture.”

3 Change demand! Congestion pricing and incentives!
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Intro Maps Models Control End

Final remarks

We have developed a new general framework for modeling
driver behavior using data.

Policy space: How to address traffic allocation issues and
prevent NIMBY reactions?
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New Skills for 

New Mobility

Boston University Initiative on Cities
March 2019
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What’s new?



New mobility is digital



New mobility is market driven.



New mobility is dynamic.



New mobility is dynamic.



New skill: Real-time data for planning



New skill: 

Data sharing 

with private 

sector



New skill: 

Data sharing 

with private 

sector



New skill: Adaptive regulations



New skill: Dynamic pricing



New skill: Incentives for outcomes



New skill: Consumer protection



The future of the DOT is 
roads...and code.
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