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How does interconnectedness affect the course of a pandemic? What are the optimal containment policies in an 

economy with connected regions? We embed a spatial SIR model into a multi-sector quantitative trade model. 

We calibrate it to US states and the COVID-19 pandemic and find that interconnectedness increases the death 

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 

mitigating welfare losses generated by the pandemic combines local within- and between-state restrictions and 

saves 289,300 lives, despite significantly exacerbating economic losses and imposing mobility restrictions across 

states. Different timing of policies across states is key to minimize welfare losses. States like South Carolina might 

have imposed internal lockdowns too early but travel restrictions too late. 
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1 https://www.cnn.com/2017/04/03/health/pandemic-risk-virus-bacteria 
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. Introduction 

Interconnectedness through trade and mobility across states is a

efining characteristic of the United States. The COVID-19 pandemic

as challenged this long-standing paradigm. Some policymakers have

dvocated for the limitation of mobility of individuals and goods across

tates as a way to mitigate the pandemic. Thus, to analyze the benefits

nd the costs of policies that impose traveling restrictions and lockdowns

n the US economy, we develop a novel quantitative framework that

ighlights the role of interconnectedness. This allows us, first, to under-

tand how interconnectedness impacts the propagation of the disease

nd economic activity compared with an one-region economy. Second,

o study containment policies that restrict the movement of people and

oods across states, such as travel and quarantine restrictions. Specifi-

ally, we analyze the extra benefit of between-state policies in saving

ives and minimizing welfare losses. 

In the last 20 years, the world has faced significant threats, includ-

ng SARS, MERS, Ebola, avian influenza and swine flu. The likelihood of

andemics has increased over the past century due to rising global travel

nd integration, urbanization, changes in land use, and greater exploita-

ion of the natural environment. Evidence suggests that the likelihood of

andemics will continue and intensify in the next decades ( Jones et al.,
☆ This paper previously circulated under the title “Pandemic in an Interregional Mo
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008; Morse, 1995 ). The higher vulnerability is driven not only by in-

reased travel and tourism but also by the increase in international trade

ecause infections also spread through insects, food and animals mov-

ng between regions. 1 Therefore, besides creating policies that mitigate

he increased likelihood of future pandemics, it is also crucial to be pre-

ared to implement the right mitigation policies at the onset of a new

andemic. 

Against this background, the main contribution of this paper is to

rovide a quantitative multi-region framework with spatial infection dif-

usion to study the evolution of pandemics and related economic conse-

uences. The model highlights that the pandemic induces a clear trade-

ff between economic losses and health outcomes. On the one hand, re-

trictions on economic activity and mobility impact welfare negatively.

n the other hand, lower economic activity and mobility slows down the

iffusion of the infection and saves lives, which raises welfare. Exploit-

ng the rich, yet parsimonious structure of our model, we can quantify

his trade-off and analyze how policies that resemble lockdowns and

ravel restrictions balance the benefits of reducing the spread of disease

gainst economic costs. 

The model is calibrated to US states using state-level data on COVID-

9 cases, inter-state trade flows and mobility of people across states
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2  
hrough mobile phone tracking. Through the lens of the model, we an-

lyze a battery of optimal containment policies imposed at different ge-

graphical levels. Specifically, we analyze and compare nation-wide,

tate-level and between-state policies. Although we apply this model to

nalyze the COVID-19 pandemic in the US, this framework is a suitable

enchmark to study the evolution and optimal containment policies of

ther infectious events, such as future pandemics, or even endemic dis-

ases and bioterrorism-related events. 

The economic block of the model features two sectors: a regular con-

umption good and a social good sector. Each heterogeneous location

roduces a differentiated regular consumption good that is traded across

ocations, generating an economic link across locations and mobility of

eople that varies with the level of the economic activity. For simplicity,

e introduce mobility in a reduced form that positively relates mobility

nd economic trade flows. This assumption is motivated by empirical

vidence of a positive relationship between inter-state trade and mo-

ility. We analyze pre-pandemic US trade and mobility data and find

 positive and strong correlation between mobility flows and trade vol-

mes between US states, even after conditioning for a large set of covari-

tes and state fixed-effects. 2 Therefore, given this empirically validated

elationship presented in the model, a contraction in consumption in

esponse to the evolution of the pandemic lowers both economic flows

nd mobility across regions. Exogenous restrictions on the movement of

eople put limits on trade and thus lead to economic losses. This mod-

ling choice aims to capture several features of the economy. First, the

ovement of goods requires the movement of people. Second, tourism,

orking-related trips and other similar activities generate simultaneous

ovement of people and transference of resources across states. This

odeling assumption allows for tractability and it is suitable to ana-

yze the relationship between disease transmission, people’s mobility

nd economic activity, which is the main goal of this paper. 

The SIR block builds on Eichenbaum et al. (2020) , which assumes

hat individuals internalize how their actions impact their probability

f getting infected, leading to an endogenous change in consumption

nd labor supply even in the absence of mitigation policies. We depart

rom them in three dimensions. First, infection transmission is sector-

pecific. The probability of getting infected through working and con-

uming in the social sector is higher than in the regular good sector. Sec-

nd, we distinguish between symptomatic and asymptomatic infected

gents. Since asymptomatic agents are not aware of their true health

tatus, their consumption and working behavior pose a higher threat to

he spread of the virus. Third, we add a spatial component by assuming

hat agents in one state can be exposed to infected people in other states.

he exposure across states is directly related to the size of economic

ows and people’s mobility between states, which are both determined

ndogenously in equilibrium. The greater the economic flows across re-

ions, the greater the movement of people across states and therefore

he higher the probability of the diseases spreading across states. 

This framework allows us to highlight the role of interconnectedness

n the spread of the disease and its impact on economic activity. Specif-

cally, while the mobility of goods and people favors economic activity,

t simultaneously contributes to a faster spread of the disease, creating a

ension between economic and health outcomes. Estimating the spatial

iffusion parameters is key to the quantitative results. To estimate the

iffusion parameters we rely on data from the diffusion of COVID-19

cross states as well as patterns of trade between states. 

More broadly, at the heart of our analysis there is a trade-off be-

ween health and economic outcomes. On the one hand, the pandemic

mplies 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- 

er, we assume that agents do not permanently migrate across states or change 

ectors. Although we could easily relax this assumption, doing so would substan- 

ially increase computational complexity. Moreover, other frameworks, such as 

hat of Giannone et al. (2020) , are more suitable to analyze these decisions on 

 mid- to long-term horizon. 
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2 
he other hand, since the propagation of the infection depends on the

evels of economic activity and mobility, lower labor supply, lower con-

umption and lower mobility across states exacerbate the recession but

educe the death toll. Therefore, a larger recession decreases welfare as

onsumption drops but simultaneously raises welfare as fewer deaths

ccur. In our framework, this trade-off arises endogenously and our re-

listic calibration allows us to quantify such opposite forces. Moreover,

he optimal policy consists of determining what are the optimal levels

f economic losses and death toll that balance these two opposite forces

nd mitigate welfare losses. 

We present a set of positive and normative results. On the positive

ide, we find that the dynamics of the pandemic measured in terms of

ealth and economic outcomes are more severe in a model with inter-

onnectedness relative to one with isolated states. Without containment

olicies, a connected US economy generates 146,200 extra deaths than a

ctional US economy composed of isolated states. The peak drop in con-

umption is 11.4% in the model with connected states but 8.9% when

e consider isolated states. These differences are substantially larger

n states with lower initial infections, lower population and larger trade

penness. In terms of welfare, we find that the welfare loss generated by

he pandemic is 0.06 p.p. higher in the economy with connected states.

nother important feature of our model is the behavioral response of

gents who internalize how their actions impact their probability of get-

ing infected. We find that a model that doesn’t consider this behavioral

esponse overestimates the total death toll by 130,000, while the con-

umption peak drop is 10.4 p.p. lower, which shows the importance of

his feature in designing the optimal policy. 

On the normative side, we study a set of policies that mitigate wel-

are losses imposed by the pandemic. Since infected people do not fully

nternalize the effect of their behavior on the spread of the virus, the

ompetitive equilibrium is not optimal and there is room for interven-

ion. We analyze optimal containment policies that restrict economic ac-

ivity within a state (within-state policies) and policies that impact the

ovement of goods and people across states (between-state policies).

he former set of policies resemble lockdowns, while the latter echo

raveling restrictions or quarantines. Given the constraints imposed by

ach type of policy, the social planner solves a Ramsey Problem and

hooses the containment rates that minimize welfare losses. In other

ords, given the trade-off between health and economic outcomes, the

ocial planner chooses the level of economic losses and death toll that

aximizes the social welfare function. There are three main takeaways.

irst, within-state policies that are set at the state level (local policies)

itigate the welfare losses induced by the pandemic more effectively

han a within-state policy that is set uniformly across states (national

olicy). Specifically, a national lockdown is less costly from the eco-

omic point of view than a local lockdown but it is more costly in terms

f deaths. Overall, local policies mitigate welfare by more. We highlight

hat the key factor determining the success of optimal local policies that

esemble lockdowns is time flexibility. The national lockdown would be

mposed too early for small and low infection states like South Carolina

nd too late for states with high population and infections such as New

ork. Under both national and local optimal policies, restrictions are

lmost exclusively imposed on the social sector. Second, a policy that

nly restricts trade and mobility across states can mitigate welfare losses

ut not significantly. This suggests that given the internal spread of the

andemic, limiting between-state mobility alone cannot significantly re-

uce the impact of the pandemic. Third, combining local lockdowns and

ravel restrictions is the most effective policy. This policy would save

89,300 lives, which is approximately 31,800 more lives saved than

nder an optimal local within-state lockdown. This significant number

f saved lives mores than compensates in welfare terms the significant

ecession and reduction in mobility generated by this policy. 

This paper speaks closely to the fast-growing literature of papers on

OVID-19 that in the last few months have contributed to understand-

ng the economic and health trade-off of COVID-19 and optimal policy

esponses (e.g. Alvarez et al., 2020; Atkeson, 2020; Atkeson et al., 2020;
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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. 
6 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. 
ichenbaum et al., 2020; Faria-e-Castro, 2020; Jones et al., 2020; Glover

t al., 2020; Guerrieri et al., 2020; Piguillem et al., 2020 ). A few pa-

ers in this literature have, like ours, analyzed the spatial dimension of

he COVID-19 crisis, studying several economic and policy implications

f the spread of the disease across space. Among others, we highlight

ntràs et al. 2020, Argente et al. 2020, Bisin and Moro 2020, Cuat and

ymek 2020 and Fajgelbaum et al. 2020 . 

We depart from this set of papers that analyze the COVID-19 pan-

emic with a spatial dynamic component in several ways. First, we en-

ogenize the agents’ responses to the pandemic by allowing them to

nternalize the impact of their actions on the probability of getting in-

ected. Second, we calibrate our model of interregional trade and mobil-

ty to all states in the US. Third, by allowing the virus to spread across

tates, we analyze and compare optimal state-specific versus national

ontainment policies. Specifically, we bring to the table the study of a

etween-state containment policy that could be interpreted in light of

equired quarantines and travel restrictions that have been put in place

n a few states. 

. Model 

We build a two-sector quantitative trade model to study the role of

nterconnectedness in the evolution of a pandemic. Agents internalize

ow their actions impact their probability of getting infected and op-

imally choose consumption and labor supply. On the epidemiological

ide, we add an infection diffusion process across space and assume that

ach production sector has different infection transmission rates. The

ssumption that the virus diffusion also happens through trade and in-

ividuals’ movement across states is a way to model trips done both

or leisure and for production reasons, such as work meetings, confer-

nces, and trade fairs. To validate this assumption, we test for the cor-

elation between mobility and trade volume between US states. We find

 strong positive relationship. Online Appendix section A.1 reports the

ull description of the analysis we conduct to support this assumption.

pecifically, we use data on mobility patterns between states from Pla-

eIQ and bilateral trade volume from the 2017 Commodity Flow Survey

o perform a regression analysis with location-specific fixed effects and

everal other controls. 

.1. Economic environment 

Space The economy is defined by 𝐿 locations indexed by 𝑙. Every

ocation produces a tradable differentiated regular consumption 𝑐 and a

on-tradable social good 𝑥 . Locations differ in size, sector-specific pro-

uctivities and labor force distribution. 

Preferences Before the pandemic, all agents across regions are iden-

ical and maximize a similar lifetime utility function: 

 𝑙 = 

∞∑
𝑡 =0 

𝛽𝑡 𝑢 ( 𝑐 𝑙,𝑡 , 𝑥 𝑙,𝑡 , 𝑛 𝑙,𝑡 ) 

here the flow utility function is assumed to be: 

 ( 𝑐 𝑙 , 𝑥 𝑙 , 𝑛 𝑙 ) = log 
((
𝜙𝜌𝑐 

1− 𝜌
𝑙 

+ (1 − 𝜙) 𝜌𝑥 1− 𝜌
𝑙 

) 1 
1− 𝜌

)
− 𝜒

𝑛 1+ 𝜃
𝑙 

1 + 𝜃

∈ (0 , 1) denotes the discount factor, and 𝑐 𝑙,𝑡 , 𝑥 𝑙,𝑡 , 𝑛 𝑙,𝑡 denote the regular

ood consumption, social good consumption and hours worked, respec-

ively. Regular good consumption 𝑐 𝑙 is defined as a bundle of traded

oods from different regions combined through the CES aggregator: 

 𝑙 = 

( 

𝐿 ∑
𝑗=1 

𝛼𝑙,𝑗 ̃𝑐 
𝜖−1 
𝜖

𝑙,𝑗 

) 

𝜖

𝜖−1 

(1)

here 𝜖 > 0 is the elasticity of substitution across products from dif-

erent origins. 𝑐 𝑙,𝑗 denotes the consumption in region 𝑙 of regular good

roduced in region 𝑗 and 𝛼𝑙,𝑗 denotes the region l’s measure of rela-

ive taste for the good produced in region 𝑗. This introduces economic
3 
inkages across regions. A supply disruption in one region imposes a util-

ty cost elsewhere due to the lack of perfect sustainability across goods.

oreover, a negative income shock propagates across space due to lower

emand. 

Production Each location produces 𝑐 and 𝑥 according to the follow-

ng CRS technologies: 

 𝑙 = 𝑍 

𝑐 
𝑙 
𝑁 

𝑐 
𝑙 

and 𝑋 𝑙 = 𝑍 

𝑥 
𝑙 
𝑁 

𝑥 
𝑙 

here 𝑁 

𝑐 
𝑙 

and 𝑁 

𝑥 
𝑙 

are the labor demands for regular-consumption and

ocial good sectors, respectively. Labor cannot move across sectors and

ocations. 𝑍 

𝑐 
𝑙 

and 𝑍 

𝑥 
𝑙 

are the sector-location specific productivities. 

Prices are region and sector specific, 𝑝̃ 𝑐 
𝑙,𝑡 

and 𝑝 𝑥 
𝑙,𝑡 

, respectively, for

ector 𝑐 and 𝑥 . Wages and prices are fully flexible, but restrictions on

abor mobility across sectors and regions induce a wage differential

cross sectors within region. Specifically, perfect competition implies

 

𝑐 
𝑙,𝑡 

= 𝑍 

𝑐 
𝑙 
𝑝̃ 𝑐 
𝑙,𝑡 

and 𝑤 

𝑥 
𝑙,𝑡 

= 𝑍 

𝑥 
𝑙 
𝑝 𝑥 
𝑙,𝑡 

. 

.2. SIR with spatial diffusion 

We augment the canonical SIR model with a spatial diffusion com-

onent similar to a long-standing tradition of spatial SIR models. We

lso allow for economic decisions to have an impact on the probabil-

ty of becoming infected. 3 Given the heterogeneity across regions and

ocial contact intensity across sectors, the probability of becoming in-

ected is region-sector specific. It depends on the region’s characteristics

nd increases with the intensity of the economic activity, the number of

nfected in the region and also the number of infected agents in other

egions, especially those with stronger economic links. 

We assume that agents are in one of the following health states:

 usceptible, I nfected ( A symptomatic and symptomatic), R ecovered and

 eceased. We indexed the health status by 𝑏 ∈ { 𝑠, 𝑖, 𝑎, 𝑟, 𝑑} . In a given

egion 𝑙, the total number of agents of sector 𝑘 ∈ { 𝑐, 𝑥 } in these health

tatus groups are given by 𝑆 𝑘 
𝑙,𝑡 

, 𝐼 𝑘 
𝑙,𝑡 

, 𝑅 

𝑘 
𝑙,𝑡 

and 𝐷 

𝑘 
𝑙,𝑡 

, respectively. 4 A fraction

∈ [0 , 1] of infected are asymptomatic while 1 − 𝜆 are symptomatic. We

efine the current number of symptomatic as 𝐴 

𝑘 
𝑙,𝑡 

= 𝜆𝐼 𝑘 
𝑙,𝑡 

and the cumula-

ive number of asymptomatic as 𝐴̄ 

𝑘 
𝑙,𝑡 

that is given by 𝐴̄ 

𝑘 
𝑙,𝑡 

= 𝜆

(
𝐼 𝑘 
𝑙,𝑡 
+ 𝑅 

𝑘 
𝑙,𝑡 

)
. 5 

Susceptible agents, those who haven’t contracted the disease, may

ecome infected by interacting with infected people. Infected people,

oth symptomatic and asymptomatic, recover at rate 𝜋𝑟 or die at rate

𝑑 , which are assumed to be common across sectors and regions. We

onsider as asymptomatic all infected individuals who are not aware

hat they are infected and thus behave as susceptible. 6 The evolution of

he number of individuals in each health status in a given location 𝑙 and

ector 𝑘 is given by the following set of equations: 7 

𝑆 𝑘 
𝑙,𝑡 +1 = 𝑆 𝑘 

𝑙,𝑡 
− 𝐻 

𝑘 
𝑙,𝑡 
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𝐼 𝑘 
𝑙,𝑡 +1 = 𝐼 𝑘 

𝑙,𝑡 
+ 𝐻 

𝑘 
𝑙,𝑡 
− ( 𝜋𝑟 + 𝜋𝑑 ) 𝐼 𝑘 𝑙,𝑡 

𝑅 

𝑘 
𝑙,𝑡 +1 = 𝑅 

𝑘 
𝑙,𝑡 
+ 𝜋𝑟 𝐼 

𝑘 
𝑙,𝑡 

𝐷 

𝑘 
𝑙,𝑡 +1 = 𝐷 

𝑘 
𝑙,𝑡 
+ 𝜋𝑑 𝐼 

𝑘 
𝑙,𝑡 

 𝑜𝑝 𝑘 
𝑙,𝑡 +1 = 𝑃 𝑜𝑝 𝑘 

𝑙,𝑡 
− 𝐷 

𝑘 
𝑙,𝑡 

he number of newly infected, 𝐻 

𝑘 
𝑙,𝑡 

= ℎ 𝑘 
𝑙,𝑡 
𝑆 𝑘 
𝑙,𝑡 

, is given by the number of

usceptible in each sector times the probability of becoming effect, ℎ 𝑘 
𝑙,𝑡 

,

hich is defined as follows: 

 

𝑘 
𝑙,𝑡 
× 𝑃 𝑜𝑝 𝑙,𝑡 = 𝜋1 ,𝑙 𝑐 

𝑘,𝑠 

𝑙,𝑡 

(
𝜆𝐶 𝑎 

𝑙,𝑡 
+ (1 − 𝜆) 𝐶 𝑖 

𝑙,𝑡 

)
𝐼 𝑙,𝑡 

+ 𝜋2 ,𝑙 𝑥 
𝑘,𝑠 

𝑙,𝑡 

(
𝜆𝑋 

𝑎 
𝑙,𝑡 
+ (1 − 𝜆) 𝑋 

𝑖 
𝑙,𝑡 

)
𝐼 𝑙,𝑡 

+ 𝜋3 ,𝑙 𝑛 
𝑘,𝑠 

𝑙,𝑡 

[(
𝜆𝑁 

𝑘,𝑎 

𝑙,𝑡 
+ (1 − 𝜆) 𝑁 

𝑘,𝑖 

𝑙,𝑡 

)
𝐼 𝑘 
𝑙,𝑡 

+ 𝟙 ( 𝑘 = 𝑥 ) 
(
𝜆𝑋 

𝑎 
𝑙,𝑡 
+ (1 − 𝜆) 𝑋 

𝑖 
𝑙,𝑡 

)
𝐼 𝑙,𝑡 

]

+ 𝜋4 ,𝑙 

[ 

𝛾𝑙,𝑙 𝐼 𝑙,𝑡 + 

∑
𝑗≠𝑙 

( 𝛾𝑙,𝑗 + 𝛾𝑗,𝑙 ) 
𝐶̃ 𝑙,𝑗,𝑡 + 𝐶̃ 𝑗,𝑙,𝑡 

𝐶̃ 𝑙,𝑗 + 𝐶̃ 𝑗,𝑙 
𝐼 𝑗,𝑡 

] 

(2) 

here 𝐼 𝑙,𝑡 is the total number of infected in location 𝑙 at time 𝑡 that is

iven by the sum of infected people working in both sectors, 𝐼 𝑙,𝑡 = 𝐼 𝑐 
𝑙,𝑡 
+

 

𝑥 
𝑙,𝑡 

. 8 Among the infected, the fraction (1 − 𝜆) 𝐼 𝑙,𝑡 have symptoms and the

raction 𝜆𝐼 𝑙,𝑡 are asymptomatic and behave as susceptible. 𝑐 𝑘,𝑠 
𝑙,𝑡 

, 𝑥 𝑘,𝑠 
𝑙,𝑡 

and

 

𝑘,𝑠 

𝑙,𝑡 
are, respectively, the consumption of regular good, consumption of

ocial good and the number of hours worked by a currently susceptible

gent who lives in location 𝑙 at time 𝑡 and works in sector 𝑘 . 𝐶 𝑖 
𝑙,𝑡 

, 𝑋 

𝑖 
𝑙,𝑡 

are,

espectively, the average consumption of regular good and the average

onsumption of social good of infected (symptomatic) agents in location

at time 𝑡 . 𝑁 

𝑘,𝑖 

𝑙,𝑡 
is the average number of hours worked by infected

eople in location 𝑙 and sector 𝑘 . 𝐶 𝑎 
𝑙,𝑡 

, 𝑋 

𝑎 
𝑙,𝑡 

and 𝑁 

𝑎,𝑘 

𝑙,𝑡 
are the equivalent

llocation for asymptomatic agents. 9 𝐶̃ 𝑙,𝑗,𝑡 is the average consumption

n location 𝑙 of goods produced in location 𝑗 and 𝐶̃ 𝑗,𝑙,𝑡 is the average

onsumption in location 𝑗 of goods produced in location 𝑙 at time 𝑡 .
̃
 𝑙,𝑗 and 𝐶̃ 𝑗,𝑙 correspond to the same allocations in the pre-pandemic

quilibrium. 10 

According to Eq. (2) , susceptible people can contract the disease by

eeting infected people while purchasing regular goods, consuming so-

ial goods, working or meeting infected people outside working and

onsumption activities. Following Eichenbaum et al. (2020) , we assume

hat the probability of contacting people while purchasing goods is di-

ectly related to the shopping intensity and the number of both infected

nd susceptible people. 𝜋1 and 𝜋2 relate to the probability of contracting

he disease per encounter during shopping for regular and social goods,

espectively. Asymptomatic and symptomatic contribute differently to

he number of new infected as they have distinct consumption and work

ehavior. 

The likelihood of becoming infected while at work in the regular

ector is proportional to the number of agents and hours worked by

nfected and susceptible. Agents in the social sector, besides interact-

ng with co-workers, are also exposed to potentially infected clients.

e then assume that the number of infections depends both on hours

orked and the number of social goods consumed by infected agents,
8 The total number of individuals in location 𝑙 at time 𝑡 in each of the health 

tatus is given by 𝐵 𝑙,𝑡 = 𝐵 𝑐 𝑙,𝑡 + 𝐵 
𝑥 
𝑙,𝑡 

for 𝐵 ∈ { 𝑆, 𝐼, 𝑅, 𝐷, 𝐴, 𝐴̄ , 𝑃 𝑜𝑝 } . The total 

opulation in each sector 𝑘 is given by 𝑃 𝑜𝑝 𝑘 
𝑙,𝑡 
= 𝑆 𝑘 

𝑙,𝑡 
+ 𝐼 𝑘 

𝑙,𝑡 
+ 𝑅 𝑘 

𝑙,𝑡 
. 

9 The average consumption of regular goods in location 𝑙 at time 𝑡 of infected 

ndividuals is defined as: 𝐶 𝑖 
𝑙,𝑡 
= 

𝐼 𝑐 
𝑙,𝑡 
𝑐 
𝑐,𝑖 

𝑙,𝑡 
+ 𝐼 𝑥 

𝑙,𝑡 
𝑐 
𝑥,𝑖 

𝑙,𝑡 

𝐼 𝑙,𝑡 
. 𝑋 

𝑖 
𝑙,𝑡 

is defined in a similar fashion, as 

ell as, average consumption for any of the other health status. Given the lack 

f heterogeneity within health status, 𝑁 

𝑘,𝑏 

𝑙,𝑡 
= 𝑛 𝑘,𝑏 

𝑙,𝑡 
for any 𝑏 ∈ { 𝑠, 𝑖, 𝑟, 𝑎 } . 

10 The average consumption of regular good is given by 𝐶 𝑙,𝑡 = 
( 𝑆 𝑙,𝑡 + 𝜆

(
𝐼 𝑘 
𝑙,𝑡 
+ 𝑅 𝑘 

𝑙,𝑡 

)
) 𝐶 𝑆 

𝑙,𝑡 
+(1− 𝜆) 𝐼 𝑙,𝑡 𝐶 𝐼 𝑙,𝑡 +(1− 𝜆) 𝑅 𝑙,𝑡 𝐶 

𝑅 
𝑙,𝑡 

𝑃𝑜𝑝 𝑙,𝑡 
. 𝑋 𝑙,𝑡 , 𝐶̃ 𝑙,𝑗 and 𝐶̃ 𝑗,𝑙 are computed in a 

imilar fashion. 
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4 
s a proxy for the total number of potential interactions with infected

lients. We assume that the probability of becoming infected in the case

f meeting one infected person at work, 𝜋3 , is the same in both sectors.

ut as workers in the social sector meet on average more people, the

ffective probability of contracting the virus is higher in sector 𝑥 . 

The last component of Eq. (2) defines the infection spatial diffusion.

s people move, susceptible people may be exposed to infected ones

rom different regions. We assume that the likelihood of meeting an

nfected person from another region is directly related to the number of

eople that move between the two regions in any direction and the level

f economic linkage between the two regions. Specifically, we assume

hat the total number of people moving between locations 𝑙 and 𝑗, in

ny direction, required to transfer the gross trade flows between these

wo regions, 𝐶̃ 𝑗,𝑙,𝑡 + 𝐶̃ 𝑙,𝑗,𝑡 , is given by 

𝛾𝑙,𝑗 𝑃 𝑜𝑝 𝑙,𝑡 + 𝛾𝑗,𝑙 𝑃 𝑜𝑝 𝑗,𝑡 
)( 

𝐶̃ 𝑗,𝑙,𝑡 + 𝐶̃ 𝑙,𝑗,𝑡 

𝐶̃ 𝑗,𝑙 + 𝐶̃ 𝑙,𝑗 

) 

here 𝐶̃ 𝑗,𝑙 + 𝐶̃ 𝑙,𝑗 are the pre-pandemic gross trade flows. In the pre-

andemic steady state, the gross flow of people collapses to 𝛾𝑙,𝑗 𝑃 𝑜𝑝 𝑙 +
𝑗,𝑙 𝑃 𝑜𝑝 𝑗 where 𝛾𝑙,𝑗 measures the share of population of state 𝑙, 𝑃 𝑜𝑝 𝑙 , in-

olved in the trade between 𝑙 and 𝑗. In other words, 𝛾𝑙,𝑗 𝑃 𝑜𝑝 𝑙 + 𝛾𝑗,𝑙 𝑃 𝑜𝑝 𝑗 
orresponds to the gross flow of people between these two states that is

onsistent with the gross flow of goods between states 𝑙 and 𝑗 in the pre-

andemic steady-state. The bilateral 𝛾 ’s, as explained next, vary across

tates and are calibrated to match the movement of people across states

efore the pandemic. This functional form assumes that the number of

eople moving across regions is positively related to the trade-flows, as

mpirically validated in section A.1. When the gross flows are below

he pre-pandemic values, the number of people moving across states

eclines as well. Symmetrically, the number of people moving across

ocations is higher than pre-pandemic values only if gross trade flows

xceed the ones before the onset of the pandemic. 

This positive relationship between trade and mobility implies that

he expected number of infected people from region 𝑗 that a susceptible

erson in region 𝑙 may meet is proportional to the gross trade flows and

umber of infected people in region 𝑗. For a given level of gross trade

ows between states 𝑙 and 𝑗 at time 𝑡 , 𝐶̃ 𝑗,𝑙,𝑡 + 𝐶̃ 𝑙,𝑗,𝑡 , there is a flow of

gents from 𝑗 to 𝑙 of 𝛾𝑗,𝑙 𝑃 𝑜𝑝 𝑗,𝑡 

( 

𝐶̃ 𝑙,𝑗,𝑡 + ̃𝐶 𝑗,𝑙,𝑡 
𝐶̃ 𝑙,𝑗 + ̃𝐶 𝑗,𝑙 

) 

. Among these agents moving

rom 𝑗 to 𝑙, 𝛾𝑗,𝑙 𝐼 𝑗,𝑡 

( 

𝐶̃ 𝑙,𝑗,𝑡 + ̃𝐶 𝑗,𝑙,𝑡 
𝐶̃ 𝑙,𝑗 + ̃𝐶 𝑗,𝑙 

) 

are infected. So susceptible people in 𝑙

an randomly meet these infected agents. For the same level of gross

rade flows, 𝛾𝑙,𝑗 𝑃 𝑜𝑝 𝑙,𝑡 

( 

𝐶̃ 𝑙,𝑗,𝑡 + ̃𝐶 𝑗,𝑙,𝑡 
𝐶̃ 𝑙,𝑗 + ̃𝐶 𝑗,𝑙 

) 

agents move from 𝑙 to 𝑗. Among them

𝑙,𝑗 𝑆 𝑙,𝑡 

( 

𝐶̃ 𝑙,𝑗,𝑡 + ̃𝐶 𝑗,𝑙,𝑡 
𝐶̃ 𝑙,𝑗 + ̃𝐶 𝑗,𝑙 

) 

are susceptible and can meet randomly 𝐼 𝑗,𝑡 infected

gents in state 𝑗. Therefore, a susceptible agent in state 𝑙 can potentially

eet 

[ (
𝛾𝑙,𝑗 + 𝛾𝑗,𝑙 

)( 

𝐶̃ 𝑗,𝑙,𝑡 + ̃𝐶 𝑙,𝑗,𝑡 
𝐶̃ 𝑗,𝑙 + ̃𝐶 𝑙,𝑗 

) ] 
𝐼 𝑖,𝑡 infected agents from location 𝑗, which

ecreases as trade flows fall. 𝜋4 reflects the probability of becoming

nfected conditional on randomly meeting someone infected. 

.3. Optimization 

Mobility frictions across locations and sectors and the absence of

ny insurance mechanism against the risk of infection make the budget

onstraint location-sector-health specific. We assume that the budget

onstraint of an agent in region 𝑙, sector 𝑘 and health status 𝑏 ∈ { 𝑠, 𝑖, 𝑟, 𝑎 }
s: 

1 + 𝜏𝑐 
𝑙,𝑡 
) 𝑝 𝑙,𝑡 𝑐 𝑙,𝑡 + (1 + 𝜏𝑥 

𝑙,𝑡 
) 𝑝 𝑥 
𝑙,𝑡 
𝑥 
𝑏,𝑘 

𝑙,𝑡 
= 𝑤 

𝑘 
𝑙,𝑡 
𝜈𝑏 𝑛 

𝑘,𝑏 

𝑙,𝑡 
+ 𝑇 

𝑘,𝑏 

𝑙,𝑡 
(3)

here (1 + 𝜏𝑐 
𝑙,𝑡 
) 𝑝 𝑙,𝑡 𝑐 𝑙,𝑡 denotes the total cost of purchasing aggregate reg-

lar good 𝑐 𝑙,𝑡 in location 𝑙 and that is defined as 

1 + 𝜏𝑐 
𝑙,𝑡 
) 𝑝 𝑐 
𝑙,𝑡 
𝑐 𝑙,𝑡 = 

𝐿 ∑
𝑗=1 

(1 + 𝜏𝑐 
𝑙,𝑗,𝑡 

) ̃𝑝 𝑗,𝑡 ̃𝑐 𝑙,𝑗,𝑡 
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U

𝑏 determines the effective hours worked for different health states. We

et 𝜈 = 1 for the susceptible/asymptomatic and recovered people and

< 1 for infected (symptomatic) people. 𝜏𝑥 
𝑙,𝑡 

is the consumption tax on

ocial good and 𝜏𝑐 
𝑙,𝑗,𝑡 

is the tax rate in state 𝑙 of goods from region 𝑗. 𝑇 𝑏,𝑘 
𝑙,𝑡 

re location-sector specific transfers. We assume that the government

uns a balanced budget every period and rebates the revenues generated

n each location-sector to the workers of the same location-sector. Taxes

n foreign goods are rebated for both sectors in the state. 11 

Agents face a dynamic problem during the pandemic because their

onsumption and labor decisions impact the future probability of be-

oming infected. 12 In cases where they become infected, the agent faces

wo consequences. First, they have lower labor productivity, which

ranslates into less effective hours of work and, therefore, income. Sec-

nd, they face a positive probability of death and, therefore, forgone

tility. 

Susceptible/Asymptomatic People A susceptible person 𝑠 in loca-

ion 𝑙 in sector 𝑘 chooses consumption 𝑐 𝑘,𝑠 
𝑙 

and 𝑥 𝑘,𝑠 
𝑙 

and hours worked

 

𝑘,𝑠 

𝑙 
that solve the following optimization problem: 

 

𝑘,𝑠 

𝑙,𝑡 
= max 

{ 𝑐 𝑘,𝑠 
𝑙,𝑡 
,𝑥 
𝑘,𝑠 

𝑙,𝑡 
,𝑛 
𝑘,𝑠 

𝑙,𝑡 
} 
𝑢 ( 𝑐 𝑘,𝑠 

𝑙,𝑡 
, 𝑥 
𝑘,𝑠 

𝑙,𝑡 
, 𝑛 
𝑘,𝑠 

𝑙,𝑡 
) 

+ 𝛽

[(
1 − ℎ 𝑘 

𝑙,𝑡 

)
𝑈 

𝑘,𝑠 

𝑙,𝑡 +1 + ℎ 𝑘 
𝑙,𝑡 
𝑈 

𝑘,𝑖 

𝑙,𝑡 +1 

]
s.t. (3) (4) 

here, ℎ 𝑘 
𝑙,𝑡 

, the probability of becoming infected is defined in Eq. (2) .

e assume that susceptible people take as given aggregate variables

ut understand how their consumption and working decisions impact

heir probability of becoming infected. However, they don’t internalize

ow their decisions impact the aggregate variables, giving origin to an

nfection externality. An asymptomatic person has the same information

et as a susceptible person and therefore, behaves as such, solving the

ame optimization problem. Therefore, 𝑐 𝑘,𝑎 
𝑙,𝑡 

= 𝑐 
𝑘,𝑠 

𝑙,𝑡 
, 𝑥 𝑘,𝑎 

𝑙,𝑡 
= 𝑥 

𝑘,𝑠 

𝑙,𝑡 
and 𝑛 𝑘,𝑎 

𝑙,𝑡 
=

 

𝑘,𝑠 

𝑙,𝑡 
. 

Infected (Symptomatic) People We implicitly assume that the cost

f death is the foregone utility of life and that infected people do not

ose utility by infecting others. Therefore, infected people that are symp-

omatic solve the following problem: 

 

𝑘,𝑖 

𝑙,𝑡 
= max 

{ 𝑐 𝑘,𝑖 
𝑙,𝑡 
,𝑥 
𝑘,𝑖 

𝑙,𝑡 
,𝑛 
𝑘,𝑖 

𝑙,𝑡 
} 
𝑢 

(
𝑐 
𝑘,𝑖 

𝑙,𝑡 
, 𝑥 
𝑘,𝑖 

𝑙,𝑡 
, 𝑛 
𝑘,𝑖 

𝑙,𝑡 

)
+ 𝛽

[
(1 − 𝜋𝑟 − 𝜋𝑑 ) 𝑈 

𝑘,𝑖 

𝑙,𝑡 +1 + 𝜋𝑟 𝑈 

𝑘,𝑟 

𝑙,𝑡 +1 

]
s.t. 

(5) 

Recovered People The decisions of the recovered people are static

nd satisfy the following problem: 13 

 

𝑘,𝑟 

𝑙,𝑡 
= max 

{ 𝑐 𝑘,𝑟 
𝑙,𝑡 
,𝑥 
𝑘,𝑟 

𝑙,𝑡 
,𝑛 
𝑘,𝑟 

𝑙,𝑡 
} 
𝑢 

(
𝑐 
𝑘,𝑟 

𝑙,𝑡 
, 𝑥 
𝑘,𝑟 

𝑙,𝑡 
, 𝑛 
𝑘,𝑟 

𝑙,𝑡 

)
+ 𝛽𝑈 

𝑘,𝑟 

𝑙,𝑡 +1 s.t. 

.4. Equilibrium definition 

Given the initial labor allocations across sectors and

pace, 
{
𝑃 𝑜𝑝 𝑘 

𝑙 

}𝑘 ={ 𝑐,𝑥 } 
𝑙={1 , …,𝐿 } , and a sequence of taxes and transfers,

 

𝜏𝑐 
𝑙,𝑡 
, 𝜏𝑥 
𝑙,𝑡 
, 𝑇 𝑐 
𝑙,𝑡 
, 𝑇 𝑥 
𝑙,𝑡 

} 𝑙={1 , …,𝐿 } 

𝑡 ={1 , …, ∞} 
, the equilibrium consists of a set of prices,

 ̃𝑝 𝑐 
𝑙,𝑡 
, 𝑝 𝑥 
𝑙,𝑡 
, 𝑤 

𝑐 
𝑙,𝑡 
, 𝑤 

𝑥 
𝑙,𝑡 
} ∞
𝑡 =1 , and allocations, { 𝑐 𝑘,𝑏 

𝑙,𝑡 
, 𝑥 
𝑘,𝑏 

𝑙,𝑡 
, 𝑛 
𝑘,𝑏 

𝑙,𝑡 
} ∞
𝑡 =1 , for each sector,
11 Rebating foreign taxes solely to sector 𝑐 underperforms in terms of mitigating 

elfare losses. 
12 Although total regular consumption 𝑐, social consumption 𝑥 and total hours 

orked 𝑛 are chosen taking into consideration the dynamic component of the 

roblem, the allocation of the consumption of 𝑐 across goods produced in dif- 

erent locations is purely a static problem. Given the consumption aggregator 

efined in (1) , any agent in region 𝑙 at time 𝑡 in sector 𝑘 and health status 𝑏 

emands from region 𝑗: 𝑐 𝑘,𝑏 
𝑙,𝑗,𝑡 

= 
( 

(1+ 𝜏𝑐 
𝑙,𝑗,𝑡 

) ̃𝑝 𝑗,𝑡 
𝛼𝑙,𝑗,𝑡 (1+ 𝜏𝑐 𝑙,𝑡 ) 𝑝 

𝑐 
𝑙,𝑡 

) − 𝜖

𝑐 
𝑘,𝑏 

𝑙,𝑡 
. The price level for c-sector 

oods in city 𝑙 is given by (1 + 𝜏𝑐 
𝑙,𝑡 
) 𝑝 𝑐 
𝑙,𝑡 
= 
[ ∑𝐿 

𝑗=1 𝛼𝑙,𝑗,𝑡 
𝜖
(
(1 + 𝜏𝑐 

𝑙,𝑗,𝑡 
) ̃𝑝 𝑗,𝑡 

)1− 𝜖
] 1 

1− 𝜖

. 

13 The solutions to agents’ problem are contained in the Online Appendix. 
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 ∈ { 𝑐, 𝑥 } , and region, 𝑙 ∈ {1 , … , 𝐿 } , and health status, 𝑏 ∈ { 𝑠, 𝑖, 𝑎, 𝑟 } ,
hat solve the agents’ maximization problems and satisfy the goods and

abor markets clearing conditions defined as: 

∑
𝑘 ∈{ 𝑐,𝑥 } 

(
𝑆 𝑘 
𝑙,𝑡 
+ 𝜆

(
𝐼 𝑘 
𝑙,𝑡 
+ 𝑅 

𝑘 
𝑙,𝑡 

))
𝑋 

𝑘,𝑠 

𝑙,𝑡 
+ (1 − 𝜆) 𝐼 𝑘 

𝑙,𝑡 
𝑋 

𝑘,𝑖 

𝑙,𝑡 
+ (1 − 𝜆) 𝑅 

𝑘 
𝑙,𝑡 
𝑋 

𝑘,𝑟 

𝑙,𝑡 
= 𝑋 𝑙,𝑡 

∑
𝑗∈{1 , …,𝐿 } 

∑
𝑘 ∈{ 𝑐,𝑥 } 

(
𝑆 𝑘 
𝑙,𝑡 
+ 𝜆

(
𝐼 𝑘 
𝑙,𝑡 
+ 𝑅 

𝑘 
𝑙,𝑡 

))
𝐶̃ 
𝑘,𝑠 

𝑗,𝑙,𝑡 
+ (1 − 𝜆) 𝐼 𝑘 

𝑙,𝑡 
𝐶̃ 
𝑙,𝑖 

𝑙,𝑗,𝑡 

+ (1 − 𝜆) 𝑅 

𝑘 
𝑙,𝑡 
𝐶̃ 
𝑙,𝑟 

𝑙,𝑗,𝑡 
= 𝐶 𝑙,𝑡 (

𝑆 𝑥 
𝑙,𝑡 
+ 𝜆

(
𝐼 𝑥 
𝑙,𝑡 
+ 𝑅 

𝑥 
𝑙,𝑡 

))
𝑁 

𝑥,𝑠 

𝑙,𝑡 
+ (1 − 𝜆) 𝐼 𝑥 

𝑙,𝑡 
𝜈𝑖 𝑁 

𝑥,𝑖 

𝑙,𝑡 
+ (1 − 𝜆) 𝑅 

𝑥 
𝑙,𝑡 
𝜈𝑟 𝑁 

𝑥,𝑟 

𝑙,𝑡 
= 𝑋 𝑙,𝑡 ∕ 𝑍 

𝑥 
𝑙 (

𝑆 𝑐 
𝑙,𝑡 
+ 𝜆

(
𝐼 𝑐 
𝑙,𝑡 
+ 𝑅 

𝑐 
𝑙,𝑡 

))
𝑁 

𝑐,𝑠 

𝑙,𝑡 
+ (1 − 𝜆) 𝐼 𝑐 

𝑙,𝑡 
𝜈𝑖 𝑁 

𝑐,𝑖 

𝑙,𝑡 
+ (1 − 𝜆) 𝑅 

𝑐 
𝑙,𝑡 
𝜈𝑟 𝑁 

𝑐,𝑟 

𝑙,𝑡 
= 𝐶 𝑙,𝑡 ∕ 𝑍 

𝑐 
𝑙 

. Parameter values 

We calibrate the model at a weekly frequency and to the character-

stics of pre-pandemic US states. The decision to make a state-specific

odel is driven by the fact that most containment policies, such as lock-

owns and quarantines, are implemented at the state level. 

Section A.3 of the Online Appendix describes in detail the full cali-

ration. Here, we restrict most of our attention to the parameters related

o the spatial and SIR components. Specifically, we set the elasticity of

ubstitution across states, 𝜖, to 5 as estimated by Ramondo et al. (2016) .

he relative taste for goods of different states, 𝛼’s, are chosen to match

he share of imported goods from each state, using shipments data

etween-states from the 2017 Commodity Flow Survey. Given the as-

umed functional form, in the pre-pandemic equilibrium the number of

eople moving across states depends solely on 𝛾 ’s. Thanks to this prop-

rty of the model, we calibrate 𝛾 ’s to match the pre-pandemic mobil-

ty flows between any two pair states. These mobility flows are pinned

own using cell phone tracking data as in Couture et al. (2020) . Among

he smartphones that pinged in a given state on a certain day, this

ata reports the share of those devices that pinged in each of the other

0 states at least once during the previous 14 days. Since we want to

alibrate to the pre-pandemic equilibrium, we consider cross-state cell

hone data from January 20, 2020, to February 15, 2020. Specifically,

e set 𝛾 to the daily average for that period. For simplicity, we assume

hat the elasticity between gross flows of people and trade for any pair

f states is equal to 1. Data limitations prevent us from obtaining an

nbiased estimate of such elasticity. Nevertheless, we find an estimate

f 0.919 when we regress gross mobility flows on gross trade after con-

rolling for several covariates and state-fixed effects. The main economic

nd health outcomes are not very sensitive to an elasticity different from

. 

Regarding the labor supply, we set 𝜒 to 0.001275 and the Frisch

lasticity 𝜃 to 1 as in Eichenbaum et al. (2020) , which implies that all

gents in this economy work 28 per week in the pre-pandemic steady

tate. We estimate the state-sector productivities to match wages from

019 QCEW. This parameterization implies an average weekly income

f $58 , 000∕52 . We also set the weakly discount factor 𝛽 to be 0 . 965 1∕52 so
hat the average value of a life is 10.7 million dollars in the pre-epidemic

teady state, which is consistent with the economic value of life used by

S government agencies in their decisions process. 

Regarding the SIR parameters, we set the fraction of asymptomatic,

, to 0.3, we match the probability of death to 1% and assume that

8 is the average number of days to recover or die. Since the model

s weekly, we set 𝜋𝑑 + 𝜋𝑟 = 7∕18 and 𝜋𝑑 = 7 × 0 . 01∕18 . These values are

ithin the range of the estimates reported by the CDC. 14 To estimate

1 ,𝑙 , 𝜋2 ,𝑙 , 𝜋3 ,𝑙 and 𝜋4 ,𝑙 in Eq. (2) , we use a similar approach to that in

ichenbaum et al. (2020) . These parameters are jointly estimated to

atch different transmission rates across activities. Using data from

he Time Use Survey, we find that 18% and 30% of the time spent
14 https://www.cdc.gov/coronavirus/2019-ncov/hcp/planning- 

cenarios.html 

https://www.cdc.gov/coronavirus/2019-ncov/hcp/planning-scenarios.html
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c  

c  
n the general community is used for the purchase of “goods and ser-

ices ” and “eating and drinking outside, ” respectively. According to

erguson et al. (2006) , 33% of virus transmission is likely occur in the

eneral community; thus, we set the average number of infections orig-

nated by consumption of 𝑐 to 6% (0 . 33 × 0 . 18) and those originated by

he consumption of 𝑥 to 10% (0 . 33 × 0 . 3) . 17% of infections occur in the

orkplace with the largest share occurring in the social sector, as im-

licitly assumed by the functional form chosen in Eq. (2) . We also match

he state-level basic reproduction number,  0 ,𝑙 , at the beginning of the

andemic estimated by Fernandez-Villaverde and Jones (2020) . Finally,

o initialize the model, we take into consideration the heterogeneity in

he evolution of the pandemic across states. Specifically, we select each

tate’s initial infection rate, 𝜖0 ,𝑙 , to match the April 1, 2020, death rate

or New York, and the May 1, 2020, death rate for other states, such

hat 𝐷 𝑙, 0 = 𝜋𝑑 𝜖𝑙, 0 𝑃 𝑜𝑝 𝑙 . 

To sum up, 𝜋1 ,𝑙 , 𝜋2 ,𝑙 , 𝜋3 ,𝑙 and 𝜋4 ,𝑙 are chosen to satisfy 

𝜋1 ,𝑙 𝐶 
2 
𝑙 

𝐻 𝑙 

= 0 . 06 

𝜋2 ,𝑙 𝑋 

2 
𝑙 

𝐻 𝑙 

= 0 . 1 

3 

(
𝑃𝑜𝑝 𝑐 

𝑙 

𝑃𝑜𝑝 𝑙 

)(
𝑁 

𝑐 
𝑙 

)2 + 

(
𝑃𝑜𝑝 𝑥 

𝑙 

𝑃𝑜𝑝 𝑙 

)[(
𝑁 

𝑥 
𝑙 

)2 + 𝑁 

𝑥 
𝑙 
𝑋 𝑙 

]
𝐻 𝑙 

= 0 . 17 

 0 ,𝑙 = 

𝐻 𝑙 

𝐼 𝑙, 0 

𝜋𝑑 + 𝜋𝑟 

here 

 𝑙 = 𝜋1 ,𝑙 𝑋 

2 
𝑙 
+ 𝜋2 ,𝑙 𝐶 

2 
𝑙 
+ 𝜋3 ,𝑙 

( ( 

𝑃 𝑜𝑝 𝑐 
𝑙 

𝑃 𝑜𝑝 𝑙 

) (
𝑁 

𝑐 
𝑙 

)2 

+ 

( 

𝑃 𝑜𝑝 𝑥 
𝑙 

𝑃 𝑜𝑝 𝑙 

) [(
𝑁 

𝑥 
𝑙 

)2 + 𝑁 

𝑥 
𝑙 
𝑋 𝑙 

]) 

+ 𝜋4 ,𝑙 

( 

𝛾𝑙,𝑙 + 

∑
𝑗≠𝑙 

( 𝛾𝑙,𝑗 + 𝛾𝑗,𝑙 ) 
𝐼 𝑗, 0 

𝐼 𝑙, 0 

) 

 𝑙, 0 = 𝜖𝑙, 0 𝑃 𝑜𝑝 𝑙, 0 

All allocations and population refer to the pre-pandemic equilibrium.

Table A.2 of the Online Appendix reports the main parameters of the

odel that are common across locations. Table A.3, instead, reports key

ata moments used in the calibration and calibrated parameters that

ary across states, such as the calibrated initial infection rate, 𝜖𝑙, 0 , SIR

arameters in Eq. (2) and sector-specific productivities. Section A.5 of

he Online Appendix reports several robustness exercises in which we

ary key parameters. 

. Pandemic evolution and optimal policies 

This section analyzes the model mechanisms and the policy counter-

actuals. Section 4.1 reports the health and economic outcomes implied

y our calibrated model. Section 4.2 provides a series of optimal coun-

erfactual mitigation policies. 

.1. Understanding the model’s mechanisms 

In this section, we highlight the main mechanisms at play in our

odel and the role of interconnectedness. 15 Figure 4.1 shows the large

egree of heterogeneity across states in health and economic outcomes

enerated by the pandemic. Panels A and B present a map of cumulative

nfections and deaths as percentages of the initial population, respec-

ively. We find that the most affected states are hit three times more
15 In this section, we assume no policy intervention, 𝜏𝑐 
𝑙,𝑡 
= 𝜏𝑥 

𝑙,𝑡 
= 0 for any 𝑙 and 

 . 

o

o

6 
han the least affected ones, with the most affected states concentrated

n the Northeast. States with a larger number of cases and deaths per

apita have, on average, higher levels of population,  0 , and openness,

s we can see in Figure A.2 of the online appendix. State openness refers

oth to trade and to people’s mobility and it is defined as 

𝑝𝑒𝑛𝑛𝑒𝑠𝑠 𝑙,𝑡 = 

∑
𝑗≠𝑙 

( 𝛾𝑙,𝑗 + 𝛾𝑗,𝑙 ) 
𝐶̃ 𝑙,𝑗,𝑡 + 𝐶̃ 𝑗,𝑙,𝑡 

income 𝑙 
(6)

Panels C and D report the average decline in hours worked and con-

umption over the first two years relative to the pre-pandemic equilib-

ium, respectively. We find that the most affected states had a decline in

abor and consumption around two times larger than the decline in the

east impacted ones. 16 As shown in Figure A.3 of the online appendix,

tates with a larger drop of labor supply and consumption have, on av-

rage, higher levels of population and  0 but lower openness. Finally,

e find a positive relationship between health and economic outcomes.

n average, states with a larger number of cases also face a large drop in

conomic conditions. This analysis emphasizes the large degree of spa-

ial heterogeneity in the pandemic outcomes and points in the direction

f state-specific interventions. 

We now analyze the dynamics of health and economic outcomes and

how that interconnectedness plays an important role in shaping the

volution of the pandemic. Figure 2 shows the number of cumulative

ases and deaths as a percentage of the initial population, as well as

he hours worked and consumption per-capita in percentage deviation

rom the pre-pandemic equilibrium. We report these outcomes for the

Baseline ” economy (solid red line) and a fictitious US economy without

rade and geographic mobility, denoted by “Isolated Economy ” (dashed

lue line). The top panel reports the results for the evolution of infec-

ions at the aggregate level in the first column, and for New York, Ohio

nd South Carolina in the second, third, fourth columns, respectively.

hese three states represent extreme cases of high, medium and low ini-

ial infection level and population size. In row one, we find a 0.6 p.p.

ifference in the peak of infection rates between the baseline US econ-

my and the isolated one. The plots for the three states separately show

hat the largest differences are generated in Ohio and South Carolina,

hile there are nearly zero differences between models for New York.

imilarly, in the second row, we show the evolution of deaths over time.

he baseline US economy produces approximately 146,200 more deaths

han the isolated one. 

By analyzing the three graphs on the right, we find that the largest

verall death toll occurs in New York with similar values under both

conomies. In contrast, we find larger differences for Ohio and South

arolina, where interconnectedness generates 0.03 and 0.15 p.p. more

eaths per capita, respectively. Overall, interconnectedness impacts rel-

tively more states with lower  0 and smaller populations, as these

tates, like South Carolina, import relatively more infections per capita.

n large states, like New York, the propagation of the disease within-state

s very large, so the number of imported cases is much less relevant in

elative terms. 

Rows three and four of Fig. 2 report the evolution of hours worked

nd consumption per-capita in percentage deviation from the pre-

andemic steady state, respectively. Individuals voluntarily contract

onsumption and labor supply as the virus spreads to mitigate the prob-

bility of becoming infected. We find that labor supply and consumption

rop the most around the time of the infection peak. The peak drops in

abor supply and consumption at the aggregate level are, respectively,

.83 p.p. and 2.49 p.p. smaller in the US economy where states are not

onnected. When we compare the average decline in hours worked and

onsumption 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 

utlier. DC has a degree of openness that is five times larger than the degree of 

penness 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. 
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18 
onnection exacerbates the drop by 0.64 p.p. and 0.55 p.p., respectively,

s reported in Table 1 . 

At the state level, we observe that New York displays the largest drop

n labor supply and consumption, followed by Ohio and South Carolina.

n New York, we find almost no difference between an isolated and in-

erconnected economy while the largest differences are displayed for

outh Carolina. In the connected case, the drop in labor supply and con-

umption in South Carolina occurs earlier and to a greater extent than

n an isolated economy. The endogenous decline in economic activity

nduced by the pandemic generates a decline in the degree of openness.

he drop in demand leads to less trade between states and consequently

 decline in people’s mobility. For the US as a whole, openness declines

t the peak by almost 10.94% and 3.58% on average during the first

wo years of the pandemic. The larger the state and the initial  0 the

arger the endogenous decline in openness. At the peak of the pandemic,

penness reduces 22.68% in New York. 

Table 1 , besides reporting some key statistics for the baseline and

solated-states models for the US as a whole, also reports the same statis-

ics for a model without behavioral responses. In a model without behav-

oral response, agents do not adjust labor and consumption when they

bserve the infection rate going up. 17 The lack of adjustment in labor

nd consumption generates significantly more cases and deaths, which
17 For the non-behavioral economy, we assume that labor and consumption 

emain fixed at the pre-pandemic equilibrium for all health statuses during the 

ntire pandemic. 

a

g

𝑡∑
7 
uggests that taking into account the endogenous response to the health

utcomes of the pandemic is crucial to analyze optimal policies. Regard-

ng welfare losses 18 , reported in the last column of Table 1 , we find that

he three models generate substantial welfare losses, mostly driven by

ost lives. This is well illustrated in the non-behavioral economy case,

n which, despite the US economy remaining pretty close to the pre-

andemic equilibrium, the overall welfare drops around 0.512%, driven

y the loss of 1.44 million lives. Although the US economy contracts

ore in the baseline case, welfare drops by approximately 0.49%. Wel-

are losses would be smaller in an isolated US economy because health

nd the economy are less impacted. 

In section A.5 of the Online Appendix, we perform several robustness

xercises. We analyze how the course of the pandemic and economic

utcomes change for different values of the household discount fac-

or, productivity loss while infected, mortality rate, the share of asymp-

omatic and basic reproduction number,  0 . We also consider the pos-

ibility that symptomatic infected people are forced or voluntarily de-

ide to stay home. Staying-home prevents agents from consuming so-

ial goods and traveling, but they can consume regular consumption
Welfare is defined as the average lifetime utility of all 

gents in the economy. In the pre-pandemic period, it is 

iven by 𝑈 𝑝𝑟𝑒 = 
∑𝑙= 𝐿 

𝑙=1 

[
𝑃 𝑜𝑝 𝑐 

𝑙,𝑝𝑟𝑒 
𝑈 𝑐 
𝑙,𝑝𝑟𝑒 

+ 𝑃 𝑜𝑝 𝑥 
𝑙,𝑝𝑟𝑒 

𝑈 𝑥 
𝑙,𝑝𝑟𝑒 

]
. At the time 

 = 0 , when the pandemic hits, welfare is given by 𝑈 0 = 
𝑙= 𝐿 
𝑙=1 

[
𝑆 𝑐 
𝑙, 0 𝑈 

𝑐,𝑠 

𝑙, 0 + 𝑆 
𝑥 
𝑙, 0 𝑈 

𝑥,𝑠 

𝑙, 0 + 𝜆𝐼 
𝑐 
𝑙, 0 𝑈 

𝑐,𝑎 

𝑙, 0 + 𝜆𝐼 
𝑥 
𝑙, 0 𝑈 

𝑥,𝑎 

𝑙, 0 + (1 − 𝜆) 𝐼 
𝑐 
𝑙, 0 𝑈 

𝑐,𝑖 

𝑙, 0 + (1 − 𝜆) 𝐼 
𝑥 
𝑙, 0 𝑈 

𝑥,𝑖 

𝑙, 0 

]
. 
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Fig. 2. Dynamic Impact of COVID-19 Crisis. 
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19 After period 𝑇 , all rates are set to 0. 
20 Note that at the initial period, there are no deaths or recovered people. 
oods that are delivered without virus transmission. This case reduces

he severity of the pandemic and implies different optimal policies that

re also discussed in section A.6 of the Online Appendix. 

.2. The geography of optimal containment policies 

In this section, we analyze and compare within-state and between-

tate containment policies. Since agents are atomistic, they don’t inter-

alize the impact of their behavior on the disease transmission. There-

ore, the competitive equilibrium is not Pareto Optimal and there is

oom for government intervention. The social planner maximizes the

ocial welfare in the entire country by imposing a set of tax instruments

hat constrain economic activity and disease dynamics. The social plan-

er can choose a sequence of consumption tax rates that can vary across

ectors and states. Specifically, for each state 𝑙, the social planner can

ax consumption of social goods, 𝜏𝑠 
𝑙,𝑡 

, own-state regular good, 𝜏𝑐 
𝑙,𝑡 

, and

egular goods imported from each of the other states, 
{ 

𝜏𝑐 
𝑙,𝑗,𝑡 

} 

𝑗≠𝑙 
for 𝑇 
8 
eriods. 19 The aggregate social welfare, 𝑈 0 , is defined as a weighted

verage of the lifetime utility of the different agents in each health sta-

us: 20 

 0 = 

𝑙= 𝐿 ∑
𝑙=1 

[
𝑆 𝑐 
𝑙, 0 𝑈 

𝑐,𝑠 

𝑙, 0 + 𝑆 𝑥 
𝑙, 0 𝑈 

𝑥,𝑠 

𝑙, 0 + 𝜆𝐼 𝑐 
𝑙, 0 𝑈 

𝑐,𝑎 

𝑙, 0 + 𝜆𝐼 𝑥 
𝑙, 0 𝑈 

𝑥,𝑎 

𝑙, 0 

+ (1 − 𝜆) 𝐼 𝑐 
𝑙, 0 𝑈 

𝑐,𝑖 

𝑙, 0 + (1 − 𝜆) 𝐼 𝑥 
𝑙, 0 𝑈 

𝑥,𝑖 

𝑙, 0 

]

𝑈 

𝑘,𝑏 

𝑙, 0 is the lifetime utility at time 0 (beginning of the pandemic) of

n agent with health status 𝑏 in each state 𝑙 and sector 𝑘 . Those are the

olution to the optimization problems (4) and (5) given the sequence of
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Fig. 3. Optimal Within-State Containment Policy. 
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ax rates imposed by the government. We assume that the social planner

bserves the true health status of each individual. 21 

If we consider 𝑇 = 250 , it would imply a choice of 451,500 parame-

ers, which is computationally very challenging. Therefore, we approxi-

ate the optimal time paths by a generalized logistic function of time: 22 

( 𝑡 ) = 𝜅1 
𝜅2 𝜅3 𝑒 

𝜅3 ( 𝑡 − 𝜅4 ) [
1 + 𝑒 𝜅3 ( 𝑡 − 𝜅4 ) 

]1+ 𝜅2 
𝜅1 determines the highest level of the mitigation and 𝜅2 its persis-

ence, 𝜅3 controls mitigation in the earlier periods and 𝜅4 determines

he period with the highest mitigation policy. 
21 To solve this Ramsey problem, we guess a sequence of tax rates and solve 

or the competitive equilibrium. We then evaluate the social welfare function 

nd iterate on this sequence until we find the optimum set of tax rates. 
22 We consider alternative functional forms, but they under performed com- 

ared to this one. 

s

a

n

r

9 
Below we study and compare different optimal containment policies

ith different characteristics. We first consider policies that focus on

ithin-state consumption behavior, denominated within-state policies.

econd, we study a policy that targets trade flows and mobility across

egions, called the between-state policy. Finally, we look at the opti-

al policy that combines both within and between-state policies. We

onsider both the cases in which policies are equally implemented ev-

rywhere and policies that vary across states. The local policy consists of

tate-specific consumption taxes on social and regular consumer goods.

egular goods are taxed equally regardless of their origin. The national

olicy imposes the same tax rate in all the states, but it can vary across

ectors. 23 
23 To be more specific, a national policy imposes 𝜏𝑠 
𝑙,𝑡 
= 𝜏𝑠 

𝑗,𝑡 
= 𝜏𝑠 

𝑡 
, 𝜏𝑐 

𝑙,𝑡 
= 𝜏𝑐 

𝑗,𝑡 
= 𝜏𝑐 

𝑡 

nd ̃𝜏𝑐 
𝑙,𝑗,𝑡 

= 𝜏𝑐 
𝑡 

for any states 𝑙 and 𝑗. Regarding the local policies, the social plan- 

er maximizing the aggregate welfare of the country can choose different tax 

ates for different states. 
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24 The green line reports the optimal policy combining local within- and 

between-state containment rules. This policy is discussed later. 
Optimal Within-State Containment Policy In this section, we an-

lyze the impact of the optimal local and national within-state poli-

ies. These policies only impact the consumption produced within

he state. Specifically, we impose 𝜏𝑐 
𝑙,𝑙 

≥ 0 , 𝜏𝑥 
𝑙 
≥ 0 and 𝜏𝑐 

𝑙,𝑗 
= 0 if 𝑙 ≠ 𝑗.

igure 3 shows the tax path and the evolution of health and economic

utcomes under national and local optimal within-state containment

olicies. Table A.5 of the Online Appendix reports some key health and

conomic results associated with these policies as well for all the other

olicies discussed in this section. 

The top-left panel shows the optimal national tax rates for sectors 𝑥

nd 𝑐. The other three plots of the first row show the local tax rates for

ew York, Ohio and South Carolina, respectively. First, we find that tax-

ng 𝑐 is not optimal under both policies. Second, under the local policy,

he maximum tax rate of the social sector varies across states and is pos-

tively related to the severity of the pandemic in each state. States with

 higher death toll face higher tax rates. Third, the timing of the peak of

he containment policy also varies across states and closely follows the

volution of cases across states. 

The second and third rows of Fig. 3 report the evolution of infec-

ions and cumulative deaths. We find lower infection and death rates

nder both optimal policies than in the baseline, but a local policy

an save more lives than the national one. Overall, we find that the

ocal policy would reduce the number of overall deaths by 257,500,

hile a national policy would mitigate the death toll by 215,300. The

argest improvement in death rates by imposing local or national poli-

ies would come from states with a smaller population and lower initial

eproduction number,  0 , as Ohio and South Carolina. In New York,

ven though the optimal policy reduces slightly the infection peak, the

igh initial  0 prevents policies from significantly reducing the death

ate. 

Rows four and five reports the evolution of labor and consumption,

espectively. Both policies generate a larger drop in hours worked and

onsumption than in the baseline US economy. At the aggregate level, lo-

al policy amplifies the peak drop in hours worked and consumption by

0.97 p.p. and 6.14 p.p., respectively, relative to the baseline US econ-

my with no intervention. Differences are even higher when we look at

he average drop during the first two years of the pandemic. Since these

olicies do not directly target the movement of people and goods across

tates, the level of openness increases relative to the US economy with-

ut containment policies, as people substitute away from social goods to

egular consumption goods. This effect is quite substantial. For the over-

ll US economy, at the peak of the pandemic, openness is around 4 p.p.

igher when local policies are in place. This difference is more salient in

tates where the pandemic hits less hard, like Ohio and South Carolina.

ocal policy amplifies the peak drop in hours worked and consumption

y 1.27 p.p. and 1.15 p.p. relative to the national policies. 

The differential impact of within-state policies is more pronounced

n states like Ohio and South Carolina. This is mainly explained by the

iming of the different optimal local policies. As previously mentioned,

he maximum tax level is reached at a different time across states, a key

argin through which state-specific optimal policies operate. Specifi-

ally, local tax rates on 𝑥 closely follow the evolution of cases in each

tate. While cases are low, the tax rate is low and increases as the number

f cases and deaths go up. The maximum value of the optimal policy oc-

urs when the state reaches its peak. The optimal policy slows down the

ourse of the pandemic as the infection peak occurs weeks later than it

ould in a connected US economy without containment policies. There-

ore, a homogeneous policy across states would impose a lockdown too

ate in some states and too early in others. This result stresses that a pre-

ature lockdown can be economically very costly with little benefits in

educing the death toll. 

The comparison between local and national policies reflects the key

rade-off of the model. The social planner choices induce a drop in con-

umption, labor supply and mobility until the point where the welfare

osses generated by this more severe recession are more than compen-

ated by the welfare gains of saved lives. Local and national policies
10 
ave very similar impacts on economic terms, however, local policies

ave a significantly higher number of lives. 

Optimal Between-State Containment Policy We now study the op-

imal containment policy that restricts the movement of goods and peo-

le across states. This policy consists of taxing goods from other states,

hich translates into lower trade flows, lower mobility of individuals

nd lower spatial infection diffusion. The blue line in Fig. 4 reports the

volution of health and economic outcomes under this between-state tax

lone. Specifically, we impose 𝜏𝑐 
𝑙,𝑙 

= 𝜏𝑥 
𝑙 
= 0 and 𝜏𝑐 

𝑙,𝑗 
≥ 0 if 𝑙 ≠ 𝑗. The red

ine reports the baseline US economy and the yellow line the outcomes

nder the optimal local within-state tax policy previously analyzed. 24 

The middle graph of the first row plots the optimal between-state

ontainment policy. The social planner finds it optimal to tax foreign

oods but at a much lower rate than social goods under the within-state

olicy. As the optimal local tax on service goods closely follows the

nfection cases at the state level, this local between-state policy does

he same. The right graph displays an optimal policy that takes into

ccount a local and a between state (or foreign tax) instrument, a case

hat we will discuss later. 

As reported in row three, the optimal between-state tax rate alone

nduces a higher death toll than the local within-state policy. A between-

tate tax alone reduces the overall death toll as a percentage of the ini-

ial population by about 0.04 p.p., while the local within-state policy

educes it by 0.09 p.p. This policy brings relatively larger gains to South

arolina, the most affected state by interconnectedness among these

hree. This occurs because between-state tax directly impacts the degree

f openness of the state, as this tax reduces foreign demand, trade-flows

nd consequently the movement of people and infection diffusion across

pace. Specifically, it induces an extra reduction in cross-state mobility

f 50.51 p.p. at the peak and 34.88 p.p. on average during the first two

ears of pandemic compared with the US economy without containment

olicies. Not surprisingly, this policy generates a larger decrease in mo-

ility compared with the baseline case in states that import relatively

ore infected cases, such as South Carolina. 

This optimal between-state policy generates fewer economic losses

er life saved as hours worked and consumption decline substantially

ess than under the within-state policy. However, this policy alone can-

ot save as many lives as other policies. In other words, to save a similar

umber of lives as the local within-state policy, the between-state pol-

cy would induce such a large economic recession that the welfare losses

ould overcome significantly the welfare gains of lives saved. This pol-

cy targets movement of goods and people across regions, but disease

preads within states even if borders are completely closed. Although

he reduction in trade flows attenuates infection diffusion internally, a

olicy that does not consider the social good sector faces limitations in

he number of deaths that it can avoid. We find that all tax rates follow

ery similar patterns. When analyzing the health dynamics of the pol-

cy, we find that the optimal overall policy would reduce infection peak

y 1.48 p.p. compared with the baseline with gains happening across

tates. 

Optimal Within & Between State Containment Policy We now

nalyze the case where the social planner can jointly choose the optimal

ombination of local within- and local between-states consumption tax

ates. The optimal tax paths for New York are reported in the third graph

f the first row of Fig. 4 . We find that all tax rates follow very similar

atterns. When analyzing the health dynamics of the policy, we find

hat the optimal overall policy would reduce infection peak by 1.48 p.p.

ompared with the baseline with gains happening across states. 

Similarly, the death toll would decrease by 289,300 lives compared

ith the baseline and 31,800 lives compared with the local within-state

olicy. These saved lives are followed by a stronger economic drop. The

ptimal policy would lead to a peak drop in hours worked and consump-
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Fig. 4. Optimal Between-State and Overall Policy. 
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ion of 28.67% and 25.80%, respectively. Over the first two years of the

andemic, the optimal policy would amplify the drop in hours worked

nd consumption relative to the US economy with no intervention in

4.77 and 12.59 p.p., respectively. Mobility and trade flows would drop

pproximately 25.97% at the peak and 15.70% on average over the first

wo years of the pandemic. These results suggest that despite some sub-

titutability between within- and between-state policies, they mainly

ackle different issues. While between-state policies can attenuate the

andemic by limiting the number of cases imported, it alone is not able

o substantially mitigate the pandemic. Once cases are already within

he state, only within-state policies can be effective. Table A.5 in the On-

ine Appendix summarizes the main outcomes of the different policies

nalyzed. The same table also reports the policy implications when we

onsider the case in which symptomatic people are forced or voluntarily

tay home while infected. 
11 
Welfare Comparisons Table 2 reports the welfare losses attributable

o the pandemic comparing different models and mitigation policies. Re-

arding within-state policies, we find that the optimal national within-

tate containment policy would ameliorate welfare losses by 0.071 p.p.

hile the optimal local level one would improve it by 0.086 p.p.. These

esults highlight that a policy that resembles a state-specific lockdown

orks better than a national lockdown. The key dimension through

hich this happens is time flexibility. We, then, report the welfare ef-

ect of a between-state tax on consumption that is either homogeneously

nationally) or heterogeneously (locally) applied across states. The wel-

are improvement is more modest, approximately 0.039 and 0.044 p.p.,

or both national and local policies, respectively, showing that the best

etween-state optimal policy alone would not have the same welfare

ffects as a local within-state consumption tax. Moreover, a national

ithin-state lockdown is better than a simple local between-state policy.
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Table 2 

Welfare Impact of the Pandemic. 

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% 
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inally, when the planner is allowed to choose the optimal combination

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

elative to the optimal within-state policy. We find that this policy ap-

lied at national and local levels would mitigate the welfare losses by

.094 p.p. and 0.119 p.p., respectively. 

We conclude that the optimal policy is a combination of local within-

tate and between-state policies since this policy is the one that mitigates

elfare losses induced by the pandemic the most, among all the policies

onsidered. This policy is associated with the largest number of lives

aved, which comes at the expense of a more severe recession when

ompared to the second-best policy, a local within state policy. This

esult highlights the trade-off between economic and health outcomes

hat is a distinct characteristic of this crisis. 

. Conclusions 

We highlight how interconnectedness amplifies the severity of pan-

emics. We find that if the US was constituted of isolated states, there

ould be approximately 146,200 fewer deaths and the peak of con-

umption drop would be attenuated by approximately 2.5 p.p. There-

ore, we stress that the optimal containment policy must take into ac-

ount interconnectedness and consider policies that temporarily limit

he movement of people and goods across US states. Our results also

how that state-level policies rather than national ones are more effec-

ive in reducing the death toll with lower economic costs. We find that

he optimal policy combines within and between-state restrictions and

t saves approximately 289,300 lives. This optimal policy induces a very

arge and long recession and a significant reduction in mobility across

tates, which reflects the strong tension between economic and health

utcomes present in our framework. 

Our quantitative framework constitutes a benchmark that can be

dapted and extended to analyze future infectious events. A promis-

ng application of this framework consists of the study of the optimal

raveling restriction policies among countries in mitigating the spread

f pandemics. Finally, understanding whether pandemics have conse-

uences on globalization by reducing trade and movement of people for

ong periods is a long-term goal of this research agenda. 

upplementary material 

Supplementary material associated with this article can be found, in

he online version, at 10.1016/j.jue.2021.103373 . 
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