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Introduction



INTRODUCTION

e What is the appropriate economic policy response to the pandemic?
e How extensive should the shut-down be, and when should it end?
e Key item: Large distributional implications of lock down policies.
e Benefits are concentrated among the old
e Costs are concentrated among the young and especially, the young who
face unemployment
e Need some combination of shut-down and redistribution



WHAT WE DO

Build an epidemiological /economic model with heterogeneous agents

Assume that transfers across agents are costly

Assess two policies

e Mitigation (less output but also less contagion)
e Redistribution toward those whose jobs are shuttered

Characterize optimal policy

Interaction:

e Mitigation creates the need for redistribution
e If redistribution is costly, reduces the incentives for mitigation
e Need heterogeneous agent model to analyze this trade-off.



EpripEMIOLOGY: THE SAFER SIR MobEL

Stage of the disease
e Susceptible

Infected Asymptomatic

Infected with Flu-like symptoms

Infected and needing Emergency hospital car
Recovered (and Dead)

Worst case disease progression: S — A —-F —E — D

But recovery is possible at each stage

Three infected types spread virus in different ways:
e A at work, while consuming, at home
e F at home
e E to health-care workers



EcoNoMics: HETEROGENEITY BY AGE AND SECTOR

o Age i€ {y,o}
e Only young work
e Old have more adverse outcomes conditional on contagion
e But young more prone to contagion (they work)
e Old discount future at higher rate, reflecting shorter life expectancy

e Sector of production {b, ¢}

e Basic (health care/food production/law enforcement/government)

e Will never want shut-downs in this sector
e Workers in this sector care for the hospitalized

e Luxury (restaurants, entertainment etc.)
e Government chooses what fraction m of this sector to shutter
e Workers face shutdown unemployment risk
e But they are less likely to get infected



INTERACTIONS BETWEEN HEALTH AND WEALTH

e Shutdown (Mitigation)
e Reduces contagion
e Reduces risk of hospital overload
e Reduces average consumption
e Increases inequality (more unemployment)

e Redistribution

e Helps the unemployed = makes mitigation more palatable
e But redistribution is costly = makes mitigation more expensive

e What policies do different types prefer?

e How does the utilitarian optimal policy vary with the cost of
redistribution?



PREFERENCES

e Lifetime utility (for old)
E {/e‘ﬂof [u(c;’) +a+ ﬁ{} dt}

Po: time discount rate

e u(c?) instantaneous utility from old age consumption ¢?
e i value of life

e & intrinsic (dis)utility from health status j (zero for j € {s, a, r})

e Differences in expected longevity through p, # po (no aging)



TECHNOLOGY

e Young permanently assigned to b or ¢

Linear production: output equals number of workers

Only workers with j € {s, a, r} work

Output in basic sector:

yb — Xybs + Xyba + Xybr

Output in luxury sector is

yf — [1 o m] (nys _’_Xyéa + Xyér)

Total output given by
y=y"+y"

Fixed amount of output 7© spent on emergency health care

© measures capacity of emergency health system, 7 its unit cost



VIRUS TRANSMISSION

e Types of transmission
e work: young workers infected by A workers, prob 3,,(m)
e consumption: young & old infected by A shoppers, prob S.(m) x y(m)
e home: young & old infected by A and F family, prob 3,
e emergency: basic workers infected by E, prob (.
e infection-generating rates (3,,(m) & [.(m) depend on extent of
mitigation:

y? + y(m)(1 — m)
y(m)

6W(m) = Oy

e Similar for S.(m)
e Micro-founded via sectoral heterogeneity in social contact rates
e Smart mitigation shutters most contact-intensive sub-sectors first



FLOW INTO ASYMPTOMATIC (OUT OF SUSCEPTIBLE)

X = — :ﬁw(m) [Xyba +(1 - m)Xyla] +Bc(m)y(m)x? + B (Xa 4F Xf> + Bex© } xYbs
20 == [Bu(m)(t = m) [+ (= mp] pelmy(me a2+ x) |0
405 _ _: Be(m)y(m)x® + By (Xa +Xf) } 08

e Shutdowns (mitigation) reduce infections by:
e Reducing number of workers = less workplace transmission
e Reducing output y(m) = less consumption transmission
e No impact on home or hospital transmission



FLOWS INTO OTHER HEALTH STATES

e For each type j € {yb,yl, 0}

)-<ja — )-<js _ (o_jaf + O.jar) Xja
s — giaf yja _ (O,jfe +O_jfr> S
e — gife \df _ (O_jed _|_O_jer> e
X = o 5?1 I (0 — )P
© = Ao max{x® — ©,0}.
e where all the flow rates o vary by age

e x© — © measures excess demand for emergency health care. Reduces
flow of recovered (Increases flow into death)
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REDISTRIBUTION

Costly transfers between workers, non-workers (old, sick, unemployed)

Utilitarian planner: taxes/transfers don't depend on age/sector/health

e Workers share common consumption level ¢*

e Non-workers share common consumption level ¢”

Define measures of non-working and working as

.U'" _ Xyéf + Xyﬂe + Xybf + Xybe +m (nys 4 Xyéa _,’_Xyﬁr) + x©
MW _ Xybs +Xyba +Xybr + [1 _ m] (Xst +Xyla +Xy2r>
wv
w —
v - w n
Y+

Aggregate resource constraint

pve” +pu"c" +pu"T(c") =y —n® = p" —nO

e where T(c") is per-capita cost of transferring c” to non-workers
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INSTANTANEOUS SociAL WELFARE FuNcTION

e Consumption allocation does not affect disease dynamics = optimal
redistribution is a static problem

e With log-utility and equal weights, the period social welfare is
W(x, m) = max [1" log(c") + p"log(c")]+(u" +pM)a+ Y I
ch,cw

ije{f.e}

e Maximization subject to resource constraint gives i—f =1+ T'(c").

12



INSTANTANEOUS SociAL WELFARE FuNcTION

n_.n 2
o Assume p"T(c") = p"5 (” c )

Y

e Optimal allocation

) Vi+2ri=2y 1

1—12
v

7= Gl T E) = (1 S - ”c">

o
I

no
e

(14 71%¢") is the effective marginal cost of transfers.

where y = v —

It increases with ¢” and 7, decreases with share of workers v

Higher mitigation m reduces v, thus increases marginal cost

= policy interaction between m, 7.
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Mapping to Data



CALIBRATION: PREFERENCES:

e u(c)=log(c)
e Young < 65 (85% of population), Old > 65

e p, =4% and p, = 10%: pure discount rate of 3% plus adjustment for
47.5 & 14 years of residual life expectancy

e 0=11.4—log(c): VSL is $11.5m = $515k flow value or 11.4 x US
cons. pc

e Static trade-off: pay 10.8% of cons. to avoid 1% death probability
e Dynamic: give up 25% of cons. for 6 months for 0.16% increase in
chance of living 10 more years

o 0f, 0¢: flu reduces baseline utility by 30%, hospital by 100%
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CALIBRATION: DISEASE PROGRESSION (IMPERIAL MODEL)

1. Avg. duration asymptomatic: 5.3 days
e 50% recover  (important unknown)
e 50% develop flu

2. Avg. duration of flu: 10 days
e 96% of young recover
e 75% of old recover
e rest move to emergency care

3. Avg. duration of emergency care: 8 days

e 95% of young recover (absent overcapacity)
e 80% of old recover (absent overcapacity)
e rest die

e These moments pin down all the o parameters

e Implied death rates (absent overuse) 2.5% for the old, 0.1% for young
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CaLiBRATION: EcoNoMics

e Production
e Size of basic Sector: 45%
e basic = health, agriculture, utilities, finance, federal govt
e luxury = manuf., constr., mining, educ., leisure & hospitality

split the rest similarly
e © =0.042% (100,000 beds), A, s.t. mortality up 20% at infection peak

e Redistribution
e Marginal excess burden 38% pre-COVID (7 = 3.5, Saez, Slemrod, Giertz
2012)

n
e = planner chooses & = 1<

e Mitigation time path

_ 70
N = e e — )

16



CALIBRATION: VIRUS TRANSMISSION

e Set v, /fBh, ac/Ph to match evidence on number of potentially
infectious contacts Mossong et al. (2008)

e 35% of transmission occurs in workplaces and schools (model work)
e 19% occur in travel and leisure activities (model consumption)

e Set . so that 5% of infections are to health care workers as of April

12, 2020

e [ then determines basic reproduction number Ry (next slides)
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CALIBRATION: INITIAL CONDITIONS

e Will focus on alternative mitigation policies starting from April 12

e But how many people are already infected? How fast is the virus
spreading?

e Data challenges:

e Estimates of COVID-19 Ry from early days in Wuhan are outdated:
behaviors and policies have changed drastically

e Limited testing = positive test counts understate true infection levels

e Hardest numbers we have are for deaths (even those under-counted)
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OUR STRATEGY

e Assume initial arrival of infected individuals on Feb 12
e Assume America changed on March 21

@ One-time proportional drop in infection-generating rates «,,, ac, 8y
= Ry falls

® m=0— m=0.5 = 27.7% fall in employment (consistent with
Faria-e-Castro (2020) and Bick & Blandin (2020))

e Set infection-generating rates pre-and post March 21 and Feb 12
infected population to match NY Times deaths data:

@ Cumulative deaths on March 21: 343
® Cumulative deaths on April 12: 22,055

© Daily death toll around April 12: 1,632
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CALIBRATION: INITIAL CONDITIONS AND R,

D, = 22,055
Target It1 =12 th = 343 Dt3 - Dt3_1 = 1, 632

Parameter Ry, =3.61 R; =1.02, under m;, =05

| | | | |

T T T

T T
to Febr. 16 (t1) March 21 (t2) April 12 (t3) Time t

Millions of People in Each Health State
S A F E R D x 1000
03/21/20 323.71 4.17 0.84 0.01 1.27 0.34
04/12/20 31131 295 272 0.12 12.88 22.1
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EXPERIMENTS

@ Baseline comparison: 79 = 0.5, v3 = —0.5, 7» = March 21 +100
(mitigation ends around June 29), vs. no mitigation from April 12

® Alternative severity: ag = 0.75, 0.25

© Optimize (starting April 12) over o, 71, 72

e For each policy, compute welfare gains rel. to no mitigation by type
e How do gains from mitigation vary with cost of redistribution 77

e How does optimal mitigation vary with cost of redistribution?
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SHARES CURRENTLY INFECTED
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SHARES ASYMPTOMATIC

Unconditional Young Basic
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SHARES WITH FLu SympTOMS

Unconditional Young Basic
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SHARES HOSPITALIZED

Unconditional Young Basic
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NUMBER oF DEATHS

Thousands

Thousands
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CuMULATIVE DEATHS

Unconditional Young Basic
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SHARES NEVER INFECTED

Unconditional Young Basic
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CONSUMPTION

m(0)=0, 7 = 3.51

m(0)=0.50, 7 = 3.51
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MiLLioNs oF PeEoPLE IN EACH HEALTH STATE

S A F E R D x 1000

03/21/20 323.71 4.17 0.84 0.01 1.27 0.34

04/12/20 311.31 295 272 0.12 12.88 22.1

04/30/20 303.11 257 253 0.13 21.60 53.38
06/29/20 249.42 168 1.72 0.09 46.86 154.81
09/30/20 201.42 431 459 0.24 119.03 406.81
12/31/20 17152 0.47 0.62 0.04 156.74 599.38
12/31/21 168.82 0.00 0.00 0.00 160.56 621.95
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WELFARE GAINS (+) OR LossEs (-) FRom MiTIGATION

Mitigated Share 75% 50% 25%

Transfer Cost (7) 3.51 0.001 3.51 0.001 3.51 0.001
Young Basic 0.06% -0.04% | 0.24% 0.18% | 0.33% 0.30%
Young Luxury -0.37% -0.05% | -0.01% 0.16% | 0.23% 0.29%
Old 1.44% 2.00% | 2.17% 2.64% | 2.60% 2.93%
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OPTIMAL PoLicIES
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OutcoME COMPARISONS
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WELFARE GAINS UNDER OPTIMAL PoLiciEs

Welfare Gains (+) or Losses (-) From Preferred Mitigation, 7 = 3.51

Utilitarian Old Young Luxury  Young Basic
Young Basic 0.36% 0.29% 0.34% 0.36%
Young Luxury 0.21% -0.05% 0.25% 0.22%
Old 3.60% 4.15% 2.89% 3.37%

Welfare Gains (+) or Losses (-) From Preferred Mitigation, 7~ 0
Utilitarian Old Young Luxury  Young Basic

Young Basic 0.30% -0.05% 0.32% 0.32%
Young Luxury 0.29% -0.06% 0.32% 0.32%
Old 4.49% 5.30% 3.68% 3.68%




What if there is a Vaccine?



Exit STRATEGY CHANGES

We now put on our optimist hats - assume that a vaccine is readily
available on Oct 12, 2020

This ends new infections

Sickness and deaths last a bit longer

Key: infections end before herd immunity is reached
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OPTIMAL PoLiciEs COMPARISON WITH/WITHOUT VACCINE
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OutcoMES WITH VAcCCINE ARRIVING OcT. 12
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What If Recovered Can Go Back
to Work?



GAINS FrRoMm ANTIBODY TESTS

e In the last month, antibody tests are becoming available

e With widespread antibody testing, the recovered can be given

immunity passports and avoid mitigation

e Optimal mitigation higher than without antibody tests
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OPTIMAL MITIGATION WITH IMMUNITY PASSPORTS

No Mitigation of Recovered Mitigation of Recovered
0.5 0.5
Utilitarian Utilitarian
old old
0.45 - Luxury | 0.45 - Luxury
Basic Basic
0.4 q 0.4 B
035 q 0.35 b
03¢ q 0.3 B
0.25 1 1 0.25 —\\
0.2 q 0.2
0.15 - 0.15 -
0.1f B 01
0.05 - , 0.05 -
0 0
S N} N N
4 W v v N
o & o> o &
N N N N N

39



WELFARE GAINS FROM ANTIBODY TESTS

Utilitarian Old Luxury Basic
Policy Form Tests No Tests Tests No Tests Tests No Tests Tests No Tests
Young Basic 0.38% 0.36% 0.32% 0.29% 0.36% 0.34% 0.39% 0.36%
Young Luxury 0.23% 0.21% 0.01% -0.05% 0.28% 0.25% 0.24% 0.22%
Old 3.91% 3.60% 4.39% 4.15% 3.13% 2.89% 3.72% 3.37%
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Could We Do Better With More
Flexible Policies?



OPTIMAL CoNTROL APPROACH - FLEXIBLE MITIGATION

Our parametric mitigation function is simple to implement.

Now allow for a fully flexible path for m

Set up optimal control problem, solve for each group's preferred
non-parametric policy

Lots of computer time, very small marginal gains!
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OpPTIMAL NON-PARAMETRIC VS SIMPLE PolLiciEs

Preferred Mitigation Functions
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WELFARE GAINS WITH NoN-PARAMETRIC VS SIMPLE PoLiciEs

Utilitarian Old Luxury Basic
Policy Form 7 Non-Par Par Non-Par Par Non-Par Par Non-Par Par
Young Basic 0.36% 0.36% 0.29% 0.29% 0.34% 0.34% 0.37% 0.36%
Young Luxury 0.22% 0.21% -0.04% -0.05% 0.25% 0.25% 0.23% 0.22%
(o] [ ] 3.62% 3.60% 4.15% 4.15% 2.89% 2.89% 3.26% 3.37%
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OutcoMESs WiTH NoN-PARAMETRIC vs SIMPLE PoLiciEs
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CONCLUSIONS

Current baseline simulation suggests current shutdowns should be
partially relaxed but extended

Welfare gains are uneven: large for the old, small for the young

Cost of redistribution matters: harder shutdown optimal when
redistribution is costless

Results sensitive to parameters:

Value of life

Importance of economic activity in disease transmission
Disease lethality

Timing of vaccine arrival

Reading of current state: how many infections? how fast spreading?
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