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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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Supply Chains Are One of the Most Important
Applications of Supernetworks

Anna Nagurney Supernetworks and Ukraine



Supply Chains Are One of the Most Important
Applications of Supernetworks
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Figure: Multilevel Network Structure of the Supply Chain System
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Supply Chains Integrated with Social Networks

Social Network
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The Supernetwork

Supply Chain Network
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Figure: The Multilevel Supernetwork Structure of the Integrated Supply
Chain / Social Network System
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Some of My 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. This research is highly relevant also to
Ukraine as the war there rages on.
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Some Motivation - Food Supply Chains

Food is essential to our health and well-being. During the
COVID-19 pandemic, the associated supply chains suffered
major disruptions.

Ukraine is known as the breadbasket of the world, and the
war against Ukraine is exacerbating global food insecurity.
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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: The Perishable Food Supply Chain Network Topology
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Research and Publications

In a series of journal articles, we constructed additional supply

chain network models with labor, both optimization and game

theory ones, that included productivity factors and different sets of

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: The Supply Chain Network Topology for the Game Theory Model
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A Supernetwork Model of Multiperiod Supply Chains

i0
?

�����
�����

PPPPPPPPPPPPPq

The Firm

i0,1
�

�
���

A
A
AAU

i
i
i
i Production

· · ·

Transportation

Storage

· · ·

Distribution

· · ·D1,1 DnR ,1

M1,1 MnR ,1

?

@
@

@@R?

�
�

��	

· · ·

· · ·

i i1, 1 nR , 1

�
�

��

Z
Z

Z
ZZ~

B
B
BBN

�
�

�
��=

· · ·
Demand Markets
Time Period 1

i0,2
�

�
���

A
A
AAU

i
i
i
i

?

@
@

@@R?

�
�

��	

· · ·

· · ·D1,2 DnR ,2

M1,2 MnR ,2

i i1, 2 nR , 2

�
�

��

Z
Z

Z
ZZ~

B
B
BBN

�
�

�
��=

· · ·
· · ·Demand Markets

Time Period 2

i0,T
�

�
���

A
A
AAU

i
i
i
i

D1,T DnR ,T

M1,T MnR ,T

?

@
@

@@R?

�
�

��	

· · ·

· · ·

i i1, T nR , T

�
�

��

Z
Z

Z
ZZ~

B
B
BBN

�
�

�
��=

· · ·
Demand Markets
Time Period T

· · ·· · ·

Figure: Supernetwork Structure of the Model with Labor Productivity
Enhancements Anna Nagurney Supernetworks and Ukraine



Refugee Networks

Our research on supernetworks, of relevance to Ukraine, has
also focused on network models of human migration as well
a refugee networks.
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Cooperation in the Pandemic and in the War Against
Ukraine

We recognize the great competition for various products
including medical supplies, vaccines, etc., as well as labor in
multiple sectors of the economy, but there are also
opportunities for cooperation among stakeholders.

There is also great promise now for enhanced partnerships and
these even may be between private companies as well as between
private and nonprofit organizations.

Lessons learned from disaster management are potentially of
great benefit to pandemic preparedness and also in the war.
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Cooperation in Disaster Relief

Our paper, “Quantifying Supply Chain Network Synergy for
Humanitarian Organizations,” A. Nagurney and Q. Qiang, IBM
Journal of Research and Development, 64(1/2), 2020, pp.
12:1-12:16, identifies potential synergy of cooperation.

The models capture the uncertainties associated with costs and

demands.
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Case Without Cooperation
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Case with Cooperation
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Synergy Quantification

We denote the synergy by STGC . It is the percentage difference
between the total generalized cost without vs. with the horizontal
cooperation (evaluated at the respective optimal solutions):

STGC ≡ [
TGC 0∗ − TGC 1∗

TGC 0∗ ]× 100%.

The lower the total generalized cost TGC 1∗, the higher the
synergy associated with the supply chain network
cooperation and, therefore, the greater the total cost savings
resulting from the cooperation.
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Synergy Quantification

The total generalized costs include not only the monetary
costs, but also the risks and uncertainties involved in the
supply chain as well as the associated penalties of shortages
and surpluses.

In specific disaster relief operations, including in the
pandemic, one may evaluate the integration of supply chain
networks with only a subset of the links connecting the
original supply chain networks.
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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.

Anna Nagurney Supernetworks and Ukraine



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 April 5, 2021, I published the article,

“Today’s Global Economy Runs on Standardized Containers,
as the Ever Given Fiasco Illustrates,” also in The Conversation.
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Writing OpEds in the Pandemic

On September 21, 2021, my article,

“Global Shortage of Shipping Containers Highlights Their
Importance in Getting Goods to Amazon Warehouses, Store
Shelves and Your Door in Time for Christmas,” appeared in
The Conversation. It has had over 330,000 reads.

On February 3, 2022, my article,

“Heading into the Third Year of the Pandemic, the US Blood
Supply is at a 10-Year Low,” was published in The Conversation.
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Some of My Media Interviews in the Pandemic
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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 March 2020 article 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
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Impacting Policy

Xavier Becerra, previously California’s Attorney General, has
now been confirmed as President Joe Biden’s Health and
Human Services Secretary!
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Some of the Media Interviews on the War on Ukraine
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Ukraine and the War Economy

Russia’s war against Ukraine is an unmitigated disaster.
According to the World Bank, Ukraine’s economy is expected
to contract by 45% in 2022 due to Russian invasion.

At the same time, the resilience of Ukrainians has been
awe-inspiring.

Ukraine will have to rely on outside aid, which is estimated
even now to be $2 billion a month.

The disruption to critical infrastructure, from roads and
other transportation links, to electric power networks and
telecommunication networks, and even the mining of
agricultural fields and destruction of food warehouses,
healthcare facilities, manufacturing sites, and schools, plus
housing, has been very significant and the social and
environmental costs - immense.
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Ukraine and the War Economy

Academics are playing a pivotal role in Ukraine and have
prepared a blueprint for reconstruction. Despite the massive
economic disruption and mounting fiscal challenges,
government functions are largely operational. Ukrainians
have a strong sense of common purpose and unity.

I foresee the rebuilding of critical infrastructure networks in

Ukraine as being pivotal in its reconstruction and renewal. Tools

that we have developed can help.
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Identification of the Most Important Nodes and Links

With Q. Qiang, in a series of publications, we constructed
network performance measures that enable the ranking of
the importance of nodes and links in networks from supply
chains and financial networks to electric power ones and the
Internet.

A reference is our book, which contains a complete set of citations.
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Identification of the Most Important Nodes and Links

The tools have been applied to identify the most important
routes in Germany and in Greece (even for evacuation
networks as in disasters or times of war); to determine
whether to invest in a new subway line in Dublin as well as
to identify enhanced maritime routes for Indonesia.
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My Work with the Kyiv School of Economics

For the past several years, I have served on the International
Academic Board and the Board of Directors of the Kyiv
School of Economics (KSE).

Shortly after the invasion of Ukraine by Russia on February
24, 2022, I was elected Co-Chair of the KSE Board of
Directors - a great honor.

I have done my best to support the great colleagues and
leadership of KSE and am very pleased that the University of
Massachusetts Amherst signed a Memorandum of
Agreement with KSE.
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My Work with the Kyiv School of Economics
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Thank You!

For more information: https://supernet.isenberg.umass.edu/
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