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Background and Motivation

Professor Anna Nagurney Blood, Sweat, and PPEs



I Work on the Modeling of Network Systems
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Much of My Recent Research Has Been on Supply Chains
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Some of My Books
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A Multidisciplinary Approach

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 from healthcare products such as blood, medical
nucleotides, and pharmaceuticals to food.
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Food Supply Chains and Disruptions
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Food Supply Chains

Food is essential to our health and well-being. During the
Covid-19 pandemic, declared on March 11, 2020 by the World
Health Organization, the associated supply chains have suffered
major disruptions.
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Fresh Produce Food Supply Chains

Our fresh produce supply chain network oligopoly model:

1 captures the deterioration of fresh food along the entire
supply chain from a network perspective;

2 handles the time decay through the introduction of arc
multipliers;

3 formulates oligopolistic competition with product
differentiation;

4 includes the disposal of the spoiled food products, along with
the associated costs;

5 allows for the assessment of alternative technologies involved
in each supply chain activity.

M. Yu and A. Nagurney, “Competitive Food Supply Chain

Networks with Application to Fresh Produce,” European Journal of

Operational Research 224(2) (2013), pp 273-282.
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Fresh Produce Food Supply Chains
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The Fresh Produce Supply Chain Network Topology
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Pharmaceutical Supply Chains

The supply chain generalized network oligopoly model has
the following novel features:

1 it handles the perishability of the pharmaceutical product
through the introduction of arc multipliers;

2 it allows each firm to minimize the discarding cost of waste /
perished medicine;

3 it captures product differentiation under oligopolistic
competition through the branding of drugs, which can also
include generics as distinct brands.

A.H. Masoumi, M. Yu, and A. Nagurney, “A Supply Chain

Generalized Network Oligopoly Model for Pharmaceuticals Under

Brand Differentiation and Perishability,” Transportation Research E

48 (2012), pp 762-780.
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Figure: The Pharmaceutical Supply Chain Network Topology
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The Fresh Produce Supply Chain Network Topology

The I farms compete noncooperatively in an oligopolistic manner.

Products are differentiated based on quality at the farmers’ markets.
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D. Besik and A. Nagurney, “Quality in Competitive Fresh Produce Supply
Chains with Application to Farmers’ Markets,” Socio-Economic Planning
Sciences 60 (2017), pp 62-76.
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Food Supply Chain Disruptions Due to Covid-19

The Covid-19 pandemic has impacted food supply chains in a
dramatic and sustained manner.

1 Infections at three of the nation’s largest meat processors
have quadrupled over the past month despite new safety
measures. At Tysons Foods, the largest meat processor in the
US, the number of Tyson employees with the coronavirus
has exploded from less than 1,600 a month ago to more
than 7,000 as of May 25, 2020.

2 Shortages of many types of meats, even organic chicken,
are being experienced, with price increases, with
expectations that these will continue. It is projected that
meat supplies in grocery stores could shrink as much as
35%, prices could rise 20% with even greater impact later
this year.

3 Fresh produce (oranges, potatoes, strawberries, etc.) on
some farms, has had to be discarded because of lack of
timely processing capabilities at plants.
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Food Supply Chain Disruptions Due to Covid-19

1 Many farm animals have had to be culled because of the
shutdown of several big meat processing plants. Enhanced
cleaning, redesign, and emphasis on social distancing is
slowing down the processing, causing additional delays. It is
estimated that up to 10,069,000 market hogs will need
to be euthanized.

2 Labor needed to pick ripened produce is less available
due to migrant labor restrictions, illnesses, etc.

3 With the closures of schools, restaurants, businesses, etc.,
outlets for perishable food have been changed dramatically.
Distribution channels are in dire need of being
reinvisioned and redesigned.

4 Food insecurity is rising nationally. Massachusetts
committed $56 million to fighting food insecurity as local
pantries struggle to keep up with demands (May 27).
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Food Supply Chain Disruptions Due to Covid-19
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Perishable Food Supply Chain Network Model with Labor

Our new paper, “Perishable Food Supply Chain Networks
with Labor in the Covid-19 Pandemic,” A. Nagurney, May
2020.

• With lack of availability of labor being one of the drivers of
supply chain disruptions, we developed a new model that considers
labor in all the supply chain network economic activities of
production, transportation, processing, storage, and distribution.

• The impacts of the reduction of labor (capacities) on supply
chain network links can then be quantitatively evaluated on the
perishable product flows, the prices that the consumers pay, and
profits of the firm.

• The modeling and algorithmic framework enables a variety of
sensitivity analysis exercises in terms of the addition of facilities
(also their removal) and demand markets as well as redesign of the
supply chain network with more direct distribution channels.
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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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Perishable Food Supply Chain Network Model with Labor

Our findings include:

1 The lack of labor on a single link, even a freight one,
may significantly negatively impact a food firm.

2 Preserving productivity in all utilized supply chain
network economic activities is critical since the impact of a
drastic reduction can severely reduce profits.

3 Adding more direct sales, whether at farmers’ markets or
nearby farm stands, may help a food firm in a pandemic.

4 Also, if a firm enhances its marketing so as to have
consumers be willing to pay a higher price for its fresh
produce, major profit increases can occur.
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Identifying the Most Important Nodes and Links
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Where are the PPEs?
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Time and Perishable Products

Classical examples of perishable goods include fresh produce in
the form of fruits and vegetables, meat and dairy products,
medicines and vaccines, radioisotopes, cut flowers, and even
human blood.

We take the broader perspective of products being perishable
not only in terms of their characteristics (such as their chemistry
and the underlying physics) and supply (that is, the manner of
procurement/production/processing, storage, transportation, etc.)
aspects, but also in terms of the demand for the products.

We include, under the perishable product umbrella, products
that are discarded (or replaced) relatively quickly after purchase,
because of changing consumer tastes, such as fast fashion
apparel, or those that become obsolete (as in certain high
technology products) and PPEs.
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Battling Ebola and PPEs

I teach a class on Humanitarian Logistics and Healthcare,
which includes guest lectures by practitioners.

In 2014, Debbie Wilson, a nurse working for Doctors Without
Borders, spent 6 weeks battling Ebola in Liberia. Wilson managed
a 120-bed Ebola Treatment Unit (ETU) at the height of the Ebola
epidemic.

She spoke to my class in 2015 and in 2018.
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Battling Ebola and PPEs

Ms. Wilson’s chapter in our book, “Ode to the Humanitarian
Logistician: Humanistic Logistics Through a Nurse’s Eye.”
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Battling Ebola and PPEs
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A. Nagurney, “Freight Service Provision for Disaster Relief: A

Competitive Network Model with Computations,” in Dynamics of

Disasters: Key Concepts, Models, Algorithms, and Insights, I.S.

Kotsireas, A. Nagurney, and P.M. Pardalos, Eds., Springer

International Publishing Switzerland (2016), pp 207-229.
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Battling Ebola and PPEs

We introduce a price of anarchy in this new setting, where the
price P is defined below:

P =
TC(Equilibrium Solution)

TC(System-Optimized Solution)

where the total cost TC=
∑m

j=1 ĉj(
∑n

k=1 Qjk) +
∑m

j=1

∑n
k=1 cjk(Q)

is evaluated at the equilibrium solution in the numerator and at the
system-optimized solution in the denominator.

In the paper, a case study on the shipment of PPE supplies in the
context of the Ebola humanitarian healthcare crisis in west Africa.

The computational results yield insights on the equilibrium
shipment and price patterns in the freight service provision
sector for humanitarian operations in terms of enhanced or
reduced competition, as well as increases in demand.
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Where are the PPEs?

• In early March, it was reported that by the Department of Health
and Human Services that the national stockpile had about 12
million N95 respirators and 30 million surgical masks - 1% of
the estimated 3.5 billion masks the nation would need in a
severe pandemic. Another 5 million N95 masks in the
stockpile were expired.

• Prior to the coronavirus outbreak, China made half the
world’s face masks. When the outbreak took off there, China
started to use its supply and hoard what remained. This problem
has only spread since, as more countries hoarded medical supplies,
with some even banning most PPE exports. So as demand
increased due to Covid-19 there was less supply to go around.

• “We are out of everything, wrote a staffer at a large
hospital in Tennessee in mid April. “Providers using one
mask for 3+ weeks. Many COVID patients. Zero gowns.”
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N95 Mask Supply Chain

1 Individual state governments and health care systems
are currently competing for resources, especially PPEs
and ventilators.

2 N95 are quite complex to manufacture and require a lot of
quality control.

3 In late April, 2020, 3M Co., Honeywell International Inc.
and a unit of Owens & Minor Inc. received Pentagon
contracts to make 39 million N95 face masks for medical
workers under the Defense Production Act. The
military’s first use of the Defense Production Act in the
coronavirus crisis was announced April 11 – $133 million
in contracts for the masks.

4 Because of shortages that continue there is impetus to devise
mechanisms for disinfection and reuse. Another possibility is
the use of elastomerics.
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Where Are the PPEs?
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Where Are the PPEs?

Results of a survey of healthcare workers reported in The
Washington Post, May 20, 2020.
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Supply Chain Model with Different Labor Constraints

The modeling framework considers first elastic demands for a
product and then fixed demands, coupled with distinct types of
labor capacities in order to capture the availability of this valuable
resource in a pandemic, as well as possible flexibility.

The supply chain network framework includes electronic
commerce and is relevant to many different supply chain
applications including protective personal and medical
equipment.

A. Nagurney, “Optimization of Supply Chain Networks with
Inclusion of Labor: Applications to Covid-19 Pandemic
Disruptions,” April 2020.
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Supply Chain Model with Different Labor Constraints
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Supply Chain Model with Different Labor Constraints

The model considers three sets of labor constraints, of
increasing flexibility of movement.

1 In the first set, each supply chain link has an upper bound of
available labor. Labor is is not free to move to other production
sites, nor to other distribution centers, or assist in freight service
provision.

2 In the second set, labor is free to move across a supply chain
set of network economic activities (such as production, or
transportation, or storage, and, finally, distribution). There is a
capacity of labor associated with each such “tier” of supply chain
links. Those who have skills in production, or in distribution, etc.,
may be reallocated. This has been happening in freight service
provision, for example, during the Covid-19 pandemic.

3 In the third set, labor is free to move across all the supply
chain network economic activities, and there is a single
capacity. McKinsey & Company noted this is a means towards
resilience and returning the supply chain to effectiveness while
reenvisioning and reforming.

Professor Anna Nagurney Blood, Sweat, and PPEs



Supply Chain Performance Assessment

Earlier, we developed a multitiered competitive supply chain
network game theory model, which includes the supplier tier. The
firms are differentiated by brands and can produce their own components,
as reflected by their capacities, and/or obtain components from one or
more suppliers, who also are capacitated.

We construct supply chain network performance measures for the

full supply chain and the individual firm levels that assess the

efficiency of the supply chain or firm, respectively, and also allow for the

identification and ranking of the importance of suppliers and the

components of suppliers with respect to the full supply chain or

individual firm.

D. Li and A. Nagurney, “Supply Chain Performance
Assessment and Supplier and Component Importance
Identification in a General Competitive Multitiered Supply
Chain Network Model,” Journal of Global Optimization (2017)
67(1), pp 223-250.
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Supply Chain Performance Assessment
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Blood Supply Chains in the Pandemic

and

Convalescent Plasma
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Blood Supply Chains

Blood is a unique product since it cannot but manufactured
but must be donated.

Blood is a perishable product with the shelf life of platelets being 5
days and of red blood cells – 42.

Blood transfusions are integral parts of major surgeries. Blood is
used in the treatment of diseases, particularly sickle cell anemia
and some cancers. Blood is also needed for victims who have
injuries caused by accidents or natural disasters.
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Blood Supply Chains - Some Background

• Before the pandemic, every day, the US needed 36,000
units of red blood cells, 7,000 units of platelets, and 10,000
units of plasma.

• An estimated 38% of the US population is eligible to donate
blood at any given time. However, less than 10% of that eligible
population actually donates blood each year.

• Issues of seasonality place additional pressure on blood service
organizations on obtaining blood donations.
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Blood Supply Chains - Some Background

• The blood services industry has gone through a massive
transformation in the past decade, even before the pandemic
hit.

• There have been economic pressures, driven by the need to
reduce costs, while, at the same time, having to test for new
diseases such as Zika.

• At the same time, with enhanced medical procedures, there has
been a decrease in demand for blood in certain surgeries.

• Blood service organizations, the majority of which are nonprofits,
have been subject to competition and also to mergers and
acquisitions.
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Blood Supply Chains

The American Red Cross is the
major supplier of blood products
to hospitals and medical centers
satisfying about 40% of the
demand for blood components
nationally.
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Blood Supply Chain in the Pandemic
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Additional Challenges in the Pandemic

With the pandemic, and school and business office
closures, there are fewer convenient collection sites, and also
fewer available donors since one cannot donate while sick.
The Red Cross in mid March had to cancel nearly 2,700
blood drives resulting in some 86,000 fewer blood
donations. More than 80% of the blood the Red Cross
collects comes from drives held at these locations.
Elective surgeries were postponed / cancelled in the first
months of the pandemic causing a potential surge in demand
once restrictions are loosened.
Some donors are concerned about risk of contracting
Covid-19, although blood service organizations have now
stepped up with greater attention to sanitation but
extra infection control takes time.
Workers are getting ill causing disruptions to the labor supply
as well as greater difficulty in getting appointments for blood
donations.
There is even greater competition for blood.Professor Anna Nagurney Blood, Sweat, and PPEs



Blood Supply Chains for the Red Cross

A. Nagurney, A.H. Masoumi, and M. Yu, “Supply Chain
Network Operations Management of a Blood Banking
System with Cost and Risk Minimization,” Computational
Management Science 9(2) (2012), pp 205-231.

Professor Anna Nagurney Blood, Sweat, and PPEs



Supply Chain Network Topology for a Regionalized Blood Bankd ARC Regional Division1
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Blood Supply Chains for the Red Cross

Our blood supply chain network optimization model for the
management of the procurement, testing and processing,
and distribution has such novel features as:

It captures perishability of this life-saving product through
the use of arc multipliers;

It contains discarding costs associated with waste/disposal;

It handles uncertainty associated with demand points;

It assesses costs associated with shortages/surpluses at
the demand points, and

It quantifies the supply-side risk associated with
procurement.
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Blood Supply Chains

In the paper, “Mergers and Acquisitions in Blood Banking
Systems: A Supply Chain Network Approach,” A.H.
Masoumi, M. Yu, and A. Nagurney, International Journal of
Production Economics 193 (2017), pp 406-421,

we constructed network models to assess possible synergies
associated with mergers and acquisitions among blood service
organizations, taking into account capacities and frequencies of
various supply chain network link activities.

Our results reveal that, for geographically distant merging blood banks,

under a demand surge scenario, the merged organization will experience a

significant synergy, both in terms of the total operational cost as well as

the expected shortage penalty despite the distance between the blood

banks.

This is relevant also to the teaming of blood banks as in the
pandemic.
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Blood Supply Chain Competition

One of the implications of these challenges is the rise of
competition among the blood service organizations.

On one hand, they compete for the limited pool of eligible
blood donors and on the other hand, for supply contracts
with hospitals.
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Blood Supply Chain Competition

A. Nagurney and P. Dutta, “Supply Chain Network Competition

Among Blood Service Organizations: A Generalized Nash

Equilibrium Framework,” Annals of Operations Research 275(2)

(2019), pp 551-586.

We focus on the operational challenges faced by blood service

organizations and their transactions with hospitals.

A. Nagurney and P. Dutta, “Competition for Blood Donations,” Omega

212 (2019), pp 103-114.
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Blood Supply Chain Competition
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Convalescent Plasma and Hope

As of May 1, 2020, according to data tracked by Johns
Hopkins University, about 154,000 people in the United
States have recovered from the deadly virus.

Convalescent plasma of those who have recovered from
Covid-19 contains antibodies that can fight the virus
SARS-CoV-2 causing the disease.

In a study posted on May 22, 2020, and reported in the
WSJ: Sick patients who got plasma transfusions from
those who had recovered from the coronavirus infection
had better survival rates compared with a control group.

Investigations into convalescent plasma are taking place
globally, including in Europe and India.
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Convalescent Plasma and Hope

As of May 14, 2020, almost 10,500 COVID-19 patients have now
received the treatment at facilities across the country, according to
the Mayo Clinic in Rochester, Minnesota, with Mount Sinai
Hospital in NYC, which is part of the national coalition, using it on
more than 350 COVID-19 patients.

This convalescent plasma has been found to be safe.
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Our Work on a Convalescent Plasma Model

Our new paper, “A Multiclass, Multiproduct Covid-19
Conavescent Plasma Donor Equilibrium Model,” A.
Nagurney and P. Dutta (2020), captures competition
between nonprofit organizations and for profit ones for
convalescent plasma.

A very interesting market has now arisen in which
organizations are competing for survivors blood and some for
profit organizations are offering monetary compensation to
donors that can be quite high.

Additional products from convalescent plasma include
hyperimmune globulin and monoclonal antibodies.
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Our Work on a Convalescent Plasma Model
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Convalescent Plasma Donor Model

Professor Anna Nagurney Blood, Sweat, and PPEs



Our Work on a Convalescent Plasma Model

Some findings from the numerical computations which focus
on NYC, which is now an epicenter of the pandemic in the
United States.

It is important to make the experience of donating
convalescent plasma as positive as feasible since a decrease in
a utility function fixed term can impact donations.

Care should be taken when a for profit moves in since
convalescent plasma donors may shift their donations from
nonprofit organizations to a for profit one.

Proximity matters and convenience of collection sites.

Availability of labor needed for the collection process during
the pandemic and capacities of the collection sites play an
important role. Organizations collecting convalescent plasma
need to have the resources to collect from the donors.
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Impacting Policy Through Analytics
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Writing OpEds
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Coverage by the Media
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Writing OpEds

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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Coverage by the Media During the Pandemic
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Impacting Policy Through Analytics

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 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 Through Analytics
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Impacting Policy Through Analytics
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Enhanced Visibility and Influencing Students

Article on the Isenberg School website.
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Enhanced Visibility and Influencing the Younger Generation

Honored to be one of 44 Females in STEM featured in this
book geared to inspiring girls.
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Thank You!

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

Professor Anna Nagurney Blood, Sweat, and PPEs


