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The study of the efficient operation on transportation 
networks dates to ancient Rome with a classical 
example being the publicly provided Roman road 
network and the time of day chariot policy, whereby 
chariots were banned from the ancient city of Rome 
at particular times of day.



  

Traffic Congestion



  

Traffic Behavior on Congested Networks

Individuals select their cost-minimizing routes of travel.

         User-Optimized 
Decentralized  Selfish     U - O

vs. vs.   vs.

  Centralized Unselfish    S – O
          System-Optimized

Traffic is routed so as to minimize the total cost to society.



  

Capturing Link Congestion



  



  

Braess Paradox
Adding a Link Increases Travel Cost for All!

U-O path travel costs:
Cp1 = Cp2  = 83
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The total cost to society from the 3 path Braess 
Network is 11% greater under selfish behavior 
than under unselfish behavior!



  

The 1968 Braess article in German was translated into 
English in 2005.

On a Paradox of Traffic Planning, Braess, Nagurney, 
Wakolbinger, Transportation Science 39 (2005), 446-450



  

What Happens if the Demand Changes

Demand

E
qu

ili
br

iu
m

 P
at

h 
Fl

ow IIIIII

Region I   Demand 0 to 3.64
Region II  Demand 3.64 to 8.89 
Region III Demand >8.89
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After the demand reaches 8.89 the new path is never used under U-O behavior.



  

Braess Paradox Behavior Around the World

1969 - Stuggart, Germany - Traffic 
worsened until a newly built road 
was closed.

1990 - Earth Day - New York City - 
42nd Street was closed and traffic 
flow improved. 

2002 - Seoul, Korea - A 6 lane road 
built over the Cheonggyecheon 
River that carried 160,000 cars per 
day and was perpetually jammed 
was torn down to improve traffic 
flow.
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Other Networks that behave like Traffic Networks
The Internet

Supply Chain Networks

Electric Power Generation/Distribution   
Networks

 Financial Networks



  

The Equivalence of Supply Chains 
and Transportation Networks

Nagurney, Transportation Research E 42 (2006), 293-316.



  

In 1952, Copeland wondered whether 
money flows like water or electricity.



  

The Transportation Network  
Reformulation of the Financial Network 
Equilibrium Model with Intermediation

Liu and Nagurney,  Computational Management Science 4 (2007), 243-281.



  

We are now using the connections 
between traffic networks and electric 

power supply chains for energy studies.



  

The New England Electric Power Supply 
Chain Network with Fuel Suppliers

New England has 10 regions, 82 power generators who 
own and operate 573 power plants using 5 types of fuel. 



  

Predicted Prices vs. Actual Prices ($/Mwh)

Liu and Nagurney, Naval Research Logistics, in press, 2009



  http://supernet.som.umass.edu
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