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Abstract
The pandemic of 2020 appeared to present a stark choice: either harshly restrict travel,
socialization, and work in the manner of the quaranta giorni of the Middle Ages at enormous
economic cost; or relax such restrictions and accept a surge in the number of people infected and
the possibility of overwhelming the medical infrastructure.
This choice was commonly presented as a rigid “doomsday dichotomy:” either protect public
health by shutting down schools, businesses, and events; or let people sicken and die. A critical
basis for this dichotomy was the use of passive epidemiological models, built largely on the same
framework as the SIR model first introduced in 1927. These models often carried embedded
assumptions that enforced this dichotomy, such as the notion that health care system resources
were fixed, human behavior was largely determined by government policy, treatment options
would not improve over time, and government restrictions were costless and always beneficial to
public health. Within this structure, passive epidemiological models such as the classic SIR
model became the dominant mode of thinking about policy options in a pandemic.
In fact, government restrictions have both positive and negative consequences for public health.
Individual behavior is affected, but not dictated by, governments. Multiple policy options
existed. Uncertainty was profound, especially in the early months of the pandemic. As a result,
the “doomsday dichotomy” was false, and the usefulness of passive epidemiological models
must be questioned.
We identify at least two classes of sequential decision models that address the serious
deficiencies identified above. First, we recommend the “behavioral SIR” models that build upon
classic epidemiological models but directly incorporate human choice. Second, we propose a
novel social-economic-epidemiological choice model where: (1) people make decisions under
conditions of uncertainty, (2) policy options include pursuit of vaccination and local mitigation,
and (3) public health costs of restrictions are directly considered. We provide evidence that
decisions made using a sequential decision model can preserve public health better than those
that rely upon naïve, passive epidemiological models.
Keywords: Public Health, Decision models, Epidemiology, Recursive, SIR
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The Social-Economic-Epidemiological Choice:
Incorporating Human Response and Avoiding Policy Mistakes
By Patrick L. Anderson
I.

Introduction

The pandemic of 2020 often forced upon societies a stark choice: harshly restrict travel,
socialization, and work in the manner of the quaranta giorni of the Middle Ages; or relax such
restrictions and accept the likelihood of an increase in the number of people infected and the
possibility of overwhelming the medical infrastructure.
This choice was commonly presented as a rigid dichotomy: either protect public health by
shutting down schools, businesses, and events; or let people sicken and die. A critical basis for
this dichotomy was the use of passive epidemiological models, built largely on the same
framework as the SIR model first introduced in 1927 and described below. These models often
carried embedded assumptions that enforced this dichotomy, such as the notion that health care
system resources were fixed, human behavior was largely determined by government policy, out
treatment options would not improve over time, and government restrictions were costless and
always beneficial to public health.

See Exhibit 3. “Changing Forecasts Using Passive Models,” and Exhibit 4: “Exaggerated and
Ill-Defined Early Projections from Passive Models.”
All these embedded assumptions are false, for reasons we catalog below. Further, the “doomsday
dichotomy”—either aggressively intervene through government restrictions and suppression of
normal activity, or accept widespread loss of human life—was also false. We recommend here
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the use of models that are not burdened with the same erroneous assumptions, and that offer the
opportunity to significantly improve our ability to manage public health crises.
A. Motivation for Passive Models and the Doomsday Dichotomy
Before we cast aside the entire edifice of the passive epidemiological models, we should
consider why they were so widely accepted during the early months of the pandemic. There are
several reasons.
Going back to the origin of the classic 1927 “compartmentalized” epidemiological model, the
standard assumptions have been that humans interact in a consistent and predictable way; that
there is an identifiable and geographically concentrated susceptible population; and that
transmission of the disease follows a path largely determined by a simple interaction occurring
repeatedly within that population.1 This provides the analytical basis for a passive model, as
there is a natural path of the disease. The original “SIR” model, so named because it places a
population into three compartments of Susceptible; Infected, and Removed, has been a durable
example of such a model.
See Exhibit 5: “A Catalog of Standard Epidemiological Models; including “A Simple Graph of a
Simple Model”
These are very convenient assumptions for modeling. You have a fixed population that are
divided into specific “compartments.” Parts of the population move from one compartment to
another, following a mathematical equation with very few parameters. With these assumptions in

The original article outlining the SIR model was Kermack, William. O., and A. G. McKendrick, “A
contribution to the mathematical theory of epidemics.” Proceedings of the Royal Society A. August 1927;
vol. 115 no. 772. doi:10.1098/rspa.1927.0118. Since that time, numerous variations have arisen, including
those adding additional “compartments” (such as those exposed, but not yet infected; or those with
immunity from birth). The mathematics of these models is presented in Hethcote (2020).
1
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hand, you can use analytical mathematics, empirical statistics, or simulation models to generate a
smooth graph of the likely path of the epidemic.
The compartmentalized models allow no obvious public health policy other than reducing the
amount of interaction among people, especially those that are infectious. This, of course, is an
effective approach—as has been known since the Middle Ages.
In many past epidemics, treatment options were limited, and diseases ran their course within a
short—and often deadly—time. Thus, there was some historical precedence for ignoring policy
options such as aggressive pursuit of a vaccine.
The notion of fixed medical resources and unchanging technology is, while indefensible over any
reasonable time, about as tenable as many other fixed-resource and fixed-technology
assumptions commonly made in social science.
Finally, the presumption that government policy dictates human behavior has a long tradition in
social science. Economists who debated the merits of countercyclical fiscal policy and the effects
of “rational expectations” on policy effectiveness can bear witness to this.
B. The Influential Imperial College Model
Examples of the use of passive epidemiological models are widespread. We highlight two
entities that issued multiple projections, analyses, and models in 2020. Important for our
purposes, these two entities also created much of the standard manner of thinking about the
policy choices available during the pandemic, and their work was used as both support for, and
defense of, restrictive government policies.
The first example comes from the Imperial College of London. These models established early in
the epidemic the concept of a strict dichotomy in policy choices: one called “mitigation” and one
called “suppression.” Mitigation was described as “slowing but not necessarily stopping
epidemic spread—reducing peak healthcare demand while protecting those most at risk.”
Suppression required additional “intensive intervention” that may “need to be supplemented by

© 2020, Anderson Economic Group LLC.
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school and university closures,” which must be maintained for “potentially 18 months or more”
until a vaccine becomes available.2
The widely publicized conclusion from the March 2020 Imperial College study was that the
United States would experience 2.2 million deaths if it did not take drastic action. 3 The report,
which was lauded as the one that alarmed the White House coronavirus task force and spurred
action in the United States, concluded:
We therefore conclude that epidemic suppression is the only viable strategy at the current
time. The social and economic effects of the measures which are needed to achieve this
policy goal will be profound. Many countries have adopted such measures already, but
even those countries at an earlier stage of their epidemic (such as the UK) will need to do
so imminently.4

2

Neil Ferguson, Daniel Laydon, Gemma Nedjati Gilani, Natsuko Imai, Kylie Ainslie, Marc Baguelin,
Sangeeta Bhatia, Adhiratha Boonyasiri, Zulma Cucunuba Perez, Gina Cuomo-Dannenburg et al.,
“Imperial College COVID-19 Response Team: Impact of non-pharmaceutical interventions (NPIs) to
reduce COVID-19 mortality and healthcare demand,” Imperial College London (March 2020).
Hereafter, “Imperial College Report 9,” pp. 1-2. Retrieved from:
https://www.imperial.ac.uk/media/imperial-college/medicine/sph/ide/gida-fellowships/Imperial-CollegeCOVID19-NPI-modelling-16-03-2020.pdf
3

Neil Ferguson, et al., (March 2020) “Report 9: Impact of non-pharmaceutical interventions (NPIs) to
reduce COVID-19 mortality and healthcare demand,” Imperial College Covid-19 Response Team, 16
March 2020.
The conclusion, on page 5 of the report: “In total, in an unmitigated epidemic, we would predict
approximately 510,000 deaths in GB and 2.2 million in the US, not accounting for the potential negative
effects of health systems being overwhelmed on mortality.”
4

Imperial College Report 9 (March 2020), page 16.
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The doomsday scenario, and the dichotomy it presented, strongly influenced US government
policy. The New York Times reported it as follows:
Sweeping new federal recommendations announced on Monday for Americans to sharply
limit their activities appeared to draw on a dire scientific report warning that, without
action by the government and individuals to slow the spread of coronavirus and suppress
new cases, 2.2 million people in the United States could die.
To curb the epidemic, there would need to be drastic restrictions on work, school and
social gatherings for periods of time until a vaccine was available, which could take 18
months, according to the report, compiled by British researchers. They cautioned that
such steps carried enormous costs that could also affect people’s health, but concluded
they were “the only viable strategy at the current time.” 5
See Exhibit 3. “Changing Forecasts Using Passive Models,” which includes the “Imperial”
model, and Exhibit 4: “Exaggerated and Ill-Defined Early Projections from Passive Models,”
which includes an example of news coverage.

5

Sheri Fink, “White House Takes New Line After Dire Report on Death Toll,” New York Times, 16
March 2020; retrieved from: https://www.nytimes.com/2020/03/16/us/coronavirus-fatality-rate-whitehouse.html.
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C. The Different Results
Fortunately, 2.2 million people did not die from Covid-19. Using the US CDC’s definition,
which covers deaths “involving Covid-19,” approximately 298,274 deaths were recorded in
2020.6 These are all losses. Few families—including that of this author—were unscathed by the
deadly epidemic.
However, the 2.2 million deaths figure was used as a benchmark for claims by American
politicians of both parties that their policies had “saved lives.” 7 Furthermore, the dichotomy

6

CDC data based on NICHS reporting, as of week ending 12/26,2020; retrieved from
https://www.cdc.gov/nchs/nvss/vsrr/covid19/index.htm. Note definitions used by CDC and NCIHS allow
for deaths arising from multiple causes (co-morbidities) to be classified as those “involving” Covid-19.
Other sources provide different numbers. The Covid19 tracking project, as of January 1, 2020, reported
339,361 “confirmed and probable” deaths in the United States. Data retrieved from:
https://covidtracking.com/data/national .
7

In a telling example, both Republican President Donald Trump, and Democrat Michigan Governor
Gretchen Whitmer, claimed that the lower number of actual deaths meant their policies were working
and, in the case of Michigan, saved “perhaps tens of thousands of lives.”
In the case of President Trump, his medical advisor walked back the claim shortly thereafter. In the case
of Governor Whitmer, her administration issued a press release re-iterating the “saved lives” claim,
basing it on a “new report by the Imperial College COVID-19 Response Team.” However, as noted in the
criticism voiced by this author at the time, the policies of Governor Whitmer were not mentioned in the
report. Moreover, there is little appreciable difference in the “change in mobility” data among the 6 Great
Lakes states shown in the same graph on page 6 of the report; numerous states adopted emergency
decrees at approximately the same time as Michigan; Michigan is not one of the states on which the report
focuses in section 2.3; and the Conclusions section of the report does not mention Michigan.
See “New Analysis Shows Governor Whitmer's Aggressive Action Against COVID-19 Saved Lives,
Significantly Lowered Cases, Deaths, “ press release, office of Governor Gretchen Whitmer (Michigan),
June 10, 2020; retrieved from https://www.michigan.gov/whitmer/0,9309,7-387-90499_90640-531728-,00.html; Patrick Anderson, “Opinion: Focus on saving lives, not saving face,” Detroit News, June 17,
2020; Imperial College report 23 of 28 May 2020, retrieved from:
https://www.imperial.ac.uk/media/imperial-college/medicine/mrc-gida/2020-05-28-COVID19-Report-23version2.pdf.

© 2020, Anderson Economic Group LLC.
Prepared for review and discussion at ASSA conference,
January 2021, and subject to revision after that date.

Page 9

ANDERSON: SOCIAL-ECONOMIC-EPIDEMIOLOGICAL CHOICE

10

presented in the Imperial College report—either take weak “mitigation” measures or be prepared
to endure overwhelmed health care systems and deaths in the millions—proved to be a powerful
principle for state and federal government policies. The fact that the model was widely
criticized—and arguably debunked—within 60 days of its publication does not change this fact. 8
D. Example of Influential Passive Models: IHME Models
The second influential set of models and related projections were published by the Institute for
Health Metrics and Evaluation (IHME) at the University of Washington. Projections from this
model were presented in graphical form in nationally televised news programs featuring the
President of the United States and government health leaders. It was IHME that produced the
‘big blue wave” visuals that dominated news coverage of the pandemic in the Spring of 2020. 9
Like the Imperial College model, the IHME models were based on the passive structure of the
classic SIR model. Like the Imperial College model, small changes in the few parameters caused

8

Numerous articles cover the controversy over this study. Among those published within approximately
60 days of the release of the Imperial College March 16 scenario are the following:
Christopher Avery, William Bossert, Adam Clark, Glenn Ellison, and Sara Fisher Ellison, “Policy
Implications of Models of the Spread of Coronavirus: Perspectives and Opportunities for Economists,”
NBER Working Paper No. 27007, April 2020, retrieved from:
https://www.nber.org/system/files/working_papers/w27007/w27007.pdf ; James Curl, “Experts Finally
Declare Imperial College Coronavirus Model That Predicted 2.2M Dead In U.S. ‘Totally Unreliable’
Daily Wire, May 17, 2020; found at: https://www.dailywire.com/news/experts-finally-declare-imperialcollege-coronavirus-model-that-predicted-2-2m-dead-in-u-s-totally-unreliable; John Fund, “‘Professor
Lockdown’ Modeler Resigns in Disgrace,” National Review, May 2020; retrieved from:
https://www.nationalreview.com/corner/professor-lockdown-modeler-resigns-in-disgrace; Philip
Magneso, “How Wrong Were the Models and Why?” American Institute for Economic Research, April 3,
2020; retrieved from: https://www.aier.org/article/how-wrong-were-the-models-and-why .
9

One White House briefing showed the blue-wave graphic with a title “IHME Model Chris Murray.”
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big changes in the projection. And, like the Imperial College model, the initial projections for a
“big blue wave” that could swamp hospital capacity proved more severe than reality. 10
As the US experienced a second, and then a third wave of infections later in the year, IHME
revised repeatedly their model and adjusted their predictions. At the same time, the common
reporting of cases (from “confirmed” to “suspected”) and the assignment of deaths (to those
“involving” covid-19) also changed in the United States. 11
However, the early IHME models projections should not be unfairly criticized. First, they were
early, meaning they systematically approached the problem when data were largely unavailable
and when experience was limited. Second, they have systematically improved their analysis over
time. Third, again to their credit, they have amply documented their models, including the
reasons for revisions, and made those documents public. Of course, this is what should be

10

The March 26, 2020 IHME forecast was entitled “New COVID-19 forecasts: US hospitals could be
overwhelmed in the second week of April by demand for ICU beds, and US deaths could total 81,000 by
July.”
In fact, US hospitals were not overwhelmed. However, CDC data for deaths “involving Covid-19” in the
United States cumulated to over 120,000 by July 2020.
Note the caution regarding “first wave” predictions, and the changes in definitions over time.
11

Some of the many changes in definitions and anomalies in state reporting are noted in the ongoing New
York Times compilation of case and death data, found at:
https://www.nytimes.com/interactive/2020/us/coronavirus-us-cases.html, under the section entitled “about
the data.” They and other data aggregating entities cite the CDC’s statements on April 5 and August 5,
“2020 Interim Case Definition,” as the authority for classifying “probable” cases and deaths that involve
covid-19 as “an underlying cause of death or a significant condition contributing to death.” The August 5
classification is found at: https://wwwn.cdc.gov/nndss/conditions/coronavirus-disease-2019-covid19/case-definition/2020/08/05/.
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expected from all health institutions. Unfortunately, in the current epidemic this level of
transparency in models used for policymaking can be the exception rather than the rule. 12
See Exhibit 3. “Changing Forecasts Using Passive Models,” which includes the “IHME” model,
and Exhibit 4: “Exaggerated and Ill-Defined Early Projections from Passive Models,” which
includes an example of news coverage.
II. Passive Epidemiological Models—and Naïve Policy Choices
A. Serious Deficiencies in Standard Models
Incorrect assumptions in passive models could be defensible, if they were simplifying
assumptions with little cost, or reasonable approximations to reality. However, as demonstrated
in 2020, there are serious costs to these errors, and significant deviations between model results
and reality. In particular:
1. The path of this epidemic did not follow the one-peak structure embedded in the
standard passive models. This deficiency was known by June of 2020.
The standard SIR models and their variants are structured to produce a peak in cases
as transmission grows, and then a drop as the number of susceptibles falls. This is
also the case for growth-function models that produce similar paths. By June of 2020,
it was apparent that parts of the US and other countries were already seeing second-

12

As is noted under the policy controversy discussion, the term “science and data” has been used to
justify government shutdown orders in states such as Michigan, even when the alleged “science” and
“data” are not made public or are asserted to be unnecessary.
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wave infections.13
See Exhibit 1: “Path of Coronavirus Epidemic in Multiple Countries,” and
Exhibit 2: “Path of Epidemic in US, Three Peaks in 2020.”
2. The passive models demonstrated large variation and poor results.
All models, and all predictions from such models, are incomplete and imperfect. Even
with this in mind, the track record of the passive models in the early months of the
pandemic was quite poor.
See Exhibit 3. “Changing Forecasts Using Passive Model.”
3. The most accurate of the models in use in mid-2020, the computational SIR models,
made use of changing parameters that reflected changing human behavior.
This alone provides some empirical support for a key conclusion of this article:
society should rely upon models that incorporate changing human behavior. It is also
worth noting that even the computational SIR models were not able to reliably project
out-of-sample future paths of epidemics in different countries and states.
See Exhibit 6: “Examples of Computational SIR Models in First Wave of Epidemic.”
4. Government restrictions have both positive and negative consequences to public
health and welfare. Passive models consider only the benefits.14
Pandemic restrictions encouraged and reinforced separation and sanitization measures
that people undertook by their own choice. They also caused isolation and depression

13

One of many publicly-available analyses with this conclusion at the time was Patrick L. Anderson,
“The Costs and Consequences of the Coronavirus Pandemic: Three Lessons,” presentation to the Western
Economics Association conference, NAFE sessions, June 24, 2020.
14

Classic epidemiological models (such as the SIR model and its many variants); the Imperial College
models described above, and the IHME models largely ignore costs. That is not to say that authors using
such models fail to recognize such costs, but the models themselves do not natively incorporate losses
from public health maladies caused by restrictions, nor do they take into account trade-offs that must
occur when limited resources are applied to large public health problems.
© 2020, Anderson Economic Group LLC.
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to many, and were blunt instruments that caused business closures, layoffs, high
unemployment, and loss of socialization. Pandemic restrictions were accompanied by
an increase in multiple public health maladies,
The widespread existence of “excess deaths” during 2020 indicate that factors other
than Covid-19 factors negatively affected public health.15 The huge loss in
employment and income also have undeniable damaging effects on the welfare of
society, including public health.
See Exhibit 7: “The Huge Cost of Stay-at-Home Orders and Other Government
Interventions”
5. Government restrictions have both positive and negative effects on the health care
infrastructure. Passive models ignore the negative effects.
During many periods in 2020, there were widespread layoffs and closures at health
care facilities. Furthermore, restrictions and worries caused many delayed and
foregone medical procedures, examinations, and therapies.
6. Government edicts, restrictions, warnings, regulations, and other actions have
powerful, but limited effect on human behavior. Passive models often presume
government dictates behavior.
Even in the simplest epidemiological models, it is human interaction that transmits
infections. Government regulations can, and in 2020 did, shut schools, shutter
factories, and stop travel. However, governments cannot control human interaction.
Clearly, the desire to protect the health of workers, family members, and customers
caused people and businesses to adopt numerous changes in their behavior, plans, and

15

An analysis by the New York Times as of November indicated that there were “412,000 Missing
Deaths” in 35 countries, including 91,700 in the United States. This number is the estimated number of
deaths in excess of an estimated average for the country, above those classified as involving Covid-19.
See Jim Wu, et al., 412,000 Missing Deaths: Tracking the True Toll of the Coronavirus Outbreak”, New
York Times, Nov. 27, 2020; retrieved from:
https://www.nytimes.com/interactive/2020/04/21/world/coronavirus-missing-deaths.html.
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operations. This included “social distancing,” sanitizing, work-from-home
arrangements, cancellations of events, mask-wearing, and many other steps.
Government pronouncements and restrictions reinforced these—and in some cases
caused them. However, in this field as in every other one, it is human choices—not
government edicts—that finally determine human behavior.
7. Controversy and resistance will occur when government actions negatively affect
large numbers of people.
Over-reliance on passive models, and on government orders, inflames this tension and
undermines voluntary actions that improve public health.
We should expect people to react negatively to government restrictions on their ability
to work, travel, visit others, gather in assembly, and worship. To ignore such obvious,
rational, and historically common reactions—as was often the case in both passive
epidemiological models and the related public policy debate—is irresponsible.
8. We learned plenty about treating, detecting, and preventing transmission during the
pandemic of 2020. Passive models routinely assumed no change in treatment
effectiveness.
Early actions by public health authorities, governments, and others were plagued by
lack of information, dis-information, and what might be identified in retrospect as
either panic or denial. However—as has been the case throughout human history—
information, knowledge, and ability increased tremendously between the first
identification of the disease as a public health threat to the United States in January
2020 and the following six months. This included treatment options; diagnostic tests;
knowledge of which age and health cohorts were most at risk; and the effectiveness of
sanitizing, social distancing, and mask wearing protocols.
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B. Other Penalties of Reliance on Passive Models
There were other problems that arose from our approach to the pandemic. These cannot be fully
attributable to errors in policy related to the pandemic but are clearly related to it. These include:
1. Overreliance on the fraction of society that had “essential” jobs.
This includes nearly every one that kept offices open, buses running, packages
delivered, food packaged, hospitals running, as well as the maintained police and fire
services during the long months of shutdowns, restrictions, and sheltering in place.
2. Dramatically different economic effects on different socio-economic cohorts.
Workers in restaurants, travel, hospitality, retail, entertainment, and similar industries
endured serious, and often devastating job losses and closures. Government workers,
professional service workers, technology workers, and other sectors dominated by
well-educated people suffered far less.
Worsening inequality in the United States.
Lower-wealth workers were much more likely to have to take public transit and work during the
restricted period, while upper-middle-class workers often had work-at-home arrangements.

© 2020, Anderson Economic Group LLC.
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III. Sequential Decision Models as a Powerful Alternative
A. Rationale for Improvement
Behavioral and sequential decision models, when applied to public health choices during a
pandemic, offer the potential for immediate improvements over passive models. These
improvements include:
1. They natively incorporate the fact that people make decisions about their behavior,
not governments. Government policy choices can be modeled as affecting, but not
dictating, behavior.
2. They can incorporate the fact that decisions are made under conditions of uncertainty.
3. They can incorporate both costs and benefits.
4. They can incorporate the essential dynamic that restrictions reduce contagion, but
also reduce resources available for health care, eliminate many beneficial services
used by vulnerable populations, and increase isolation and depression.
We outline two such models below: a behavioral SIR model proposed by several economists
earlier in 2020, and a recursive social-economic-epidemiological decision model. In the latter,
representatives of society face decisions each period, and absorb both the costs and the benefits
in successive periods.
B. Behavioral SIR Models
Natively incorporating human behavior is an obvious improvement over the standard passive
epidemiological models. Human beings, one could observe with considerable understatement,
are highly interested in their own comfort and survival. Thus, we should expect them to take
action to avoid unnecessary risk. At the same time, we should expect them to not take actions
they perceive to be costly while providing no benefits.
© 2020, Anderson Economic Group LLC.
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Several economists have proposed Behavioral SIR (or “B-SIR”) models, which keep much of the
underlying mathematics of the classic SIR model but incorporate human behavior. These
include:
1. Lones Smith of the University of Wisconsin, and colleagues in Singapore and the
United States.16
2. John Cochrane of the Hoover Institution.17
3. Daron Acemoglu and colleagues at MIT.18
4. Alberto Bisin and Andrea Moro at NYU and Vanderbilt. 19
All these models incorporate the insight that human behavior will affect transmission, and that
humans can and will act based on their own interests. The most ambitious of these is the multigroup SIR or “MG-SIR” model of Acemoglu and others, which has an online version that allows
for simulation of results.20 Their model involves segregating groups by risk category and
focusing policy options on specific cohorts.
Focusing resources on the most vulnerable populations while subjecting the remaining
population to much milder treatment has been an obvious policy option for the Covid-19

16

“Keppo, Quercioli, Kudlyak, Wilson, and Smith, “The Behavioral SIR Model,” (apparently 2020);
retrieved from: https://www.lonessmith.com/wp-content/uploads/2020/04/pandemic-slides.pdf.
17

Cochrane, John, “An SIR model with behavior,” May 4, 2020; retrieved from:
https://johnhcochrane.blogspot.com/2020/05/an-sir-model-with-behavior.html
18

Acemoglu, Chernozhukov, Werning, and Winston, “Optimal Targeted Lockdowns in a Multi-Group
SIR Model,” MIT working paper, May 2020; found at: https://economics.mit.edu/files/19698.
19

lberto Bisin and Andrea Moro, “Spatial-SIR with Network Structure and Behavior: Lockdown Policies
and the Lucas Critique,” August 2020; working paper found at:
https://andreamoro.net/perm/papers/LockdownLC.pdf.
20

The article lists the following URL for the simulator: https://mr-sir.herokuapp.com .
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epidemic. Even early evidence showed that elderly people were much more susceptible to death
than school children or young adults, and by the middle of 2020 the evidence for this was
overwhelming. However obvious a focus on the vulnerable is as a strategy, it is important to note
it was the central principle in the “mitigation” strategy that was explicitly rejected in favor of
“suppression” in the original Imperial College report. Thus, the approach taken by these models
should be compared directly with the those of the passive models, as should the
recommendations that emerge from them.
The Sequential Decision Problem Approach
The Acemoglu article makes explicit the difference between the classic passive epidemiolocal
models and the active decisions inherent in the sequential decision models we recommend as an
improvement:
We focus on identifying the benefits that arise from optimal targeted policies that restrict
various groups differently. To do so, we solve an optimal control problem and examine
how targeting improves the tradeoff between lives lost and economic losses. We find that
the benefits of targeting are significant. We believe the model and analysis we develop
could improve preparations for future pandemics. 21

21

Acemoglu, et al. (2020), page 1.
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Structuring the decision problem as an optimal control problem is a powerful change from the
passive traditional epidemiological models. It is novel in epidemiology. 22 We use this approach
with the SEE model presented below.
Within the Acemoglu et al. model, the results are strikingly different from those arising from the
passive models. In particular:
1. There are multiple options, including targeting specific cohorts, attempting to reduce
mixing between groups, group distancing, testing, and contact tracing.
2. There is much uncertainty about the parameters and the path of an epidemic.
3. Targeted policies—represented as “mitigation” in the “doomsday dichotomy”
structure—improve both public health and social welfare when compared to
“suppression” policies that require lockdowns.
C. A Social-Economic-Epidemiological Decision Model
The Social-Economic-Epidemiological decision model (SEE) we propose here composes and
solves the optimal control problem inherent in an epidemic. This focus on solving an optimal
control problem is the critical difference between the active, behavior-focused, sequential
decision problem approach and the classic passive models of the past. Control theory was
introduced into economics in the late 20th century by the mathematician Richard Bellman, and by
later economists including Robert Lucas Jr., Nancy Stokey, Lars Lundqvist and Thomas

22

Withing epidemiology, a preprint by Singh, et al. (2020) uses this approach to improve testing
protocols.
Lemoine, et al (2014) use this approach for social decision making related to climate change.
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Sargent.23 It has recently been applied in business valuation, business location decisions, and
business hiring decisions.24 The pandemic of 2020 has pushed these techniques into the public
health world.
The SEE model is constructed as a sequential decision problem. Such “SDPs” involve the
following six elements: a time index; a net discount rate; a set of states; a set of actions; a set of
rewards that cover each possible combination of current situation and decision; and a set of
transition probabilities. 25
The members of society receive information over time and make decisions in each time period.
They consider current costs and current benefits given their choices, and consider their expected
future situation given those choices. They choose the option that maximizes the value they place
on their position within the decision problem, which includes both the current situation (with all
the costs and benefits of their current choices), and their likely future situation.

23

Seminal works here include Bellman’s Dynamic Programming, Dover, 1957; Stokey & Lucas,
Recursive Methods in Dynamic Economics, Harvard, 1989; and Ljundqvist and Sargent, Recursive
Macroeconomic Theory, MIT, 2000.
24

See Patrick Anderson, Economics of Business Valuation, Stanford Press 2012; Anderson, “Business
Location Decisions,” Business Economics, 2019.
25

Sequential decision problems are outlined in the references for the use of control theory in economics,
above. With some technical differences, such problems are also called Markov Decision Problems,
Optimal Control problems, and Stochastic Control problems.
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Three State Dimensions
There are three dimensions of the state—meaning the factors that the decision makers consider—
in this decision problem:
1. The general economic welfare of society, including both income and employment.
The available policy choices, which include blanket and local option restrictions in the initial
time periods, and if resources are devoted to producing a vaccine, eventually a vaccine or similar
broad-immunity policy option.
The intensity of the epidemic relative to a baseline such as a seasonal flu outbreak.
The model mirrors the real world, where members of society value both their health and their
economic welfare. Also matching the real world, the subject of the decision problem has a
realistic menu of policies, all of which have both costs and benefits.
Three Policy Choices
In the SEE model, there are three policy choices available in each period:
1. Run (Mitigate): Use standard public health practices within current laws, including
selective quarantines, international travel restrictions, and measures adopted by private
organizations and families themselves. Focus on high-risk populations, and attempt to
maintain as much activity, investment, and employment as possible. In an
epidemiological model, this is a "mitigation" strategy that includes adjusting work
arrangements, encouraging sanitizing and social distance practices, and relying upon
local- and industry-specific restrictions largely adopted by employers, workers, and local
governments. This is the lowest cost policy option.
2. Invest (Mitigate and Vaccinate): Undertake all the actions of the "Run" or "Mitigate"
policy, plus costly additional capital investments, hiring, and R&D. In an epidemiological
model, this includes making costly investments in the development of vaccines or
therapies. This policy costs more than the "Run" policy.
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3. Tax (Suppress): Impose and enforce significant additional restrictions, taxes or costs on
employers and consumers, discouraging activity, output, and consumption. In an
epidemiological model, this is a "suppress" strategy and includes wide-scale government
restrictions, lockdowns, and other mandates. These actions are in addition to those under
a "Run" or "Mitigate" policy, and costly.
Unlike passive models, there is no costless intervention, nor perfect information. In our
parameterization of the model, we make realistic assumptions about the scope, reach, and
compliance burdens of government restrictions; the likelihood, timetable, and cost of developing
a vaccine; and (if one is developed) the time needed to inoculate a sufficient share of the
population.
A further description of the model is presented in Appendix I. The parameterization used for this
article is not precise, and the model should be considered illustrative of the underlying choices
and dynamics facing society. However, even a preliminary, roughly parameterized model
provides insights that cannot be obtained from passive models.
Preliminary Results
The results from preliminary simulation of this model show that:
1. Using low-cost mitigation tactics is a useful and rational tactic, especially during
times and in places where the intensity of the epidemic is low.
2. High-cost intervention tactics can be useful and rational, but only during short periods
when few other options exist.
3. Investing in the development of a vaccine makes sense, even if it involves significant
costs to society. Once developed, using the vaccine makes sense, again even at a cost.
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4. Members of society can make good decisions with partial information, including
those that involve risky investments (such as investment in a vaccine that may not
arrive for some time).
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IV. Conclusions
A comparison between standard, passive epidemiological models and the handful of behavioral
models provides ample evidence that a new perspective is needed to guide public health policy in
an epidemic. In particular:
1. The classic SIR models, and their numerous variations and extensions, fundamentally rely
upon assumptions clearly incorrect. These assumptions were tenable in the past when
epidemics arose quickly in urban areas and where treatment options were limited. They are
clearly untenable today.
2. Reliance on these models, early in the pandemic of 2020, resulted in serious errors. These
include gross exaggerations and huge variations in short-term forecasts; failure to consider
valid policy options; and failure to anticipate the full human cost of intervention policies.
3. At least two sets of models now provide a tractable alternative to the passive models,
including:
o Behavioral SIR models and the MG-SIR model; and
o The SEE model presented here.
The SEE model is explicitly structured as a sequential decision model, while the MG-SIR
and the B-SIR models adapt classic epidemiological models to incorporate human behavior
and policy adjustment over time.
4. Rational human beings can and do make prudent decisions, including sacrificing comfort and
income in many instances in favor of their health. The existence and tractability of these
models demonstrates that incorporating such normal human behavior into public health
models is possible and beneficial.
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5. Preliminary results from both the MG-SIR and the SEE models are different from what
emerged from the passive models early in the pandemic. These results include:


A “mitigate” strategy that focuses on protecting high-risk groups, and encouraging
sanitization and social distancing, can protect public health at much lower cost than
“suppress” strategies that rely upon government intervention and mandates.



Models incorporating human behavior explicitly contradict the rigid “doomsday
dichotomy” presented in the early Imperial College and similar models. In the
doomsday dichotomy, society faces two choices: pursue non-onerous mitigation
strategies that are doomed to fail, impose severely disruptive and expensive
government restrictions that suppress normal family life, education, and commerce.



The behavioral models demonstrate that other policy options—including targeted
intervention with high-risk groups, selective restrictions in certain areas or in certain
times, and investment in a vaccine even if it uses scarce resources—are available.
They also demonstrate they can be beneficial for public health and welfare.



Lockdown and other “suppress” policies can make sense in the short term, in
emergency situations, where few other options are available.



A “Mitigate and Vaccinate” strategy can be more effective at protecting public health
than a “suppress” or “mitigate” strategy, even when time and uncertainty regarding
the development of a vaccine are considered.

6. Although outside of the model results, the evidence from 2020 also suggests:


A “suppression” strategy can reduce the resources and undermine the policy case for
investing in a vaccine, as well as undermine the local, personal, community, and
family motivation for voluntary mitigation efforts.



It is not reasonable to expect all decisions made early in the epidemic to meet the
scrutiny that can be accorded those armed with much more information nearly a year
later. However, the obvious problems with passive models, as well as their poor track
record and huge variations, strongly indicate that state and federal public health
authorities should not have relied so heavily on the passive epidemiological models
during much of the pandemic.
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Appendix I: The SEE Model, Ver 1.1

Three-Dimensional Social Decision Model, Incorporating Uncertainty
and Heterogenous Beliefs
This routine composes and solves the decision problem of a society facing risks to the health of the
population arising from an epidemic. Primary goals of this approach include using realistic
assumptions regarding the controversy and uncertainty regarding policy effectiveness; recognizing
the sequential nature of decisions; considering the primary role of individual behavior; and
incorporating policy choices and costs that exist but are often ignored in standard, passive
epidemiological models.
Realistic Assumptions Regarding Society We presume that all members of society value their
health, and the health of others. Furthermore, we presume they have reliable information on the
direction of the effects of different policies. Those effects include reductions on their current income,
increases in social isolation and related maladies, reductions on transmission at the current time,
and eventual production of an effective vaccine. However, they have heterogenous beliefs about the
magnitude of the reductions, and the relative effectiveness of different policies.
Social Welfare Includes Public Health and Economic Welfare. We use a social welfare indicator
based on the number of people with satisfactory health and economic welfare. In this formulation,
job losses, health losses, and restrictions on gathering and working all have negative effects.
Restoring lost jobs, and reducing illnesses, have positive effects.
Sequential Decisions Given Three Dimensions of Information Members of society observe the
state of the world each time period. These observations include three dimensions of information:
1. (S1) their general economic welfare, including both income and employment.
2. (S2) the available policy choices, which include blanket and local option restrictions
in the initial time periods, and if resources are devoted to producing a vaccine,
eventually a vaccine or similar broad-immunity policy option.
3. (S3) the status of the epidemic, given as an index relative to a baseline.
Each period they make a decision from a set of possible actions or policies. These decisions are
based on reliable--but imperfect--knowledge, including knowledge of uncertainty and risk.
Decision Makers The focus of the decision problem is the elected leaders of a society, who we
presume are primarily--though not exclusively--concerned with the welfare of their citizens. We
expect these elected leaders to be imperfect representatives of their constituencies. We presume
that society includes employers and employees, along with schoolchildren, workers and retirees.
Discrete Timing As a natural consequence of imperfection of policy making, as well as the
controversy and uncertainty in society, the model is set in discrete time periods that represent the

© 2020, Anderson Economic Group LLC.
Prepared for review and discussion at ASSA conference,
January 2021, and subject to revision after that date.

Page 27

ANDERSON: SOCIAL-ECONOMIC-EPIDEMIOLOGICAL CHOICE

28

natural cycles for both the economy and political decision making in a society. Potential time periods
for this could be a week or month for a current epidemic. In other settings, calendar quarters or
years could be used.
Recognition of Controversy We recognize, and natively incorporate in the model, the controversy
among citizens about the following:



The relative importance of preventing spread of the illness, compared to their jobs,
other health and welfare considerations, and other priorities.
The effectiveness of available policies.



The policies that they wish their society to pursue.

Role of Uncertainty We assume there is uncertainty about the effects of policy on the economy and
on public health. These uncertainties arise in both the one-period-ahead effects of policies, and in
the evolution over time of both the economy and welfare. Because of this, we do not represent
uncertainty using tight, symmetrical, one-time-period statistical distributions.
Essential Logic and Rational Tradeoffs This structure preserves three essential elements of
economic logic:
1. First, there is no "free lunch" available for costless, riskless improvements in
welfare.
2. Second, people do not needlessly allow their health or economic welfare to
deteriorate.
3. Third, people make decisions using imperfect information.
With this logic intact and the sequential decision model structure, we can explore the policies that
would both benefit society in crisis situations such as a pandemic.

State Space, Policy Space, and Transitions
State Space The state dimensions, and the units for each, are:
1. (S1) their general economic welfare, including both income and employment.
Consistent with other realistic assumptions, ceasing work completely (leading to no
food and medical facilities) is not an available state, and allowing rampant illness
imposes real economic costs as well as damage to public health.
2. (S2) the available policy choices, which represent actual options available to
society, including: normal public health actions; emergency restrictions applied
either on a local or statewide basis; and if resources are devoted to producing a
vaccine, eventually a vaccine or similar broad-immunity policy option. All policy
choices impose costs.
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3. (S3) the intensity of the epidemic, relative to a baseline. There is no zero-risk or
zero-illness state available.
Units The units are:
1. S1: Income, as an index with "100" meaning the normal economic welfare, and
higher index figures meaning higher economic welfare.
2. S2: Available policy choices. 1.0 means warnings only; 3.0 means warnings, state
and local restrictions; 5.0 means vaccines as well as restrictions are available.
3. S3:Intensity of the epidemic, expressed as an index. The index is set to a baseline
of 100, representing the intensity of a serious seasonal flu outbreak.
Note that these units allow for varying interpretations of "economic welfare" and "intensity of
epidemic."
Action Space In each time period the elected leaders can take one or more policy actions:
1. Run (Mitigate): Use standard public health practices within current laws, including
selective quarantines, international travel restrictions, and measures adopted by
private organizations and families themselves. Focus on high-risk populations, and
attempt to maintain as much activity, investment, and employment as possible. In
an epidemiological model, this is a "mitigation" strategy that includes adjusting work
arrangements, encouraging sanitizing and social distance practices, and relying
upon local- and industry-specific restrictions largely adopted by employers, workers,
and local governments. This is the lowest cost policy option.
2. Invest (Mitigate and Vaccinate): Undertake all the actions of the "Run" or
"Mitigate" policy, plus costly additional capital investments, hiring, and R&D. In an
epidemiological model, this includes making costly investments in the development
of vaccines or therapies. This policy costs more than the "Run" policy.
3. Tax (Suppress): Impose and enforce significant additional restrictions, taxes or
costs on employers and consumers, discouraging activity, output, and consumption.
In an epidemiological model, this is a "suppress" strategy and includes wide-scale
government restrictions, lockdowns, and other mandates. These actions are in
addition to those under a "Run" or "Mitigate" policy, and costly.
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Abstract
The Social-Economic-Epidemiological Choice:
Incorporating Human Response and Avoiding Policy Mistakes
by Patrick L. Anderson, Anderson Economic Group LLC

The pandemic of 2020 appeared to present a stark choice: either harshly restrict travel, socialization, and work
in the manner of the quaranta giorni of the Middle Ages at enormous economic cost; or relax such restrictions
and accept a surge in the number of people infected and the possibility of overwhelming the medical
infrastructure.
This choice was commonly presented as a rigid “doomsday dichotomy:” either protect public health by
shutting down schools, businesses, and events; or let people sicken and die. A critical basis for this dichotomy
was the use of passive epidemiological models, built largely on the same framework as the SIR model first
introduced in 1927. These models often carried embedded assumptions that enforced this dichotomy, such as
the notion that health care system resources were fixed, human behavior was largely determined by
government policy, treatment options would not improve over time, and government restrictions were
costless and always beneficial to public health. Within this structure, passive epidemiological models such as
the classic SIR model became the dominant mode of thinking about policy options in a pandemic.
In fact, government restrictions have both positive and negative consequences for public health. Individual
behavior is affected, but not dictated by, governments. Multiple policy options existed. Uncertainty was
profound, especially in the early months of the pandemic. As a result, the “doomsday dichotomy” was false,
and the usefulness of passive epidemiological models must be questioned.
We identify at least two classes of sequential decision models that address the serious deficiencies identified
above. First, we recommend the “behavioral SIR” models that build upon classic epidemiological models but
directly incorporate human choice. Second, we propose a novel social-economic-epidemiological choice model
where: (1) people make decisions under conditions of uncertainty, (2) policy options include pursuit of
vaccination and local mitigation, and (3) public health costs of restrictions are directly considered. We provide
evidence that decisions made using a sequential decision model can preserve public health better than those
that rely upon naïve, passive epidemiological models.
Keywords: Public Health, Decision models, Epidemiology, Recursive, SDP, SIR
.
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Exhibit 1: Path of Coronavirus Epidemic in Multiple Countries
Coronavirus cases per million residents, March-December 2020.
Countries shown include US (red line), Spain, France, Britain, Italy, Germany, Canada.

The path of the epidemic in multiple countries in 2020 followed a two- or three-peak pattern. These data show the
number of cases per million residents. There are significant differences in population density, health care systems, age
distributions, and other important factors across these countries. There are also reporting and testing differences.
Author’s note: You can readily observe that the time index and line labels are missing in this reproduction of the chart.
We decided to include it in this exhibit book because the lack of these details highlights the comparative shapes of the
path. The original chart is linked below and is updated regularly. Other exhibits show the detail for the United States and
a link to the source data.

New York Times analysis, December 31, 2020. Sources: State and local health agencies and hospitals; Center for Systems
Science and Engineering at Johns Hopkins University; National Health Commission of the People's Republic of China;
World Health Organization.·Totals through Dec. 28. Retrieved from: https://www.nytimes.com/2020/12/31/opinion/2020covid-trump-charts.html
See text of article for short discussion of classification of “cases.” Most US reporting since mid-2020 has been
“probable,” not “confirmed” cases. Original chart indicates these data are “confirmed” cases.
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Exhibit 2: Path of Epidemic in US, Three Peaks in 2020
The epidemic in the United States did not follow the single-peak path of an epidemic that has been modeled by passive
models in past epidemics. Such a path is a structural result from an SIR model.

Source: New York Times analysis, Dec 30, 2020; data and methodology summarized at:
https://www.nytimes.com/article/coronavirus-county-data-us.html.
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Exhibit 3. Changing Forecasts Using Passive Models
The early months of 2020 featured a deluge of computer-generated graphics from ill-defined (or undefined) computer
models. Some visualizations suggested the number of cases would be double, triple, or even a larger multiple of what
the actually occurred during the succeeding months. These examples are drawn only from the best-documented of
these models, and demonstrate the huge variation in projections during a time period of approximately one month.

New York Times, May 12, 2020. This comparison is limited to only certain models, where researchers provided sufficient data. Interactive charts from New
York Times website: nytimes.com/interactive/2020/04/22/upshot/coronavirus-models.html
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Exhibit 4: Exaggerated and Ill-Defined Early Projections from Passive Models

CBS News, Jim Axelrod, March 2, 2020. https://www.cbsnews.com/news/coronavirus-infection-outbreak-worldwide-virus-expertwarning-today-2020-03-02/

IHME model at White House briefing, March 31, 2020

Illustration on Michigan Medicine site, attributed to “data from what happened in some American cities in 1918-1919”; April 22,
2020.
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Exhibit 5: A Catalog of Standard Epidemiological Models
A Catalog of Standard, Passive Epidemiological Models
Standard models of an epidemic include the following:
1. SIR models and variations (MSEIR, SEIR, and others)
The SIR models involve differential equations describing how people move between different “compartments.”
Parameters for these equations can be generated by assumptions; estimated from empirical data; or be based on
conjecture. The SIR model was originally published in 1927.1
2. Growth-function models
Growth function models are based on an underlying equation that does not involve any compartments. As with SIR
models, parameters can be generated from data, assumptions, or conjectures.
3. Computational SIR models
Computational SIR models make use of the SIR structure but allow for re-estimation of parameters over time.
In an analysis presented at the Western Economic Association in mid-2020,2 this author identified computational SIR
models as which this author declared to be the benchmark for in-sample accuracy thus far in the epidemic. The same
presentation listed the following specific shortcomings, based on data from January through June 2020, in multiple
countries:
1. Standard SIR-based models are incapable of natively modeling secondary waves. Two-wave models had recently
been introduced that were promising.
2. All the known standard models had demonstrated great difficulty in predicting the magnitude of the current
epidemic before data establishing a peak became available.

A Simple Graph of a Simple Model

The simple 3-compartment SIR model, in a memorable graphic designed for British high school students. 3

1

The 1927 article by W.O.Kermack and A.G. McKendrick, “A Contribution to the Mathematical Theory of Epidemics,” Proceedings of
the Royal Society A, vol. 115 no. 772, outlined the SIR model, is often credited as the first to identify the underlying mathematics of
the path of an epidemic. In this 1927 article, they plot the deaths from an epidemic in “the island of Bombay” from December 1905
to July 1906. It followed a bell-shaped curve of the shape shown in SIR and other models a century later.
2
Patrick L. Anderson, “The Costs and Consequences of the Coronavirus Pandemic: Three Lessons,” presentation to the Western
Economics Association conference, NAFE sessions, June 24, 2020. Sarp Mertogan collaborated on this presentation and generated a
number of the empirical analyses.
3
Graphic retrieved from the website of the British International School in Phuket, Thailand,
https://ibmathsresources.com/2014/05/17/modelling-infectious-diseases/.
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Exhibit 6: Examples of Computational SIR Models in First Wave of Epidemic
These graphics, done in June 2020, are examples of Anderson Economic Group’s implementation of a computational SIR
model during the first wave of the epidemic. These cover different states and countries, using data compiled by JHU or
NYT.4
As of June 2020, we considered these the benchmark for accuracy among standard models. 5 They incorporate changing
parameters over time, and often achieved in-sample accuracy rates in excess of 90%. However, as noted in June 2020,
even these models have poor predictive ability past approximately 30 days, and are designed to capture one wave of an
epidemic in one area.

4

The data sources for state and county-level data used in this analysis are collected by the New York Times (NYT) from state and
local sources. The country-level data used has been published by John Hopkins Coronavirus Resource Center.
5

Patrick L. Anderson, “The Costs and Consequences of the Coronavirus Pandemic: Three Lessons,” presentation to the Western
Economics Association conference, NAFE sessions, June 24, 2020. Sarp Mertogan collaborated on this presentation and generated a
number of the empirical analyses.
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Exhibit 7: The Huge Cost of Stay-at-Home Orders and Other Government Interventions
The shutdown orders and other restrictions caused enormous losses in income and employment. The following charts
provide an indication of the magnitude of the losses, which far exceed those in typical recessions.

New York Times, December 11, 2020; base data from US Bureau of Labor Services. Retrieved from:
https://www.nytimes.com/2020/12/31/opinion/2020-covid-trump-charts.html.
U.S. unemployment rate saw all-time highs during stay-at-home orders
Monthly U.S Unemployment Percentage, Seasonally Adjusted

Sources: U.S. Bureau of Labor Statistics; St. Louis FRED
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Estimated Value of Weekly Unemployment Insurance Payments as of May 6, 2020
The hardest hit states, such as Michigan and Texas, saw unemployment insurance become a major income source during
the worst months of the deep pandemic recession. Here, AEG economists estimated UI payments (including federal
supplements) exceeded $1 Billion per week in some states. Source: https://www.andersoneconomicgroup.com/aeg-covid-19analyses-may-2020/#5-7

Michigan—a state with severe government-ordered shutdowns—was one of the hardest hit states
Michigan had the nation’s third highest unemployment rate in May—21.2%—behind only Nevada and Hawaii,
two states where the tourism industry has been crushed by the pandemic. Of the nation’s top 50 counties for
unemployment in April (the most recent data available at the local level) 32 are in Michigan.
“It’s Depression-level unemployment,” said Patrick Anderson, chief executive of Anderson Economic Group, a
consulting firm based in East Lansing, Mich. “The economy is going to get better, but we are talking about a very
deep hole.”
John McCormick, Wall Street Journal, Coronavirus Job and Death Toll Is
Widespread in Michigan: ‘We are Talking About a Very Deep Hole’ June 23rd
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