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Abstract

1.

7/26/2025

According to Braess' Paradox, a new road could produce an
overall slowing of all traffic within the transportation network.

. The meaning of the Paradox has been distorted to imply that

any increase of capacity is guaranteed to be counter-productive.

. Worse, the Paradox has been used to portray transportation

professionals as fools who fail to acknowledge a simple
mathematical model.

Even worse . . . Braess’ mathematical model is wrong, Wrong!
WRONG!!!
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Braess’ Paradox History
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By Dietrich Braess, a
mathematician at Ruhr

University, Germany,
March 1968

Uber ein Paradoxon aus der Verkehrsplanung
Von D. BraEss. Miinster !)

Emgegangen am 28. Mirz 1968

Zusarmmenfassung: Fir die Strafenverkehrsplanung mdchte man den Verkehrsfluf auf den
emeElnen Sitaflen des Nefmes dbschiiteen wemn die Zshl der Fabwenge bedlonnt st de zoaschen
mmnm&&mmwmu@mgtmmmmgn
nicht nur von der Beschaffenheit der Strale ab, sondern auch von der Verkehrsdichte. Fs ergeben
ach mcht mmer optmule Falweefen wemn jeder Falwer mr fir sch den gimstiosten Weg herms-

sucht. In einigen Fillen kann sich durch Erweiterung des Netzes der Verkehrsflulb sogar so um-

lagern daB griBere Fahrzeiten erforderlich werden

Summary: For each point of a road network let be given the nmumber of cars starting from it, and

the destination of the cars. Under these conditions one wishes to estimate the distribution of the
traffic flow. Whether a sireet i1s preferable to another one depends not only upon the quality of

the road but also upon the densitv of the flow. If every driver takes that path which looks most
favorable to lum. the resultant running fimes need not be minimal. Furthermore it 15 indicated
by an example that an extension of the road network may cause a redistribution of the fraffic

which results in longer individual munming times.

1. Einleitung

Fir die Vedehmplmme wnd Vedkehussteuenme mieressiert wie sch der Fabr-
zeugstrom auf die einzelnen StraBen des Verkehrsnetzes verteilt. Bekannt se1 dabet
die Anzahl der Fahrzeuge fiir alle Ausgangs- und Zielpunkte. Bei der Berechnung
wird davon ausgegangen, daB von den méglichen Wegen jeweils der giinstigste
gewihlt wird. Wie giinstig ein Weg 1st, richtet sich nach dem Aufwand, der zum
Durchfahren nétig 1st. Die Grundlage fiir die Bewertung des Aufwandes bildet die
Fahrzeit.

J> Lochner .



Braess’ Paradox History o e, e
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Sei nun U, ein Pfad, fiir den @ # 0 ist. Dann ist fiir hinreichend groBes »
auch @ + 0, und fiir die Extremalfolge gilt

lim Ty (%) < lim | T (™) =inf {| T (0)]: [#] =7} . (3.5)

Ll Wk

Wegen (3.4) und (3.5) ist @* eine optimale Stromverteilung.
Es wird nun ein Modellbeispiel mit vier Knoten diskutiert.
< Der Einfachheit halber sind die Zeiten f, () als lineare Funk-

4 , tionen angesetzt. { Aulerdem enthiilt der Graph keine Zyklen).
® ¢ t(9) =t (@)=10
’ 2 t2 (@) =1ts(@)=50+0¢ (3.6)
a Abh. 3. ts(g) =104

a) Wenn von a nach z der Strom |@| = 2 geleitet werden soll, dann lautet die
Ladsung

e =2 b, =b,.=0, |T(H)=52.

b) Wenn von a nach z der Strom |®| = 6 geleitet werden soll, dann lautet die
Lisung

{Pﬂhﬂ =ﬂ! ‘f]ahz = lﬁurz =3, | T(‘ﬁ)l =83.

¢} Wenn von a nach z der Strom |#| = 20 geleitet werden soll, dann lautet die
Ldsung

ﬁ.nbﬂ =[i, ﬁub: = ﬁu:.a = ID, iT(!ﬁ}l = lﬂ] .

7/26/2025 d‘l LOChner c
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An English
translation appeared
November 2005 in
the journal,
Transportation
Science

TRANSPORTATION SCIENCE
Vol. 39, No. 4, November N5, pp. 446450
1558 04 1-1655 | E15sm 1526-5447 | 05 ] 3904 | 0444

Llorms}
oo 10,1287/ trsc. 1050.0127
L2005 INFORMS

On a Paradox of Traffic Planning

Dietrich Braess
Faculty of Mathematics, Rubhr-University Bochum, 44780 Bochum, Germany, dietrich brasss@rub de

Anna Nagurney, Tina Wakolbinger

Department of Finance and (‘:ﬁ@'atlcm Management, Isenberg School of Management, Undversity of Massachusatts,
ITE

Amberst, Massa

etts 01003 [nagurmeay@pbiin umass.edu, wakolbinger@som umass.adul

Fur each point of a road network, let there be given the number of cars starting from it, and the destination
of the cars. Under these conditions one wishes to estimate the distribution of traffic flow. Whether one street
is preferable to another depends not only on the quality of the road, but also on the density of the flow. If
every driver takes the path that looks most favorable to him, the resultant running times need not be minimal.
Furthermore, it is indicated by an example that an extension of the road network may cause a redistribution of

the traffic that results in longer individual running times.

Key words: traffic network planning; paradox; equilibrium; critical flows; optimal flows; existence theorem
Histery: Received: April 2005; revision received: June 2005; accepted: July 2005.

Translated from the original German: Braess, Dietrich. 1968, Uber ein Paradoxon aus der Verkehrsplanung,

Untermehmensforschung 12 258-268.

1. Introduction
The distribution of traffic flow on the roads of a wraf-
fic network is of interest to traffic planners and traffic
controllers. We assume that the number of vehicles
per unit ime is known for all origin-destination pairs.
The expected distribution of vehicles is based on the
assumpton that the most favorable routes are cho-
sen among all possible ones. How favorable a route is
depends on its travel cost. The basis for the evaluation
of cost is travel Hme.

The road network is modeled by a directed graph

J> Lochner

that is achieved if each user attempts to optimize his
own route.

Referring to a simple model network with only four
nodes, we will discuss typical features that contra-
dict facts that seem to be plausible. Central control
of traffic can be advantageous even for those drivers
who think that they will discover more profitable
routes for themselves. Moreover, there exists the pos-
sibility of the paradox that an extension of the road
network by an additional road can cause a redistribu-
tHon of the flow in such a way that increased travel



Braess’ Paradox History

The paradox is stated as follows:

"For each point of a road network, let there be given the number of cars starting
from it and the destination of the cars.

... If every driver takes the path that looks most favorable to them, the
resultant running times need not be minimal.

Furthermore, it is indicated by an example that an extension of the road

network may cause a redistribution of the traffic that results in longer individual
running times."

7/26/2025 d')— LOChner .



Spread the word!!!!

1. Braess’ Paradox has nothing to do with induced demand.

1. Braess’ Paradox does NOT state that increasing
transportation capacity will increase travel time, but
adding a road might do so.

1. However, the example given is so contrived, it gives
the impression of a paradox being revealed.

2. Worsening congestion by adding a road would be so
obvious, it wouldn’t be a paradox.

J> Lochner
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When Can We Observe Braess’ Paradox?

MULTIPLE CHOICE. SELECT ONLY ONE ANSWER:
If a road is added, with traffic demand remaining unchanged, we can
witness Braess’ Paradox . ..

0 1. Most of the time
0 2. Some of the time
0 3. Only in rare instances

0 4. Only in imaginary scenarios that no transportation professional would
seriously consider implementing

7/26/2025 d')— LOChner 9



Braess’ Model

Includes diagrams like
this:

7/26/2025
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Braess’ model has “issues”

Its travel time formulas defy logic.

The transportation network represented in the Euler-like
diagram would appear ridiculous in the real world.

7/26/2025 d')— LOChner 1



Braess’ travel time formulas: ... Okay . ..

T L\=50+\, A

Travel Time

Volume

Travel Time

Volume
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Braess’ travel time formulas: ... What?!?!
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Braess’ travel time formulas: . .. Should be

T =T, +a(V/C)
T4=50+\,A

Travel Time
N
Travel Time

‘(‘;' Volume

Volume 3
ﬁ -
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W It h O ut I_I n k 5 If demand from a to z is 6, volumes will

distribute themselves such that travel
time will be 83 minutes whether traveling

\ N>
o T4=50+ 4 through node b or c. A ,}9
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Q =
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W lt h I_I n k 5 If demand from a to z is 6, all motorists

will use Link 5, and none will use Links 2

RN or 4. Travel time for all motorists will be Ky
v T,=50%"e 92 minutes. N
S o A%
= £
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Pa 'd d OX I l Adding Link 5 increased travel time for all

users from 83 minutes to 92 minutes.

K
) T4=50+\,A ,/'\9
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W |t h Ll n k 5 ODDLY, if demand from a to z is lower or

higher than 6, no motorists will use Link 5, so

adding Link 5 would have no effect at all!
=50+\’A g 0*%
o Ta S
= A%
= )
- €
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Braess’ faulty model, illustrated

Travel time formulas are from the example
shown in Wikipedia.

T,=V,/100 T,=45 minutes

T,=45 minutes T,;=V,/100

7/26/2025 d')— LOChner
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Braess’ faulty model, illustrated

Travel time formulas are from the example
shown in Wikipedia.

7/26/2025

This could be a
wide, slow
unpaved road

T,=V,/100 T,=45 minutes

T,=45 minutes T,;=V,/100

J> Lochner

But what could

this be
(???!1)
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Braess’ faulty model, illustrated

-nnmf

a’ l,z
e " ¥

J .iim‘mq - !"lll F‘ﬁ

Travel Time

Volume

T;=V,/100 <« A gated plaza with infinite
capacity, but perversely controlled
to ensure more delay based on
demand?
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Braess’ faulty model, illustrated

If 4,000 vehicles wish to travel from A to Z, the travel
time for each vehicle would be 65 minutes.

T,=V,/100 T,=45 minutes

T,=45 minutes T,;=V,/100

7/26/2025 d')— LOChner
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Braess’ faulty model, illustrated

Now, add a new Link 5 that is very short, very wide, and very fast:
Zero minutes travel time!

T,=V,/100 T,=45 minutes

T,=45 minutes T,=V,/100

7/26/2025 d')— LOChner
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Braess’ faulty model, illustrated

Now, add a new Link 5 that is very short, very wide, and very fast:
Zero minutes travel time!

T,=V,/100 T,=45 minutes

T,=45 minutes T,=V,/100

7/26/2025 d')— LOChner
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Paradox!!

7/26/2025

Adding Link 5 increased travel time for all
users from 65 minutes to 80 minutes.

T,=V,/100 T,=45 minutes

T,=45 minutes T,;=V,/100

J> Lochner
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Paradox!!?

7/26/2025

Not really. For lower volumes, all motorists would benefit
from the new link. So Wikipedia’s example is poor.

T,=V,/100 T,=45 minutes

T,=45 minutes T,;=V,/100

J> Lochner
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Contrived examples that use:

* Obviously flawed road links being inserted into the
transportation network.

 Absurd travel time formulas.

7/26/2025 d')— LOChner
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What about induced demand?

Braess assumed a fixed demand between points A and Z.

“Real world examples” often cited as proof of the Paradox
are actually examples of induced travel demand, a subject
not addressed by the Paradox.

7/26/2025 ({)— LOChner -8



Not really “real world examples” in Wikipedia

7/26/2025

In Seoul, South Korea, traffic around the city sped up when the Cheonggye Expressway was removed as
part of the Cheonggyecheon restoration project.

In Stuttgart, Germany, after investments into the road network in 1969, the traffic situation did not
improve until a section of newly built road was closed for traffic again.

In 1990 the temporary closing of 42nd Street in Manhattan, New York City, for Earth Day reduced the
amount of congestion in the area.

In 2009, New York experimented with closures of Broadway at Times Square and Herald Square, which
resulted in improved traffic flow and permanent pedestrian plazas.

In 2012, Paul Lecroart, of the institute of planning and development of the Tle-de-France, Paris, wrote
that "Despite initial fears, the removal of main roads does not cause deterioration of traffic conditions
beyond the starting adjustments.” He also notes that some private vehicle trips (and related economic
activity) are not transferred to public transport and simply disappear ("evaporate").

In 2012 in Rouen, France, a bridge was destroyed by fire. Over the next two years, other bridges were
used more, but the total number of cars crossing bridges was reduced.

c{')— LOChner 29



Your takeaways

Adding a road is not the same as increasing capacity.

Obviously, adding a bad link could increase delay. But if it’s
obvious, it’s not a paradox!

Induced demand could happen. Braess should get neither
credit nor blame for identifying that.

7/26/2025 d')— LOChner 30



Conclusion: Debunking Braess’” Paradox

Braess' example network would appear ridiculous if
somehow represented in real life.

The Paradox, nevertheless, continues to be accepted with
little scrutiny from transportation professionals. The

theory is continuing to mislead public policy on roadway
infrastructure.

7/26/2025 d')— LOChner
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