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This paper: simple multi-group model  
+ 

explore optimal policy implications

(Ferguson, 2020)

THIS PAPER
‣ Policy analysis for COVID-19… 

‣ Epi: herd immunity, effect of mitigation, timing, etc. 

‣ Econ: costs of lockdowns, optimal policy, etc. 

‣ COVID-19: very asymmetric effects



IMPORTANT CAVEATS

‣ We are obviously not epidemiologists, but we made our 
best effort to integrate Econ with Multi-Group SIR models 
as well as calibrate the model.  

‣ Used Ferguson R0 =2.4 x .8 (to reflect mask use etc). 

‣ Not a literal policy prescription: The goal is to find areas of 
policy focus where welfare gains are the largest. 

‣ Private behavior can help ease  some implementational 
aspects. 
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Figure 3: MR-SIR: Multiple-Risk Susceptible Infected Recovered Model. Solid lines show
the flows from one state to another. Dashed lines emphasize interactions that take place
across risk groups.

and numerical methods. Our main results are presented in Section 4, which also contains
a number of robustness exercises. Section 5 contains our conclusions..

2 MR-SIR model

Our Multi-Risk SIR model is set in continuous time t 2 [0, •). Individuals are partitioned
into risk groups j = 1, . . . , J with Nj initial members.11 The total population is normalized
to unity so that Âj Nj = 1.

At any point in time t, individuals in group j are subdivided into those susceptible (S),
those infected (I), those recovered (R) and those deceased (D),

Sj(t) + Ij(t) + Rj(t) + Dj(t) = Nj.

Agents move from susceptible to infected, then either recover or die.12 We write S(t) =

{Sj(t)}j and similarly for I(t), R(t) and D(t). Groups interact with themselves as well as
with each other, as described below.

Before describing the details, we anticipate one of our key equations. In the canonical

11See Heesterbeek and Roberts (2007) and Bayham, Kuminoff, Gunn and Fenichel (2015) and the refer-
ences therein for a discussion of age or stage structured compartmental epidemiological models.

12As is standard, we focus on the pandemic and abstract from other sources of deaths as well as new
births

In addition, one could easily include an intermediate stage between S and I to capture exposed agents (E),
leading to a standard SEIR model, instead of SIR. Adding this state is important for some diseases, when
there is a significant lag between exposure and transmission. Arguably, this is not the case for COVID-19,
as even asymptomatic individuals have been found to transmit the virus.
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SIR MODEL + ECONOMIC COSTS

‣ ``Lockdowns” 

‣ benefit: reduce interactions, lower infections 

‣ costs: lost output 

‣ Optimal Control timing of lockdown



TWO OBJECTIVES

▸ Or, Safety-Focus: Min EL st LL < .001 

▸ Or, Econ-Focus: Min LL st EL < .10 

▸



ECON LOSS AND DYNAMIC STRUCTURE:

EVOLUTION 

OF (S, I, D, R) by Group 

IN SEIR STRUCTURE



Large gains for Semi-Targeting
Small gains for Full-Targeting

FRONTIER



Uniform Policy

BENEFIT OF SEMI-TARGETING

Semi-Targeted 

Policy



HERD IMMUNITY IS NOT THE GOAL



FINDINGS
‣ Large gains from 

targeted policy 

‣ Most gains from simple 
semi-targeted policies:  
treat 65+ group 
differentially 

‣ Non-zero lockdown for 
young 

‣ Testing is important 

‣ COMBO (test+dist+targ)



FINDINGS: “OBVIOUS” THINGS THAT DIDN’T WORK

‣ “Quasi-SWEDISH”—  mild 
shield the old, let everyone go 
free and attain herd immunity. 

‣ Sub-optimal policy.  Even 
herd immunity is attained 
sub optimally. ( Total 
Infected > Herd Immunity 
Threshold). 

‣ “OBVIOUS”: Treat  <45 and 
45-65 very differently.  Wrong 
again. Small gains only.



COMPUTATION



COMPUTATION: 



COMPUTATION: DIRECT SOLUTION 
USED IN MOTION ROBOTICS



COMPUTATION: DIRECT SOLUTION



CONNECTIONS TO “AI”



THANK YOU 

PYTHON CODE IN THE CLOUD (Google Colab): 

https://colab.research.google.com/drive/
16zhsso-NzNbxn9C_MMP4lqzdVA2N-xxt?
usp=sharing 

GEKKO Dynamic Optimization 

https://apmonitor.com/wiki/index.php/Main/
GekkoPythonOptimization 
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