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ARTICLE INFO ABSTRACT
JEL classification: How does interconnectedness affect the course of a pandemic? What are the optimal containment policies in an
F1 economy with connected regions? We embed a spatial SIR model into a multi-sector quantitative trade model.
HO We calibrate it to US states and the COVID-19 pandemic and find that interconnectedness increases the death
;\11 toll by 146,200 lives. State-level policies that reduce within-state economic activity mitigate welfare losses by
more than a uniform national policy or a policy that only reduces mobility between states. The optimal policy in
Keywords: mitigating welfare losses generated by the pandemic combines local within- and between-state restrictions and
Epidemic saves 289,300 lives, despite significantly exacerbating economic losses and imposing mobility restrictions across
Covid-19 states. Different timing of policies across states is key to minimize welfare losses. States like South Carolina might
Mobility have imposed internal lockdowns too early but travel restrictions too late.

Containment policies
Optimal policies
SIR model

1. Introduction

Interconnectedness through trade and mobility across states is a
defining characteristic of the United States. The COVID-19 pandemic
has challenged this long-standing paradigm. Some policymakers have
advocated for the limitation of mobility of individuals and goods across
states as a way to mitigate the pandemic. Thus, to analyze the benefits
and the costs of policies that impose traveling restrictions and lockdowns
on the US economy, we develop a novel quantitative framework that
highlights the role of interconnectedness. This allows us, first, to under-
stand how interconnectedness impacts the propagation of the disease
and economic activity compared with an one-region economy. Second,
to study containment policies that restrict the movement of people and
goods across states, such as travel and quarantine restrictions. Specifi-
cally, we analyze the extra benefit of between-state policies in saving
lives and minimizing welfare losses.

In the last 20 years, the world has faced significant threats, includ-
ing SARS, MERS, Ebola, avian influenza and swine flu. The likelihood of
pandemics has increased over the past century due to rising global travel
and integration, urbanization, changes in land use, and greater exploita-
tion of the natural environment. Evidence suggests that the likelihood of
pandemics will continue and intensify in the next decades (Jones et al.,

2008; Morse, 1995). The higher vulnerability is driven not only by in-
creased travel and tourism but also by the increase in international trade
because infections also spread through insects, food and animals mov-
ing between regions.! Therefore, besides creating policies that mitigate
the increased likelihood of future pandemics, it is also crucial to be pre-
pared to implement the right mitigation policies at the onset of a new
pandemic.

Against this background, the main contribution of this paper is to
provide a quantitative multi-region framework with spatial infection dif-
fusion to study the evolution of pandemics and related economic conse-
quences. The model highlights that the pandemic induces a clear trade-
off between economic losses and health outcomes. On the one hand, re-
strictions on economic activity and mobility impact welfare negatively.
On the other hand, lower economic activity and mobility slows down the
diffusion of the infection and saves lives, which raises welfare. Exploit-
ing the rich, yet parsimonious structure of our model, we can quantify
this trade-off and analyze how policies that resemble lockdowns and
travel restrictions balance the benefits of reducing the spread of disease
against economic costs.

The model is calibrated to US states using state-level data on COVID-
19 cases, inter-state trade flows and mobility of people across states

1 https://www.cnn.com/2017/04/03/health/pandemic-risk-virus-bacteria
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through mobile phone tracking. Through the lens of the model, we an-
alyze a battery of optimal containment policies imposed at different ge-
ographical levels. Specifically, we analyze and compare nation-wide,
state-level and between-state policies. Although we apply this model to
analyze the COVID-19 pandemic in the US, this framework is a suitable
benchmark to study the evolution and optimal containment policies of
other infectious events, such as future pandemics, or even endemic dis-
eases and bioterrorism-related events.

The economic block of the model features two sectors: a regular con-
sumption good and a social good sector. Each heterogeneous location
produces a differentiated regular consumption good that is traded across
locations, generating an economic link across locations and mobility of
people that varies with the level of the economic activity. For simplicity,
we introduce mobility in a reduced form that positively relates mobility
and economic trade flows. This assumption is motivated by empirical
evidence of a positive relationship between inter-state trade and mo-
bility. We analyze pre-pandemic US trade and mobility data and find
a positive and strong correlation between mobility flows and trade vol-
umes between US states, even after conditioning for a large set of covari-
ates and state fixed-effects.? Therefore, given this empirically validated
relationship presented in the model, a contraction in consumption in
response to the evolution of the pandemic lowers both economic flows
and mobility across regions. Exogenous restrictions on the movement of
people put limits on trade and thus lead to economic losses. This mod-
eling choice aims to capture several features of the economy. First, the
movement of goods requires the movement of people. Second, tourism,
working-related trips and other similar activities generate simultaneous
movement of people and transference of resources across states. This
modeling assumption allows for tractability and it is suitable to ana-
lyze the relationship between disease transmission, people’s mobility
and economic activity, which is the main goal of this paper.

The SIR block builds on Eichenbaum et al. (2020), which assumes
that individuals internalize how their actions impact their probability
of getting infected, leading to an endogenous change in consumption
and labor supply even in the absence of mitigation policies. We depart
from them in three dimensions. First, infection transmission is sector-
specific. The probability of getting infected through working and con-
suming in the social sector is higher than in the regular good sector. Sec-
ond, we distinguish between symptomatic and asymptomatic infected
agents. Since asymptomatic agents are not aware of their true health
status, their consumption and working behavior pose a higher threat to
the spread of the virus. Third, we add a spatial component by assuming
that agents in one state can be exposed to infected people in other states.
The exposure across states is directly related to the size of economic
flows and people’s mobility between states, which are both determined
endogenously in equilibrium. The greater the economic flows across re-
gions, the greater the movement of people across states and therefore
the higher the probability of the diseases spreading across states.

This framework allows us to highlight the role of interconnectedness
in the spread of the disease and its impact on economic activity. Specif-
ically, while the mobility of goods and people favors economic activity,
it simultaneously contributes to a faster spread of the disease, creating a
tension between economic and health outcomes. Estimating the spatial
diffusion parameters is key to the quantitative results. To estimate the
diffusion parameters we rely on data from the diffusion of COVID-19
across states as well as patterns of trade between states.

More broadly, at the heart of our analysis there is a trade-off be-
tween health and economic outcomes. On the one hand, the pandemic
implies loss of lives which implies a significant decrease in welfare. On

2 For simplicity, and given the short-term nature of the questions we are af-
ter, we assume that agents do not permanently migrate across states or change
sectors. Although we could easily relax this assumption, doing so would substan-
tially increase computational complexity. Moreover, other frameworks, such as
that of Giannone et al. (2020), are more suitable to analyze these decisions on
a mid- to long-term horizon.
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the other hand, since the propagation of the infection depends on the
levels of economic activity and mobility, lower labor supply, lower con-
sumption and lower mobility across states exacerbate the recession but
reduce the death toll. Therefore, a larger recession decreases welfare as
consumption drops but simultaneously raises welfare as fewer deaths
occur. In our framework, this trade-off arises endogenously and our re-
alistic calibration allows us to quantify such opposite forces. Moreover,
the optimal policy consists of determining what are the optimal levels
of economic losses and death toll that balance these two opposite forces
and mitigate welfare losses.

We present a set of positive and normative results. On the positive
side, we find that the dynamics of the pandemic measured in terms of
health and economic outcomes are more severe in a model with inter-
connectedness relative to one with isolated states. Without containment
policies, a connected US economy generates 146,200 extra deaths than a
fictional US economy composed of isolated states. The peak drop in con-
sumption is 11.4% in the model with connected states but 8.9% when
we consider isolated states. These differences are substantially larger
in states with lower initial infections, lower population and larger trade
openness. In terms of welfare, we find that the welfare loss generated by
the pandemic is 0.06 p.p. higher in the economy with connected states.
Another important feature of our model is the behavioral response of
agents who internalize how their actions impact their probability of get-
ting infected. We find that a model that doesn’t consider this behavioral
response overestimates the total death toll by 130,000, while the con-
sumption peak drop is 10.4 p.p. lower, which shows the importance of
this feature in designing the optimal policy.

On the normative side, we study a set of policies that mitigate wel-
fare losses imposed by the pandemic. Since infected people do not fully
internalize the effect of their behavior on the spread of the virus, the
competitive equilibrium is not optimal and there is room for interven-
tion. We analyze optimal containment policies that restrict economic ac-
tivity within a state (within-state policies) and policies that impact the
movement of goods and people across states (between-state policies).
The former set of policies resemble lockdowns, while the latter echo
traveling restrictions or quarantines. Given the constraints imposed by
each type of policy, the social planner solves a Ramsey Problem and
chooses the containment rates that minimize welfare losses. In other
words, given the trade-off between health and economic outcomes, the
social planner chooses the level of economic losses and death toll that
maximizes the social welfare function. There are three main takeaways.
First, within-state policies that are set at the state level (local policies)
mitigate the welfare losses induced by the pandemic more effectively
than a within-state policy that is set uniformly across states (national
policy). Specifically, a national lockdown is less costly from the eco-
nomic point of view than a local lockdown but it is more costly in terms
of deaths. Overall, local policies mitigate welfare by more. We highlight
that the key factor determining the success of optimal local policies that
resemble lockdowns is time flexibility. The national lockdown would be
imposed too early for small and low infection states like South Carolina
and too late for states with high population and infections such as New
York. Under both national and local optimal policies, restrictions are
almost exclusively imposed on the social sector. Second, a policy that
only restricts trade and mobility across states can mitigate welfare losses
but not significantly. This suggests that given the internal spread of the
pandemic, limiting between-state mobility alone cannot significantly re-
duce the impact of the pandemic. Third, combining local lockdowns and
travel restrictions is the most effective policy. This policy would save
289,300 lives, which is approximately 31,800 more lives saved than
under an optimal local within-state lockdown. This significant number
of saved lives mores than compensates in welfare terms the significant
recession and reduction in mobility generated by this policy.

This paper speaks closely to the fast-growing literature of papers on
COVID-19 that in the last few months have contributed to understand-
ing the economic and health trade-off of COVID-19 and optimal policy
responses (e.g. Alvarez et al., 2020; Atkeson, 2020; Atkeson et al., 2020;
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Eichenbaum et al., 2020; Faria-e-Castro, 2020; Jones et al., 2020; Glover
et al., 2020; Guerrieri et al., 2020; Piguillem et al., 2020). A few pa-
pers in this literature have, like ours, analyzed the spatial dimension of
the COVID-19 crisis, studying several economic and policy implications
of the spread of the disease across space. Among others, we highlight
Antras et al. 2020, Argente et al. 2020, Bisin and Moro 2020, Cuat and
Zymek 2020 and Fajgelbaum et al. 2020.

We depart from this set of papers that analyze the COVID-19 pan-
demic with a spatial dynamic component in several ways. First, we en-
dogenize the agents’ responses to the pandemic by allowing them to
internalize the impact of their actions on the probability of getting in-
fected. Second, we calibrate our model of interregional trade and mobil-
ity to all states in the US. Third, by allowing the virus to spread across
states, we analyze and compare optimal state-specific versus national
containment policies. Specifically, we bring to the table the study of a
between-state containment policy that could be interpreted in light of
required quarantines and travel restrictions that have been put in place
in a few states.

2. Model

We build a two-sector quantitative trade model to study the role of
interconnectedness in the evolution of a pandemic. Agents internalize
how their actions impact their probability of getting infected and op-
timally choose consumption and labor supply. On the epidemiological
side, we add an infection diffusion process across space and assume that
each production sector has different infection transmission rates. The
assumption that the virus diffusion also happens through trade and in-
dividuals’ movement across states is a way to model trips done both
for leisure and for production reasons, such as work meetings, confer-
ences, and trade fairs. To validate this assumption, we test for the cor-
relation between mobility and trade volume between US states. We find
a strong positive relationship. Online Appendix section A.1 reports the
full description of the analysis we conduct to support this assumption.
Specifically, we use data on mobility patterns between states from Pla-
celQ and bilateral trade volume from the 2017 Commodity Flow Survey
to perform a regression analysis with location-specific fixed effects and
several other controls.

2.1. Economic environment

Space The economy is defined by L locations indexed by /. Every
location produces a tradable differentiated regular consumption ¢ and a
non-tradable social good x. Locations differ in size, sector-specific pro-
ductivities and labor force distribution.

Preferences Before the pandemic, all agents across regions are iden-
tical and maximize a similar lifetime utility function:

oo
U, = Z ﬂtu(cl.t’xl,r’"l,r)
=0

where the flow utility function is assumed to be:

nl+0

€
u(epxiomp) = log ((#¢) 7+ (1= x] ) 77 ) = g7

g € (0, 1) denotes the discount factor, and ¢, ,, x,,, n;, denote the regular
good consumption, social good consumption and hours worked, respec-
tively. Regular good consumption ¢, is defined as a bundle of traded
goods from different regions combined through the CES aggregator:

€

L el 1
¢ = Za,vjc"lj 1)
j=1

where € > 0 is the elasticity of substitution across products from dif-
ferent origins. ¢, ; denotes the consumption in region / of regular good
produced in region j and «;; denotes the region I's measure of rela-
tive taste for the good produced in region ;. This introduces economic
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linkages across regions. A supply disruption in one region imposes a util-
ity cost elsewhere due to the lack of perfect sustainability across goods.
Moreover, a negative income shock propagates across space due to lower
demand.

Production Each location produces ¢ and x according to the follow-
ing CRS technologies:

G =Z{N{ and X,=Z'N}

where N; and N} are the labor demands for regular-consumption and
social good sectors, respectively. Labor cannot move across sectors and
locations. Z; and Z" are the sector-location specific productivities.

Prices are region and sector specific, 7, and Py respectively, for
sector ¢ and x. Wages and prices are fully flexible, but restrictions on
labor mobility across sectors and regions induce a wage differential
across sectors within region. Specifically, perfect competition implies
wlc,t = Zfﬁf’t and wit = lep;(,t'

2.2. SIR with spatial diffusion

We augment the canonical SIR model with a spatial diffusion com-
ponent similar to a long-standing tradition of spatial SIR models. We
also allow for economic decisions to have an impact on the probabil-
ity of becoming infected.® Given the heterogeneity across regions and
social contact intensity across sectors, the probability of becoming in-
fected is region-sector specific. It depends on the region’s characteristics
and increases with the intensity of the economic activity, the number of
infected in the region and also the number of infected agents in other
regions, especially those with stronger economic links.

We assume that agents are in one of the following health states:
Susceptible, Infected (Asymptomatic and symptomatic), Recovered and
Deceased. We indexed the health status by b € {s,i,a,r,d}. In a given
region /, the total number of agents of sector k € {c, x} in these health
status groups are given by S}, I/, R}, and Dj , respectively.” A fraction
A € [0, 1] of infected are asymptomatic while 1 — 1 are symptomatic. We
define the current number of symptomatic as Afi =4 I’fr and the cumula-
tive number of asymptomatic as Ai , thatis given by A}, = /I(I o+ RY Z).S

Susceptible agents, those who haven’t contracted the disease, may
become infected by interacting with infected people. Infected people,
both symptomatic and asymptomatic, recover at rate r, or die at rate
74, which are assumed to be common across sectors and regions. We
consider as asymptomatic all infected individuals who are not aware
that they are infected and thus behave as susceptible.® The evolution of
the number of individuals in each health status in a given location / and
sector k is given by the following set of equations:”

k  _ ok _ gk
Sl,t+1_S/,t Hl,x

3 Rowthorn et al. (2009) develop theoretical properties of spatial SIR models.
Bolker and Grenfell (1995), and Rvachev and Longini (1985) apply spatial SIR
models to study influenza in the US. See Gatto et al. (2020) for spatial SIR work
applied to COVID-19.

4 We use lowercase letters to identify the health status and uppercase letters
to identify the number of people in each of the health status.

5 Since the true health status is never revealed for the asymptomatic, they
will continue behaving as susceptible even after recovering. Therefore, to com-
pute aggregate variables, we need to keep track of the cumulative number of
asymptomatic.

® In our framework, it is important to distinguish between individuals who
know they are infected and those who, despite being infected, do not know
their true health status, since individuals may behave differently once they be-
come aware of their infection. Therefore, we consider asymptomatic infected
individuals who do not know they are infected. We define as symptomatic all
individuals who are infected and have symptoms and all infected who do not
have symptoms but know they are infected, for instance, non-symptomatic peo-
ple who were randomly tested.

7 The total population in a given sector-region declines with the number of
the deceased.
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k _ 1k k k
l/,z+1 - [I,r + Hl,t = (7 + ”d)ll,t
k _ pk k
Rl,t+1 - RI,I + ”rll,t
k _ Nk k
Dl,t+l - Dl,r + ”dII.r

ko_ k k
POPIJH - Pop“ - Dl,x

The number of newly infected, Hf, = hf Sf , is given by the number of
susceptible in each sector times the probability of becoming effect, h;‘ o
which is defined as follows:

. .
hE, % Pop, = nl,,c[’f(acf,r +(1- A)c;,,)z,,,

gy (AXE,+ (1= DX ),

N
+ ) [(ANf;” +(1- /I)N,’f;i>1,’ft
+ 1 (AXF, + (1 - A)X["J)I,J]

Cljt + éj 1t
+ g\ vl + )ty ) —=——=—1;;
[ ;‘1 Cry+ €y

@
where 1, is the total number of infected in location / at time ¢ that is
given by the sum of infected people working in both sectors, I;, = I, +
I ;‘1.8 Among the infected, the fraction (1 — 4)I;, have symptoms and the

k,s
Lt
k.s . . .
n,; are, respectively, the consumption of regular good, consumption of
social good and the number of hours worked by a currently susceptible
agent who lives in location / at time ¢ and works in sector k. C;' s X ,’ ,are,
respectively, the average consumption of regular good and the average
consumption of social good of infected (symptomatic) agents in location

| at time 7. N, ,";i is the average number of hours worked by infected

people in location / and sector k. Cf,
allocation for asymptomatic agents.”C;, ;. is the average consumption
in location / of goods produced in location j and C;,, is the average
consumption in location j of goods produced in location / at time 7.
C,,; and C;; correspond to the same allocations in the pre-pandemic
equilibrium.'°

According to Eq. (2), susceptible people can contract the disease by
meeting infected people while purchasing regular goods, consuming so-
cial goods, working or meeting infected people outside working and
consumption activities. Following Eichenbaum et al. (2020), we assume
that the probability of contacting people while purchasing goods is di-
rectly related to the shopping intensity and the number of both infected
and susceptible people. z; and =, relate to the probability of contracting
the disease per encounter during shopping for regular and social goods,
respectively. Asymptomatic and symptomatic contribute differently to
the number of new infected as they have distinct consumption and work
behavior.

The likelihood of becoming infected while at work in the regular
sector is proportional to the number of agents and hours worked by
infected and susceptible. Agents in the social sector, besides interact-
ing with co-workers, are also exposed to potentially infected clients.
We then assume that the number of infections depends both on hours
worked and the number of social goods consumed by infected agents,

fraction AI,, are asymptomatic and behave as susceptible. clkf, x,” and

X}, and Nl”;k are the equivalent

8 The total number of individuals in location / at time ¢ in each of the health
status is given by B, = BI‘:I + B;fl for Be{S,I,R,D,A,A, Pop}. The total
population in each sector k is given by Pop), = S, + I, + R},.

9 The average consumption of regular goods in location / at time ¢ of infected
Ier+1e
,l,v
well as, average consumption for any of the other health status. Given the lack

of heterogeneity within health status, N Ilft‘b = n;f;b for any b € {s,i,r,a}.
10 The average consumption of regulaf good is given by C;, =
(S, 3(TE+RE DCE+1-D1,, C +1-WR; CF

individuals is defined as: C;' = . X ; , is defined in a similar fashion, as

o X, C; and C;, are computed in a

similar fashion.
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as a proxy for the total number of potential interactions with infected
clients. We assume that the probability of becoming infected in the case
of meeting one infected person at work, 73, is the same in both sectors.
But as workers in the social sector meet on average more people, the
effective probability of contracting the virus is higher in sector x.

The last component of Eq. (2) defines the infection spatial diffusion.
As people move, susceptible people may be exposed to infected ones
from different regions. We assume that the likelihood of meeting an
infected person from another region is directly related to the number of
people that move between the two regions in any direction and the level
of economic linkage between the two regions. Specifically, we assume
that the total number of people moving between locations / and j, in
any direction, required to transfer the gross trade flows between these
two regions, C;,, + C; , ,, is given by

¢, +C

iPop,,+v;;Pop; LT L
(71,, Py T V)1 P,,t)( ¢ +Cp, >
where C;; + ¢, ; are the pre-pandemic gross trade flows. In the pre-
pandemic steady state, the gross flow of people collapses to y, ; Pop, +
7,1 Pop; where y, ; measures the share of population of state /, Pop,, in-
volved in the trade between / and ;. In other words, y, ; Pop; +v;, Pop;
corresponds to the gross flow of people between these two states that is
consistent with the gross flow of goods between states / and j in the pre-
pandemic steady-state. The bilateral y’s, as explained next, vary across
states and are calibrated to match the movement of people across states
before the pandemic. This functional form assumes that the number of
people moving across regions is positively related to the trade-flows, as
empirically validated in section A.1. When the gross flows are below
the pre-pandemic values, the number of people moving across states
declines as well. Symmetrically, the number of people moving across
locations is higher than pre-pandemic values only if gross trade flows
exceed the ones before the onset of the pandemic.

This positive relationship between trade and mobility implies that
the expected number of infected people from region j that a susceptible
person in region / may meet is proportional to the gross trade flows and
number of infected people in region j. For a given level of gross trade
flows between states / and j at time 1, C;;, + C,;,, there is a flow of

Cl,j,t+cj,lt

agents from j to / of y; ; Pop; ,( r A ) Among these agents moving
B ’ INRAIR]

CrjatCius

2 are infected. So susceptible people in /
G,;+C;,

from j to I, yj,,Ij,,<
can randomly meet these infected agents. For the same level of gross

Cl,j,t+cj,l.r

trade flows, v, ; Pop,,,( AT ) agents move from / to j. Among them
) o

CI.],A‘*'C/'JJ : :
1S <W> are susceptible and can meet randomly /;, infected

agents in state j. Therefore, a susceptible agent in state / can potentially

¢ J,ﬁ‘él. jit : . . .
meet [(y,’ i+ i) <W >] 1;, infected agents from location j, which
decreases as trade flows fall. z, reflects the probability of becoming
infected conditional on randomly meeting someone infected.

2.3. Optimization

Mobility frictions across locations and sectors and the absence of
any insurance mechanism against the risk of infection make the budget
constraint location-sector-health specific. We assume that the budget
constraint of an agent in region /, sector k and health status b € {s,i,r,a}
is:

bk _ kb kb kb
a+ rf,t)p,,,cl,, +(1+ Tl)fr)pirxl,r =w Von )+ Tl,t 3)

where (1 + 7} )p, ,c;, denotes the total cost of purchasing aggregate reg-
ular good c,, in location / and that is defined as

L
A+ ¢, = 2(1 + 75, 04€
j=1
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vb determines the effective hours worked for different health states. We
set v =1 for the susceptible/asymptomatic and recovered people and
v < 1 for infected (symptomatic) people. 7}, is the consumption tax on

social good and 716,]-, , Is the tax rate in state / of goods from region ;. T,l_’;k
are location-sector specific transfers. We assume that the government
runs a balanced budget every period and rebates the revenues generated
in each location-sector to the workers of the same location-sector. Taxes
on foreign goods are rebated for both sectors in the state.!!

Agents face a dynamic problem during the pandemic because their
consumption and labor decisions impact the future probability of be-
coming infected.!? In cases where they become infected, the agent faces
two consequences. First, they have lower labor productivity, which
translates into less effective hours of work and, therefore, income. Sec-
ond, they face a positive probability of death and, therefore, forgone
utility.

Susceptible/Asymptomatic People A susceptible person s in loca-

tion / in sector k chooses consumption clk's and x;"s and hours worked

n;"s that solve the following optimization problem:

ks _ ks _k,s ks
Ul,t - kyxm,gjx ks u(cu XMy )
Loy m )
k k.s k yrk.i
+ ﬂ[(l - h,’,)U,“1 +rkus | s o) @
where, h¥ , the probability of becoming infected is defined in Eq. (2).

We assurlrite that susceptible people take as given aggregate variables
but understand how their consumption and working decisions impact
their probability of becoming infected. However, they don’t internalize
how their decisions impact the aggregate variables, giving origin to an
infection externality. An asymptomatic person has the same information
set as a susceptible person and therefore, behaves as such, solving the
same optimization problem. Therefore, cl’f;“ = ['i;“, xﬁ’[“ = xﬁ’ts and nﬁ‘[“ =
ni’f.

Infected (Symptomatic) People We implicitly assume that the cost
of death is the foregone utility of life and that infected people do not
lose utility by infecting others. Therefore, infected people that are symp-

tomatic solve the following problem:

ki
U“ = max
Lt (ki ki i
€Lt X1 M

ki ki ki o ki k.r
u(cm,xm,nm>+ﬁ[(l T, ”d)Ul,r+1+”rUl,r+1 S.t.

(5)
Recovered People The decisions of the recovered people are static
and satisfy the following problem:'®

ko _ ko _kro kr k.r
Ul,t - k,mfrx o u(cl,z XMy ) + ﬂUI,tH s.L.
X n

{ Lt e >l }
2.4. Equilibrium definition

Given the initial labor allocations across sectors and
space, {Pop;‘}f:((f ol Ly and a sequence of taxes and transfers,

L Lt

I=({1,...,L}
{rf,,rft,Tc TX} ( ’ the equilibrium consists of a set of prices,
A7 t=(1,...,0

kb kb kbyoo

Xy 1, for each sector,

=C X C X [se] ~
{pu,p”, wy wl,r}tzl’ and allocations, {c

11 Rebating foreign taxes solely to sector ¢ underperforms in terms of mitigating
welfare losses.

12 Although total regular consumption c, social consumption x and total hours
worked n are chosen taking into consideration the dynamic component of the
problem, the allocation of the consumption of ¢ across goods produced in dif-
ferent locations is purely a static problem. Given the consumption aggregator
defined in (1), any agent in region / at time 7 in sector k and health status b

e

S (¢, DB, .

demands from region j: clk‘/.", = (%) c,k;". The price level for c-sector
K AT P ’

I-e |‘T¢
goods in city / is given by (1 + 7} )p], = [Z,I»;] a,,jy,f((l + Tij,t)ﬁ!-f> .

13 The solutions to agents’ problem are contained in the Online Appendix.
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k € {c,x}, and region, / € {1,...,L}, and health status, b € {s,i,a,r},
that solve the agents’ maximization problems and satisfy the goods and
labor markets clearing conditions defined as:

3 (St a(rh+ RE)) XS + (= DX + (= DREXS = X,
kefe,x}
k k k Ak, k A&l
(st +a(1h+ R ) )Cl + = DIECH,
JE(l,..., L} kefe,x}

+ (- MR},CT =C,
(5 + 4(15+ R ) YN+ (= DESVN + (= DRIVNG = X,,/2;

(55, + 4(15, + R, ) NG+ (L= DIV NG +(1 = DR VN =€,/ 7
3. Parameter values

We calibrate the model at a weekly frequency and to the character-
istics of pre-pandemic US states. The decision to make a state-specific
model is driven by the fact that most containment policies, such as lock-
downs and quarantines, are implemented at the state level.

Section A.3 of the Online Appendix describes in detail the full cali-
bration. Here, we restrict most of our attention to the parameters related
to the spatial and SIR components. Specifically, we set the elasticity of
substitution across states, €, to 5 as estimated by Ramondo et al. (2016).
The relative taste for goods of different states, a’s, are chosen to match
the share of imported goods from each state, using shipments data
between-states from the 2017 Commodity Flow Survey. Given the as-
sumed functional form, in the pre-pandemic equilibrium the number of
people moving across states depends solely on y’s. Thanks to this prop-
erty of the model, we calibrate y’s to match the pre-pandemic mobil-
ity flows between any two pair states. These mobility flows are pinned
down using cell phone tracking data as in Couture et al. (2020). Among
the smartphones that pinged in a given state on a certain day, this
data reports the share of those devices that pinged in each of the other
50 states at least once during the previous 14 days. Since we want to
calibrate to the pre-pandemic equilibrium, we consider cross-state cell
phone data from January 20, 2020, to February 15, 2020. Specifically,
we set y to the daily average for that period. For simplicity, we assume
that the elasticity between gross flows of people and trade for any pair
of states is equal to 1. Data limitations prevent us from obtaining an
unbiased estimate of such elasticity. Nevertheless, we find an estimate
of 0.919 when we regress gross mobility flows on gross trade after con-
trolling for several covariates and state-fixed effects. The main economic
and health outcomes are not very sensitive to an elasticity different from
1.

Regarding the labor supply, we set y to 0.001275 and the Frisch
elasticity 0 to 1 as in Eichenbaum et al. (2020), which implies that all
agents in this economy work 28 per week in the pre-pandemic steady
state. We estimate the state-sector productivities to match wages from
2019 QCEW. This parameterization implies an average weekly income
of $58,000/52. We also set the weakly discount factor # to be 0.965'/32 so
that the average value of a life is 10.7 million dollars in the pre-epidemic
steady state, which is consistent with the economic value of life used by
US government agencies in their decisions process.

Regarding the SIR parameters, we set the fraction of asymptomatic,
A, to 0.3, we match the probability of death to 1% and assume that
18 is the average number of days to recover or die. Since the model
is weekly, we set 7, + 7. = 7/18 and 7, = 7 x 0.01/18. These values are
within the range of the estimates reported by the CDC.'* To estimate
7y, 7y, 73, and x4, in Eq. (2), we use a similar approach to that in
Eichenbaum et al. (2020). These parameters are jointly estimated to
match different transmission rates across activities. Using data from
the Time Use Survey, we find that 18% and 30% of the time spent

14 https://www.cdc.gov/coronavirus/2019-ncov/hcp/planning-
scenarios.html
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on the general community is used for the purchase of “goods and ser-
vices” and “eating and drinking outside,” respectively. According to
Ferguson et al. (2006), 33% of virus transmission is likely occur in the
general community; thus, we set the average number of infections orig-
inated by consumption of ¢ to 6% (0.33 x 0.18) and those originated by
the consumption of x to 10% (0.33 x 0.3). 17% of infections occur in the
workplace with the largest share occurring in the social sector, as im-
plicitly assumed by the functional form chosen in Eq. (2). We also match
the state-level basic reproduction number, R, at the beginning of the
pandemic estimated by Fernandez-Villaverde and Jones (2020). Finally,
to initialize the model, we take into consideration the heterogeneity in
the evolution of the pandemic across states. Specifically, we select each
state’s initial infection rate, ¢,,, to match the April 1, 2020, death rate
for New York, and the May 1, 2020, death rate for other states, such
that D, = 7 ¢, o Pop;.
To sum up, 7y, 7y, 73, and z,; are chosen to satisfy

2
20 606
H, ’
X o,
H
Pop 2 Popy 2
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All allocations and population refer to the pre-pandemic equilibrium.

Table A.2 of the Online Appendix reports the main parameters of the
model that are common across locations. Table A.3, instead, reports key
data moments used in the calibration and calibrated parameters that
vary across states, such as the calibrated initial infection rate, ¢, SIR
parameters in Eq. (2) and sector-specific productivities. Section A.5 of
the Online Appendix reports several robustness exercises in which we
vary key parameters.

4. Pandemic evolution and optimal policies

This section analyzes the model mechanisms and the policy counter-
factuals. Section 4.1 reports the health and economic outcomes implied
by our calibrated model. Section 4.2 provides a series of optimal coun-
terfactual mitigation policies.

4.1. Understanding the model’s mechanisms

In this section, we highlight the main mechanisms at play in our
model and the role of interconnectedness.'® Figure 4.1 shows the large
degree of heterogeneity across states in health and economic outcomes
generated by the pandemic. Panels A and B present a map of cumulative
infections and deaths as percentages of the initial population, respec-
tively. We find that the most affected states are hit three times more

15 In this section, we assume no policy intervention, 7f, =7}, = 0 for any / and
1.
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than the least affected ones, with the most affected states concentrated
in the Northeast. States with a larger number of cases and deaths per
capita have, on average, higher levels of population, R, and openness,
as we can see in Figure A.2 of the online appendix. State openness refers
both to trade and to people’s mobility and it is defined as

~1,/,: + Cj,l,t

C
O = 4y )=
penness; l;(}'u v income,

(6)

Panels C and D report the average decline in hours worked and con-
sumption over the first two years relative to the pre-pandemic equilib-
rium, respectively. We find that the most affected states had a decline in
labor and consumption around two times larger than the decline in the
least impacted ones.'® As shown in Figure A.3 of the online appendix,
states with a larger drop of labor supply and consumption have, on av-
erage, higher levels of population and R, but lower openness. Finally,
we find a positive relationship between health and economic outcomes.
On average, states with a larger number of cases also face a large drop in
economic conditions. This analysis emphasizes the large degree of spa-
tial heterogeneity in the pandemic outcomes and points in the direction
of state-specific interventions.

We now analyze the dynamics of health and economic outcomes and
show that interconnectedness plays an important role in shaping the
evolution of the pandemic. Figure 2 shows the number of cumulative
cases and deaths as a percentage of the initial population, as well as
the hours worked and consumption per-capita in percentage deviation
from the pre-pandemic equilibrium. We report these outcomes for the
“Baseline” economy (solid red line) and a fictitious US economy without
trade and geographic mobility, denoted by “Isolated Economy” (dashed
blue line). The top panel reports the results for the evolution of infec-
tions at the aggregate level in the first column, and for New York, Ohio
and South Carolina in the second, third, fourth columns, respectively.
These three states represent extreme cases of high, medium and low ini-
tial infection level and population size. In row one, we find a 0.6 p.p.
difference in the peak of infection rates between the baseline US econ-
omy and the isolated one. The plots for the three states separately show
that the largest differences are generated in Ohio and South Carolina,
while there are nearly zero differences between models for New York.
Similarly, in the second row, we show the evolution of deaths over time.
The baseline US economy produces approximately 146,200 more deaths
than the isolated one.

By analyzing the three graphs on the right, we find that the largest
overall death toll occurs in New York with similar values under both
economies. In contrast, we find larger differences for Ohio and South
Carolina, where interconnectedness generates 0.03 and 0.15 p.p. more
deaths per capita, respectively. Overall, interconnectedness impacts rel-
atively more states with lower R, and smaller populations, as these
states, like South Carolina, import relatively more infections per capita.
In large states, like New York, the propagation of the disease within-state
is very large, so the number of imported cases is much less relevant in
relative terms.

Rows three and four of Fig. 2 report the evolution of hours worked
and consumption per-capita in percentage deviation from the pre-
pandemic steady state, respectively. Individuals voluntarily contract
consumption and labor supply as the virus spreads to mitigate the prob-
ability of becoming infected. We find that labor supply and consumption
drop the most around the time of the infection peak. The peak drops in
labor supply and consumption at the aggregate level are, respectively,
2.83 p.p. and 2.49 p.p. smaller in the US economy where states are not
connected. When we compare the average decline in hours worked and
consumption over the first two years of the pandemic, we find that inter-

16 We exclude District of Columbia from this calculation since it is a strong

outlier. DC has a degree of openness that is five times larger than the degree of
openness in the second-most-open state.
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Fig. 1. Heterogeneous Impact of Pandemic. Fig. 1 plots the heterogeneous impact of the pandemic across states. Panels A and B plot the total number of cases and
deaths at the end of pandemic as percentage of initial population, respectively. Panels C and D plot the average drop in hours worked and consumption in the first

two years relative to pre-pandemic steady-state.

Table 1
Health and Economic Outcomes of COVID-19 Crisis.

Cases %  Deaths %  Deaths mil. Peak weeks  Labor %  Consumption %  Openness %  Welfare %
Baseline 47.39 0.47 1.31 17 —4.06 -4.21 —-3.58 —48.96
Isolated 42.11 0.42 1.17 16 -3.42 43.47
Non-behavioral  51.86 0.52 1.44 17 0.00 —-0.26 —-0.65 51.17

Table 1 reports the model-implied outcomes for the entire US economy for different parameterizations. Cases and Deaths (%)
correspond to the cumulative number of cases and deaths, respectively, at the end of the pandemic as percentage of the initial
population. Deaths (mil.) reports the cumulative number of deaths. Cases Peak reports the number of weeks since the beginning
of the pandemic when the economy reached the peak of number of cases. Labor, Consumption and Openness reports the average
percentage decline in the number of hours worked, aggregate consumption and openness, respectively, in the two years after
the onset of the pandemic. Welfare correspond to the percentage difference between welfare induced by the pandemic and

welfare in absence of the pandemic.

connection exacerbates the drop by 0.64 p.p. and 0.55 p.p., respectively,
as reported in Table 1.

At the state level, we observe that New York displays the largest drop
in labor supply and consumption, followed by Ohio and South Carolina.
In New York, we find almost no difference between an isolated and in-
terconnected economy while the largest differences are displayed for
South Carolina. In the connected case, the drop in labor supply and con-
sumption in South Carolina occurs earlier and to a greater extent than
in an isolated economy. The endogenous decline in economic activity
induced by the pandemic generates a decline in the degree of openness.
The drop in demand leads to less trade between states and consequently
a decline in people’s mobility. For the US as a whole, openness declines
at the peak by almost 10.94% and 3.58% on average during the first
two years of the pandemic. The larger the state and the initial R, the
larger the endogenous decline in openness. At the peak of the pandemic,
openness reduces 22.68% in New York.

Table 1, besides reporting some key statistics for the baseline and
isolated-states models for the US as a whole, also reports the same statis-
tics for a model without behavioral responses. In a model without behav-
ioral response, agents do not adjust labor and consumption when they
observe the infection rate going up.!” The lack of adjustment in labor
and consumption generates significantly more cases and deaths, which

17 For the non-behavioral economy, we assume that labor and consumption
remain fixed at the pre-pandemic equilibrium for all health statuses during the
entire pandemic.

18 Welfare is

suggests that taking into account the endogenous response to the health
outcomes of the pandemic is crucial to analyze optimal policies. Regard-
ing welfare losses'®, reported in the last column of Table 1, we find that
the three models generate substantial welfare losses, mostly driven by
lost lives. This is well illustrated in the non-behavioral economy case,
in which, despite the US economy remaining pretty close to the pre-
pandemic equilibrium, the overall welfare drops around 0.512%, driven
by the loss of 1.44 million lives. Although the US economy contracts
more in the baseline case, welfare drops by approximately 0.49%. Wel-
fare losses would be smaller in an isolated US economy because health
and the economy are less impacted.

In section A.5 of the Online Appendix, we perform several robustness
exercises. We analyze how the course of the pandemic and economic
outcomes change for different values of the household discount fac-
tor, productivity loss while infected, mortality rate, the share of asymp-
tomatic and basic reproduction number, R,,. We also consider the pos-
sibility that symptomatic infected people are forced or voluntarily de-
cide to stay home. Staying-home prevents agents from consuming so-
cial goods and traveling, but they can consume regular consumption

defined as the average lifetime
economy. In the pre-pandemic

utility of all
agents in the period, it is
given by U= Xl [Po, Uf,,. + Popf, Uy | At the  time
t=0, when the pandemic hits, welfare 1is given by U,=

I=L c,s x X5 c.a A x.a e, X0
o [StaUss + Sty Ui + AL USs + AT U + (1 = DI Uy + (= DIUS
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Fig. 2. Dynamic Impact of COVID-19 Crisis.

goods that are delivered without virus transmission. This case reduces
the severity of the pandemic and implies different optimal policies that
are also discussed in section A.6 of the Online Appendix.

4.2. The geography of optimal containment policies

In this section, we analyze and compare within-state and between-
state containment policies. Since agents are atomistic, they don’t inter-
nalize the impact of their behavior on the disease transmission. There-
fore, the competitive equilibrium is not Pareto Optimal and there is
room for government intervention. The social planner maximizes the
social welfare in the entire country by imposing a set of tax instruments
that constrain economic activity and disease dynamics. The social plan-
ner can choose a sequence of consumption tax rates that can vary across
sectors and states. Specifically, for each state /, the social planner can

tax consumption of social goods, 7;,, own-state regular good, 7/, and

regular goods imported from each of the other states, {%lfj I} " for T
Ml

periods.'® The aggregate social welfare, U, is defined as a weighted
average of the lifetime utility of the different agents in each health sta-
tus:20

I=L

— c C,S X X,8 c c.a X x,a
Up = 2 [Sl,oUz,o +SI,OUI,0 + Hl,oUl,o + Hl,oUz,o
I=1

+ (1= DU+ - A)I;jOU,’jg]

Ulk(’)b is the lifetime utility at time O (beginning of the pandemic) of
an agent with health status b in each state / and sector k. Those are the

solution to the optimization problems (4) and (5) given the sequence of

19 After period T, all rates are set to 0.
20 Note that at the initial period, there are no deaths or recovered people.
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Fig. 3. Optimal Within-State Containment Policy.

tax rates imposed by the government. We assume that the social planner
observes the true health status of each individual.?!

If we consider T = 250, it would imply a choice of 451,500 parame-
ters, which is computationally very challenging. Therefore, we approxi-
mate the optimal time paths by a generalized logistic function of time:>>
0 =, K'2K3€K3(I_K4)

[1 + e'fz(t—m)] L4x;

k) determines the highest level of the mitigation and «, its persis-
tence, k3 controls mitigation in the earlier periods and «, determines
the period with the highest mitigation policy.

21 To solve this Ramsey problem, we guess a sequence of tax rates and solve
for the competitive equilibrium. We then evaluate the social welfare function
and iterate on this sequence until we find the optimum set of tax rates.

22 We consider alternative functional forms, but they under performed com-
pared to this one.

Below we study and compare different optimal containment policies
with different characteristics. We first consider policies that focus on
within-state consumption behavior, denominated within-state policies.
Second, we study a policy that targets trade flows and mobility across
regions, called the between-state policy. Finally, we look at the opti-
mal policy that combines both within and between-state policies. We
consider both the cases in which policies are equally implemented ev-
erywhere and policies that vary across states. The local policy consists of
state-specific consumption taxes on social and regular consumer goods.
Regular goods are taxed equally regardless of their origin. The national
policy imposes the same tax rate in all the states, but it can vary across
sectors.??

26 = ¢ = g¢
| Lt Jit t
and = for any states / and j. Regarding the local policies, the social plan-
ner maximizing the aggregate welfare of the country can choose different tax

rates for different states.

23 To be more specific, a national policy imposes o, =1,=1,
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Optimal Within-State Containment Policy In this section, we an-
alyze the impact of the optimal local and national within-state poli-
cies. These policies only impact the consumption produced within
the state. Specifically, we impose TICJ >0, 77 >0 and TIC,' =0if I #j.
Figure 3 shows the tax path and the evolution of health and economic
outcomes under national and local optimal within-state containment
policies. Table A.5 of the Online Appendix reports some key health and
economic results associated with these policies as well for all the other
policies discussed in this section.

The top-left panel shows the optimal national tax rates for sectors x
and c. The other three plots of the first row show the local tax rates for
New York, Ohio and South Carolina, respectively. First, we find that tax-
ing ¢ is not optimal under both policies. Second, under the local policy,
the maximum tax rate of the social sector varies across states and is pos-
itively related to the severity of the pandemic in each state. States with
a higher death toll face higher tax rates. Third, the timing of the peak of
the containment policy also varies across states and closely follows the
evolution of cases across states.

The second and third rows of Fig. 3 report the evolution of infec-
tions and cumulative deaths. We find lower infection and death rates
under both optimal policies than in the baseline, but a local policy
can save more lives than the national one. Overall, we find that the
local policy would reduce the number of overall deaths by 257,500,
while a national policy would mitigate the death toll by 215,300. The
largest improvement in death rates by imposing local or national poli-
cies would come from states with a smaller population and lower initial
reproduction number, R, as Ohio and South Carolina. In New York,
even though the optimal policy reduces slightly the infection peak, the
high initial R prevents policies from significantly reducing the death
rate.

Rows four and five reports the evolution of labor and consumption,
respectively. Both policies generate a larger drop in hours worked and
consumption than in the baseline US economy. At the aggregate level, lo-
cal policy amplifies the peak drop in hours worked and consumption by
10.97 p.p. and 6.14 p.p., respectively, relative to the baseline US econ-
omy with no intervention. Differences are even higher when we look at
the average drop during the first two years of the pandemic. Since these
policies do not directly target the movement of people and goods across
states, the level of openness increases relative to the US economy with-
out containment policies, as people substitute away from social goods to
regular consumption goods. This effect is quite substantial. For the over-
all US economy, at the peak of the pandemic, openness is around 4 p.p.
higher when local policies are in place. This difference is more salient in
states where the pandemic hits less hard, like Ohio and South Carolina.
Local policy amplifies the peak drop in hours worked and consumption
by 1.27 p.p. and 1.15 p.p. relative to the national policies.

The differential impact of within-state policies is more pronounced
in states like Ohio and South Carolina. This is mainly explained by the
timing of the different optimal local policies. As previously mentioned,
the maximum tax level is reached at a different time across states, a key
margin through which state-specific optimal policies operate. Specifi-
cally, local tax rates on x closely follow the evolution of cases in each
state. While cases are low, the tax rate is low and increases as the number
of cases and deaths go up. The maximum value of the optimal policy oc-
curs when the state reaches its peak. The optimal policy slows down the
course of the pandemic as the infection peak occurs weeks later than it
would in a connected US economy without containment policies. There-
fore, a homogeneous policy across states would impose a lockdown too
late in some states and too early in others. This result stresses that a pre-
mature lockdown can be economically very costly with little benefits in
reducing the death toll.

The comparison between local and national policies reflects the key
trade-off of the model. The social planner choices induce a drop in con-
sumption, labor supply and mobility until the point where the welfare
losses generated by this more severe recession are more than compen-
sated by the welfare gains of saved lives. Local and national policies

10
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have very similar impacts on economic terms, however, local policies
save a significantly higher number of lives.

Optimal Between-State Containment Policy We now study the op-
timal containment policy that restricts the movement of goods and peo-
ple across states. This policy consists of taxing goods from other states,
which translates into lower trade flows, lower mobility of individuals
and lower spatial infection diffusion. The blue line in Fig. 4 reports the
evolution of health and economic outcomes under this between-state tax
alone. Specifically, we impose =17 =0 and 7,20 if I # j. The red
line reports the baseline US economy and the yellow line the outcomes
under the optimal local within-state tax policy previously analyzed.?*

The middle graph of the first row plots the optimal between-state
containment policy. The social planner finds it optimal to tax foreign
goods but at a much lower rate than social goods under the within-state
policy. As the optimal local tax on service goods closely follows the
infection cases at the state level, this local between-state policy does
the same. The right graph displays an optimal policy that takes into
account a local and a between state (or foreign tax) instrument, a case
that we will discuss later.

As reported in row three, the optimal between-state tax rate alone
induces a higher death toll than the local within-state policy. A between-
state tax alone reduces the overall death toll as a percentage of the ini-
tial population by about 0.04 p.p., while the local within-state policy
reduces it by 0.09 p.p. This policy brings relatively larger gains to South
Carolina, the most affected state by interconnectedness among these
three. This occurs because between-state tax directly impacts the degree
of openness of the state, as this tax reduces foreign demand, trade-flows
and consequently the movement of people and infection diffusion across
space. Specifically, it induces an extra reduction in cross-state mobility
of 50.51 p.p. at the peak and 34.88 p.p. on average during the first two
years of pandemic compared with the US economy without containment
policies. Not surprisingly, this policy generates a larger decrease in mo-
bility compared with the baseline case in states that import relatively
more infected cases, such as South Carolina.

This optimal between-state policy generates fewer economic losses
per life saved as hours worked and consumption decline substantially
less than under the within-state policy. However, this policy alone can-
not save as many lives as other policies. In other words, to save a similar
number of lives as the local within-state policy, the between-state pol-
icy would induce such a large economic recession that the welfare losses
would overcome significantly the welfare gains of lives saved. This pol-
icy targets movement of goods and people across regions, but disease
spreads within states even if borders are completely closed. Although
the reduction in trade flows attenuates infection diffusion internally, a
policy that does not consider the social good sector faces limitations in
the number of deaths that it can avoid. We find that all tax rates follow
very similar patterns. When analyzing the health dynamics of the pol-
icy, we find that the optimal overall policy would reduce infection peak
by 1.48 p.p. compared with the baseline with gains happening across
states.

Optimal Within & Between State Containment Policy We now
analyze the case where the social planner can jointly choose the optimal
combination of local within- and local between-states consumption tax
rates. The optimal tax paths for New York are reported in the third graph
of the first row of Fig. 4. We find that all tax rates follow very similar
patterns. When analyzing the health dynamics of the policy, we find
that the optimal overall policy would reduce infection peak by 1.48 p.p.
compared with the baseline with gains happening across states.

Similarly, the death toll would decrease by 289,300 lives compared
with the baseline and 31,800 lives compared with the local within-state
policy. These saved lives are followed by a stronger economic drop. The
optimal policy would lead to a peak drop in hours worked and consump-

24 The green line reports the optimal policy combining local within- and
between-state containment rules. This policy is discussed later.
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Fig. 4. Optimal Between-State and Overall Policy.

tion of 28.67% and 25.80%, respectively. Over the first two years of the
pandemic, the optimal policy would amplify the drop in hours worked
and consumption relative to the US economy with no intervention in
14.77 and 12.59 p.p., respectively. Mobility and trade flows would drop
approximately 25.97% at the peak and 15.70% on average over the first
two years of the pandemic. These results suggest that despite some sub-
stitutability between within- and between-state policies, they mainly
tackle different issues. While between-state policies can attenuate the
pandemic by limiting the number of cases imported, it alone is not able
to substantially mitigate the pandemic. Once cases are already within
the state, only within-state policies can be effective. Table A.5 in the On-
line Appendix summarizes the main outcomes of the different policies
analyzed. The same table also reports the policy implications when we
consider the case in which symptomatic people are forced or voluntarily
stay home while infected.
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Welfare Comparisons Table 2 reports the welfare losses attributable
to the pandemic comparing different models and mitigation policies. Re-
garding within-state policies, we find that the optimal national within-
state containment policy would ameliorate welfare losses by 0.071 p.p.
while the optimal local level one would improve it by 0.086 p.p.. These
results highlight that a policy that resembles a state-specific lockdown
works better than a national lockdown. The key dimension through
which this happens is time flexibility. We, then, report the welfare ef-
fect of a between-state tax on consumption that is either homogeneously
(nationally) or heterogeneously (locally) applied across states. The wel-
fare improvement is more modest, approximately 0.039 and 0.044 p.p.,
for both national and local policies, respectively, showing that the best
between-state optimal policy alone would not have the same welfare
effects as a local within-state consumption tax. Moreover, a national
within-state lockdown is better than a simple local between-state policy.
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No Policy  Optimal Policy
Within-state Between-state Overall
National Local National Local National Local
Baseline —48.96 % —41.90% —40.36% —45.06% —44.59% —39.64% -37.12%
Finally, when the planner is allowed to choose the optimal combination References

of within and between-state policy instruments, welfare gains increase
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