
From Supernetworks to
Supply Chains in the Pandemic

Anna Nagurney

Eugene M. Isenberg Chair in Integrative Studies
Director – Virtual Center for Supernetworks

Operations and Information Management Department

Chancellor’s Donor Appreciation Breakfast – November 6, 2021

Anna Nagurney From Supernetworks to Supply Chains in the Pandemic



Alumnus Jack Smith Jr. and the Chaired Professorship

In 1998, I had the honor of being appointed the John F.
Smith Memorial Professor and meeting the benefactor, Jack
Smith Jr., class of 1960, who endowed this chaired
professorship in honor of his father.

Jack Smith Jr. was the
Chairman of the Board of
General Motors from 1996
to 2003 and the CEO from
1992 to 2000.

He was a member of Delta’s
Board of Directors from
2000 and the Chairman of
the Board of Directors of
Delta Air Lines from 2004
until his retirement in 2007.
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Alumnus Jack Smith Jr. and the Chaired Professorship
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The Supernetworks Book and the Founding of the Center

The book, “Supernetworks: Decision-Making for the
Information Age,” was written in 2001.

The Virtual Center for Supernetworks was established in the
Fall of 2001, after several NSF grants plus an AT&T
Industrial Ecology Fellowship.
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Supernetworks

Supernetworks are networks of networks and their
applications are vast and growing.

The study of supernetworks focuses on the interactions
among networks that underpin our societies and economies.
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Importance of Capturing Behavior on Networks - The
Braess (1968) Paradox and User-Optimizing (U-O)
Behavior

Assume a network with a
single O/D pair (1,4). There
are 2 paths available to
travelers: p1 = (a, c) and
p2 = (b, d).

For a travel demand of 6, the
equilibrium path flows are
x∗p1

= x∗p2
= 3 and

The equilibrium path travel
cost is
Cp1 = Cp2 = 83.
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ca(fa) = 10fa, cb(fb) = fb + 50,

cc(fc) = fc +50, cd(fd) = 10fd .
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Adding a Link Increases Travel Cost for All!

Adding a new link creates a
new path p3 = (a, e, d).

The original flow distribution
pattern is no longer an
equilibrium pattern, since at
this level of flow the cost on
path p3,Cp3 = 70.

The new equilibrium flow
pattern network is
x∗p1

= x∗p2
= x∗p3

= 2.

The equilibrium path travel
cost: Cp1 = Cp2 = Cp3 = 92.
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We Translate the Braess Article from German to English
and Host Braess

The 1968 Braess article has been translated from German to

English: “On a Paradox of Traffic Planning,” D. Braess, A.

Nagurney, and T. Wakolbinger, Transportation Science 39 (2005),

pp 446-450.
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Interview on Broadway for PBS America Revealed
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Inclusion of Undergraduates

Multiple undergraduates have
taken part in research at the
Center.

Several of these – Christina
Calvaneso and Steve Davis – went
on to receive 21st Century Leaders
Awards from UMass Amherst at
graduations, an award that I
nominated them.

Two OIM CHC undergraduates,

Emilio Alvarez-Flores and Karen Li,

who also received a 21st Century

Leaders Award, have worked with

Supernetwork Center Associates

and have written theses (as did

Calvaneso) and have had journal

articles published.
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Supply Chains Are One of the Most Important
Applications of Supernetworks
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Supply Chains Are One of the Most Important
Applications of Supernetworks
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Figure 1: Multilevel Network Structure of the Supply Chain System
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Books
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A Multidisciplinary Approach to Supply Chain Networks

In our research on perishable and time-sensitive product
supply chains, we utilize results from physics, chemistry,
biology, and medicine in order to capture the perishability of
various products over time.

food

blood

medical nucleotides

pharmaceuticals

vaccines.

Many such supply chains are essential and have been
severely challenged in the pandemic due to various
disruptions and negative impacts on labor!
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It’s All About People

A major research theme of ours in the COVID-19 pandemic
is the inclusion of labor in supply chains, using optimization
and game theory.
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Research and Publications

“Perishable Food Supply Chain Networks with Labor in the
Covid-19 Pandemic,” A. Nagurney, in: Dynamics of Disasters -
Impact, Risk, Resilience, and Solutions, I.S. Kotsireas, A.
Nagurney, P.M. Pardalos, and A. Tsokas, Editors, Springer
International Publishing Switzerland, 2021, pp 173-193.
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Perishable Food Supply Chain Network Model with Labor
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Figure 2: The Perishable Food Supply Chain Network Topology
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Research and Publications

In a series of papers we constructed supply chain network models

with labor that included productivity factors and constraints on

labor in order to identify the impacts of disruptions and to suggest

possible mitigation procedures.
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Supply Chain Model with Different Labor Constraints
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Game Theory Supply Chain Network Model with Labor
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Figure 4: The Supply Chain Network Topology for the Game Theory
Model with Labor
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Some Additional Research

The fierce competition for PPEs and other medical supplies
also inspired the following work:

“Competition for Medical Supplies Under Stochastic
Demand in the Covid-19 Pandemic: A Generalized Nash
Equilibrium Framework,” A. Nagurney, M. Salarpour, J.
Dong, and P. Dutta, in: Nonlinear Analysis and Global
Optimization, T.M. Rassias, and P.M. Pardalos, Editors,
(2021), Springer Nature Switzerland AG, pp 331-356.

In this paper, we modeled the competition for medical
supplies in the Covid-19 pandemic under stochastic demand
and a fixed amount of supplies at different points.
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Blood Supply Chains for the Red Cross

Our research on blood supply chains, a topic I teach in my
Humanitarian Logistics and Healthcare class, has also been
influential in the pandemic.
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Writing OpEds in the Pandemic

On March 11, 2020 the WHO declared the pandemic. On March 12 my

article on blood supply chains in The Conversation appeared and, on

March 24 my article in INFORMS Analytics Coronavirus Chronicles.
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Writing OpEds in the Pandemic

On August 4, 2020, I published an article in The Conversation,

“The Raging Competition for Medical Supplies is not a
Game, but Game Theory Can Help.”

On September 18, 2020, I published another article in The
Conversation,

“Keeping Coronavirus Vaccines at Subzero Temperatures
During Distribution Will Be Hard, but Likely Key to Ending
Pandemic.”
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Writing OpEds in the Pandemic

On January 8, 2021, my article,

“Vaccine Delays Reveal Unexpected Weak Link in Supply
Chains: A Shortage of Workers,” appeared in The Conversation.

On September 21, 2021, I published the article,

“Global Shortage of Shipping Containers Highlights Their
Importance in Getting Goods to Amazon Warehouses, Store
Shelves and Your Door in Time for Christmas,” also in The
Conversation.
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Writing OpEds in the Pandemic

My article, in one month, was read by over 315,000 readers;
was reprinted by Fast Company, and remains the most read
article authored by a UMass Amherst Professor in The
Conversation since its founding 10 and a half years ago.
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Some of the Media Coverage of Our Work During the
Pandemic
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Many of the Media Interviews Have Been Fascinating
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Impacting Policy

On April 22, 2020, a letter from California Attorney General Xavier
Becerra to the Admiral Brett Giroir, the Assistant Secretary of the
US Department of Health & Human Services, and signed by US
Attorney Generals of 21 other states, requested updates, because
of the pandemic blood shortages, to blood donation policies that
discriminate.

My article on blood supply chains in The Conversation, which was

reprinted in LiveScience, was the first reference and was cited on

the first page.
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Impacting Policy

Xavier Becerra is now President Biden’s Secretary of the

Department of Health and Human Services.
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Good News Arrives

I would like to thank the UMass

Board of Trustees and President

Martin T. Meehan for my

appointment on April 14, 2021 to

the Eugene M. Isenberg Chair in

Integrative Studies. I would also

like to thank the Isenberg School

Dean Anne P. Massey for her

support and leadership and that

of Provost John McCarthy and

Chancellor Kumble R.

Subbaswamy.

Many thanks to the Isenberg Family for their extraordinary

philanthropy.
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Thank You Very Much!

For more information, see: http://supernet.isenberg.umass.edu
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