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Four Healthcare Supply Chain Challenges amid Pandemic 

1. PPE Shortages

2. National stockpile allocation 
(with private information)

3. Warp Speed COVID Vaccine 
Development 

4. Efficient Vaccine distribution 

Need Innovative healthcare supply 
chain solutions 



Overcoming challenge # 1: PPE Shortages  --
Reshoring via Biden’s Build Back Better! 4 areas: semiconductor, 

EV battery + minerals, 
Pharmaceuticals, API



But Reshoring is hard to do…..   The Odyssey in 2020
• Shawmut, an advanced textiles producer in MA, tried 

to produce hospital gowns and N95 masks in 2020
• 3-5 months to  source, import,  and  adapt  materials and  

melt-blown equipment, etc.

• Hospital Gowns need  510(k) filing with FDA 90 days in 
advance before marketing
• Cost $100,000 to prepare, 6+ months for approve

• N95 masks needs to pass  NIOSH ‘s testing + approval
• 81-page document to explain the process

• Took months  approved in Feb 2021 

• Lessons:
• Public-Private sector coordination is needed!  

• Need innovative ideas to develop resilient supply chains!   

• Need proactive collaborations!



Agenda:  Innovative Ideas + Resilient Supply Chains 
4 Challenges Proposals: Resilient  Supply 

Chains 

PPE Shortages A Resilient Supply “Ecosystem”

Stockpile allocation to different 
states (with private info) 

An “Truth-Telling” Mechanism

Warp Speed COVID Vaccine 
Development

A “Parallel” Development Process 
+ “Incentive Contracts”

Efficient Vaccine distribution A “Dose-Stretching” Policy 



Proposal 1: A resilient supply ecosystem (Li, Sodhi, Tang, Yu  (2021)) 

• A 3-tiered supply “ecosystem” (x, y, z):
1. Stockpile inventory x : “on-demand”

2. Backup capacity y : “on-reserve” 
(shift from global to domestic supply chains)

3. Standby capability z : “on-alert”
(convert capability to capacity: 3-D printing)

Capability is necessary for future products

Need coordination and collaboration
• US government, private corporations, 

universities – e.g., Consortium -- America 
Makes,  Sematech, etc. 

Stockpile Inventory: x

Backup Capacity: y 

Standby Capability:  z

Demand Rate: D(t)

T0

T1

T2

A 3-tiered Resilient Supply Ecosystem

(u: unit cost, 
h: holding cost)

(r: reservation cost, 
s: exercise cost)

(a: development cost,
c: conversion cost)



Proposal 1: A resilient supply ecosystem (x, y, z)
1. Assume D(t) is Exponentially distributed with rate λ

2. Stockpile Inventory  x  (u: unit cost, h: holding cost)

3. Backup capacity   y (r: reservation cost, s: exercise cost)

4. Standby capability   z (a: development cost, c: conversion 
cost) + conversion yield = δ w.p. θ (= 0, w.p. (1-θ)) 

5. Stockout penalty  p, and deployment time is instantaneous

Question:  what is (x*, y*, z*) that minimizes the total 
expected cost?  When to develop capability  z* > 0? 

Inv only Inv + Capacity Inv +Capacity 
+ Capability

All + shortfall



Optimal x*, y*, and z*
conversion 
yield = δ w.p. θ  
(= 0, o.w.) 

Implications:
• Optimal inventory x* is linked with capacity decision only
• Optimal capacity  y* is wedged between inventory and capability 

decision
• Optimal capability  z* is connected to the capacity decision only
• Develop capability (z* > 0) only when the effective costs 

(development and conversion) are low enough



Challenge # 2: Allocating critical supplies (with private information)

Process:
• States make request to 

Federal government
• Federal government 

allocates supplies 

Challenges:
1. Decentralized 

Information – data 
reside at the State level

2. Decentralized control --
Fed sets policy, States 
executes



Proposal 2: A proactive truth-telling mechanism
• T is the  “points” to be paid by a state  

• Fed provides each state with a certain # of points (not $) -- to induce truth-telling

• q is the  “allocation” to each state – receive less allocation with 0 point
• Unlike the PPE bidding war in 2020 based on $  + winner takes all

• Need to find  T and  q  (Fan, Chen, and Tang, 2021)   

Feeding America’s
Auction  System

LA Food 
Bank’s bid



Proposal  2:  A proactive truth telling mechanism and an 
efficient allocation plan (Fan, Chen and Tang (2021))



Proposal 2: A proactive truth-telling mechanism (T, q)

w_i is the bargaining power of 
agent i due to political clout

(Max – social welfare)

Θ (state’s real need)  is not 

known to the principal  (Fed)



Allocating scarce resources with private demand 
information 𝜃𝑖

𝛾
: A mechanism design problem

• Closed formed expressions for q* and T*

• Allocation is “inefficient” when rationing is 

needed (i.e., when  𝑄 < σ
𝜃𝑖

𝛾
)

• Agent with higher w_i will get more q_i*

• “Inefficiency” can be reduced when the 
principal cares about its own monetary 
benefits via  w_0  by solving:

w_i is the bargaining power of 
agent i due to political clout



Agenda:  Innovative Ideas + Resilient Supply Chains 
4 Challenges Proposals: Resilient  Supply 

Chains 

PPE Shortages A Resilient Supply “Ecosystem”

Stockpile allocation to different 
states (with private info) 

An “Auction-liked” Truth-Telling 
Mechanism

Warp Speed COVID Vaccine 
Development

A “Parallel” Development Process 
+ “Incentive Contracts”

Efficient Vaccine distribution A “Dose-Stretching” Policy 



Challenge # 3: Warp Speed COVID Vaccine Development

10 years

Less than 1 year!



Proposal 3: An incentive mechanism to support Warp Speed

• Typical “sequential (S)” vaccine development process takes a long time!  

• Accelerated “concurrent ( C)” vaccine development process (Warp Speed)
• Phase II/III Clinical Trials and manufacturing  are done in parallel  

• Firms may not participate: risky upfront mfring investment… vaccine may not work!  

• Government  offers  contingent advance purchasing  contracts as  incentives for 
multiple firms to  compete …..  Will this be sufficient? 
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• Accelerated “concurrent ( C) ” vaccine development process (Warp Speed)
• Phase II/III Clinical Trials and manufacturing  are done in parallel  
• Firms may not participate: risky upfront mfring investment K, but vaccine may not be 

effective if its efficacy  e < τ.

• For 2 firms, A and B with different uncertain efficacy, but  e_A is stochastically 
higher than e_B.  What is the development strategy in equilibrium? 
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• Preliminary results (Limon, Tang, and Tanisever, 2021):  Depending on  K, it is possible 
to have the hare to adopt  S  and yet the tortoise adopts  C!  



Proposal 3: An incentive mechanism to support Warp Speed

• Concurrent strategy (C) involves risky 
upfront mfring investment K, but 
vaccine may not be effective if its 
efficacy  e < τ.

• For 2 firms, A and B with different 
uncertain efficacy, but  e_A is 
stochastically higher than e_B.  
What is the development strategy 
in equilibrium? 

• Preliminary results (Limon, Tang, 
and Tanisever, 2021):  Depending 
on  K, it is possible to have the 
hare to adopt  S  and yet the 
tortoise adopts  C!  



Proposal 3: An incentive mechanism to support Warp Speed

• Preliminary results (Limon, Tang, and Tanisever, 2021)
• Contingent advance purchasing contracts can “nudge” some pharma (hares with high 

approval chance) to  adopt the “accelerated“ process
• Extra subsidies are needed  to encourage other pharma (tortoises with less promising 

vaccines) to  adopt the “accelerated” process

• Implications: Incentives + subsidies are key!  

• A new idea: Should competing pharma share production
capacity for vaccine production “before” approval? (Dai & Tang, 2020)
• Sanofi produces for Pfizer + Merck produces for J&J as an “afterthought”
• Should firms establish “capacity sharing” agreements “before hand”? 

Incentives to entice firms to adopt the accelerated process 



Challenge # 4: efficient vaccine distribution mechanisms
• How to vaccinate as many as possible ASAP when:

• both Pfizer and Moderna vaccines require 2 doses with 3-4 weeks apart

• supply is limited (esp. in developing countries) 



Proposal 4: Hold Back, Release, or Stretch? (Mak, Dai, Tang, 2021) 

2. Release: Or maybe give all the doses 
to 20 million people, and use future 
supply to cover second doses?

1.  Hold back: Should you vaccinate 10 
million people and hold back 10 million 
second doses?

3. Stretch: Stretch the lead-time 
between two doses to 12 weeks?

Trade off 
between Release 
vs.  Hold back

3 weeks



Trade off between: Release and Stretch

At least 1 dose = 48.5%
Fully Vaccinated = 38.6%
May 20, 2021

At least 1 dose = 55.9.5%
Fully Vaccinated = 31.3%
May 19, 2021

12 weeks

Proposal 4: Hold Back, Release, or Stretch? (Mak, Dai, Tang, 2021) 



Trade off between 
Release vs. Single-
Dose Regimen
(JnJ)



Comparison: Hold Back, Release, or Stretch?  (Mak, Dai, Tang, 2021)

SEIR Model for one Risk Group with Pre-symptomatic/Asymptomatic/Symptomatic Infection
who received  k  dose of vaccine,  k = 0, 1, 2

S E

IA

IS

IP

Hospitalized Deceased

Recovered

Model Calibration
High Risk Group = 65+  (13% of population),  Low Risk Group = 65- (87% of population)
• # of contacts between groups (e.g., C(H,H) = 0.3, C(LL) = 0.84  
• Transmission probability after vaccination (43% reduction after Pfizer vaccine – alpha variant)
• Duration at each state – e.g., Expose state = 4.6 days
• Efficacy of Pfizer after one- and two-dose (58%,  95%), and JnJ one dose efficacy (66%)



Simulation Results (SEIR model + high risk group has top priority for vaccine) 

Hospitalized

Proposal 4: Hold Back, Release, or Stretch? (Mak, Dai, Tang, 2021) 



Conclusions: Four Healthcare Supply Chain Challenges
1. PPE Shortages

* Supply Ecosystem (Inventory, Capacity 
& Capability)

2. National stockpile allocation (with 
private information)
* Truth telling mechanism 

3. Warp Speed COVID Vaccine 
Development 
*  Concurrent development, contingent 
contracts, and subsidies

4. Efficient Vaccine distribution 
* Stretch the  timing of the second dose 




