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Abstract

This paper studies lockdown policy in a dynamic economy without government commit-

ment. Lockdown imposes a cap on labor supply, which improves health prospects at the cost

of economic output and consumption. A government would like to commit to the extent of

future lockdowns in order to guarantee an economic outlook that supports efficient levels of

investment into intermediate inputs. However, such a commitment is not credible, since invest-

ments are sunk at the time when the government chooses a lockdown. As a result, lockdown

under lack of commitment deviates from the optimal policy. Rules that limit a government’s

lockdown discretion can improve social welfare, even in the presence of noncontractible infor-

mation. Quantitatively, lack of commitment causes lockdown to be significantly more severe

than is socially optimal. The output and consumption loss due to lack of commitment is greater

for higher intermediate input shares, higher discount rates, higher values of life, higher disease

transmission rates at and outside of work, and longer vaccine arrival times.
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1 Introduction

The COVID-19 pandemic brought about a great rise in both epidemiological and policy uncer-

tainty.1 In response to the pandemic, governments across the world implemented lockdown poli-

cies to limit the spread of infections. In numerous cases, these policies were first scheduled to end

in the near future and then were extended. For instance, New York Governor Andrew Cuomo im-

posed a statewide stay-at-home order on March 22, 2020, with an initial end date of April 19. This

lockdown was later extended, first until April 29 and then until May 15. While several restrictions

were further extended on May 15, Cuomo also presented a clear contingency plan with criteria

for lifting restrictions in the future.2 Elsewhere, the discretion to extend lockdowns was limited

by decree. For example, on September 25, 2020, Florida Governor Ron DeSantis announced a

lower limit of 50 percent on allowed restaurant capacity, regardless of local restrictions. The stated

goal of this lower limit was to reduce future lockdown policy discretion by local governments.3

Similar lockdown extensions, rules for lifting them, and restrictions on future lockdowns were

implemented by many other regional and national governments.

As is evident from these examples, lockdown policies create additional uncertainty over and

above that posed by epidemiological factors. Such uncertainty affects businesses that need to

make forward-looking investments subject to sunk costs. Common examples of sunk costs include

airlines maintaining their fleet, hotels deciding how many employees to retain on payroll, and

restaurants placing inventory orders ahead of reopening. Because these investments are forward

looking, lockdown policies dynamically impact current economic activity through businesses’ ex-

pectations of their government’s plans for reopening.

To formalize these dynamics, in this paper, we study the role of government commitment

1For example, Baker et al. (2020) find that the onset of the pandemic led to a fourfold increase in their Economic
Policy Uncertainty index, which reached its highest value on record. Using text analysis of earnings conference calls,
Hassan et al. (2020) track firm-level risks and sentiments due to government-related and other factors. A report by
McKinsey & Company concludes that “lockdowns also cause uncertainty to remain high” and that “this uncertainty is
paralyzing” (Smit et al., 2020).

2The New York Forward initiative lays out a detailed guide to reopening businesses, sending people back to work,
and allowing social gatherings.

3In an essay published in the Wall Street Journal, DeSantis pleaded the case for policy commitments to preserve
government credibility:

Perhaps most damaging to public trust was the public-health campaign urging “15 Days to Slow the
Spread.” This short-term mitigation, we were told, was necessary to buy time to prepare hospitals for
any patient surges. But that reasonable aim was soon transformed into a lockdown-until-eradication
approach that left no end in sight for most Americans. Going from “save the hospitals” to “zero Covid”
represents one of the greatest instances in history of moving the goal post. (DeSantis, 2021)
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in designing lockdown policy. We consider a dynamic economy that embeds sequential govern-

ment policy decision-making into a general SIRD model of pandemics (Kermack and McKendrick,

1927; Ferguson et al., 2020). Each period, firms invest in intermediate inputs before the govern-

ment chooses a lockdown policy and workers supply labor. A lockdown imposes an upper bound

on labor supply, limiting disease spread at the cost of economic activity. Our framework is gen-

eral and subsumes key mechanics of many macroeconomic SIRD models in the literature with

lockdown or disease-mitigation policies.4 A key feature of our model is that investment in inter-

mediate inputs is determined before a lockdown policy is chosen. We think of this as capturing

the kinds of investments that businesses make in maintenance, employee retention, and inventory

while anticipating the ensuing trajectory of lockdown policies during a pandemic. Through the

forward-looking nature of investment, current economic activity depends on firms’ expectations

of future lockdown policy.

Lockdowns induce both health benefits as well as output and consumption costs. In our model,

lockdown reduces contemporaneous disease spread during a pandemic, which evolves according

to a modified SIRD model. At the same time, through two channels, output and consumption

decrease with the intensity of the lockdown. First, they decrease statically, as labor supply is

directly curbed by the lockdown. Second, they decrease dynamically through lower investment

in anticipation of lower future marginal returns to investment resulting from future lockdown.

Under government commitment, the optimal lockdown policy equates its marginal health benefits

with the output and consumption costs.

Our main result concerns the effect of a government’s lack of commitment on optimal lock-

down policy. A government would like to commit to limit the extent of future lockdowns in

order to support more optimistic firm expectations in the present. However, such a commitment

is not credible, since investment decisions are sunk when the government decides on future lock-

downs. Faced with a sunk investment, a government without commitment wants to impose a

more stringent lockdown relative to the optimal policy under commitment, because it does not

fully internalize the associated reduction in returns to investment in intermediate inputs. Firms

rationally foresee the government’s lack of commitment, causing them to invest less than they

would in anticipation of the policy under commitment. Through this mechanism, lack of commit-

4See Alvarez et al. (2020), Atkeson (2020a,b), Berger et al. (2020), Chari et al. (2020), and Eichenbaum et al. (2020a,b),
among others.
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ment distorts the efficient levels of investment and therefore output and consumption associated

with lockdown policy.

In light of this time inconsistency problem, we study how a government can improve the

efficiency of lockdown policy by committing ex-ante to a contingent plan that depends on the

evolving health state. We show that an ex-ante rule that imposes state-contingent limits on future

lockdown severity can attain the efficient allocation.

We extend the model to a setting in which additional information arrives during a lockdown.

Examples of such information include estimates of disease mortality, the state of the economy,

the medical system’s capacity, or progress on vaccine development. Some of this information

may be relevant for the payoffs and costs of lockdown policy. If this information is a contractible

part of the state space, we show that it continues to be the case that an ex-ante rule that imposes

state-contingent limits on future lockdown severity can attain the efficient allocation. Moreover,

even if this information is not contractible—so that policy flexibility is valuable—rules that limit

lockdown severity increase social welfare. This is because it is always socially beneficial on the

margin to prevent excessive future lockdowns as a means of raising investment in the present.

These results provide a theoretical justification for the social benefits of mandated limits on

future lockdowns, such as those implemented by some state governments in the United States.

It is important to note that our analysis does not imply that lockdowns are harmful. In fact,

reducing or lifting the lockdown is detrimental if the associated health costs exceed the economic

gains. However, committing to limiting future lockdowns is beneficial if the economic gains from

stimulating investment toward its efficient level exceed the health costs.5

In a quantitative exercise, we use a calibrated version of our model to show that lack of com-

mitment leads to an overly severe lockdown, with significant output and consumption losses

compared with those of the policy under commitment. We show that the output and consump-

tion losses are greater for higher discount rates, higher values of life, higher disease transmission

rates, higher intermediate input shares, and longer vaccine arrival times. Our findings suggest

that optimal policy commitments to limit lockdown would result in a significant reduction of out-

5Naturally, there are other reasons why a government may choose inefficiently lax lockdowns. Our model abstracts
from policy biases involving insufficient degrees of lockdowns by assuming that policies are chosen by a rational and
benevolent government that maximizes long-run social welfare. This assumption may be violated if political economy
considerations lead the government to overweigh immediate economic gains relative to future health costs of relaxing
a lockdown, akin to the mechanism in Aguiar and Amador (2011). The mechanism we highlight in our paper would
act against political economy considerations that lead to departures from the assumption of a benevolent government.
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put and consumption losses during a pandemic.

Related literature. This paper relates to the nascent literature on optimal policy in a pandemic

and, in particular, to the work of Alvarez et al. (2020), Atkeson (2020a,b), Berger et al. (2020), Chari

et al. (2020), and Eichenbaum et al. (2020a,b). This literature focuses on the optimal design of

government policy, including the timing and intensity of lockdowns, under the assumption that

the optimal policy can be enforced at all dates and under all contingencies. Our work highlights

that such analyses omit an important aspect of lockdown design—namely, that the optimal policy

may be hard to enforce because of issues of time inconsistency. What distinguishes our approach

is the focus on the value of government commitment to lockdown policy and the optimal design

of rules that limit government discretion.6

That prior work on policy responses to a pandemic has ignored issues of time inconsistency

is perhaps surprising, given the parallel insights from an older literature that studies government

commitment in the context of capital taxation. This body of work includes the important contri-

butions by Kydland and Prescott (1980), Chari and Kehoe (1990), Klein et al. (2008), Aguiar et al.

(2009), and Chari et al. (2019). As it does in the previous work on capital taxation, in our model

lack of commitment reduces economic activity by distorting investment. Relative to this literature,

our work incorporates two new insights that are central to the context of pandemics. First, a lock-

down distorts investment not directly via capital taxation but indirectly by lowering the marginal

returns to investment through a cap on labor supply. Since lockdown distorts labor, in a way

similar to how a labor income tax does, our work more broadly highlights the existence of a time

consistency problem that would arise in a model of labor taxation with endogenous labor supply

and capital: A government distorting labor ex-post does not internalize the ex-ante effect on deci-

sions by investors. A second difference relative to the capital taxation literature is that investment

distortions from lockdown serve not to relax the government budget constraint but instead to im-

prove the future health state. Since this health state is not static but evolves according to an SIRD

model, the tradeoff faced by the government is not static but dynamic, and the time inconsistency

problem evolves over time.7

6Complementary to our focus on public commitment, Chari et al. (2021) study the role of private commitment in an
island economy with local externalities.

7An additional technical complication arises in the present context: The value of a given health state in our model
cannot be represented by a univariate, concave function, as in a typical model of optimal fiscal policy. Therefore, the
usual methods for comparative statics do not apply here. Instead, we characterize the time inconsistency of optimal

5



Our analysis of rules for lockdown policy in the presence of noncontractible information re-

lates to a growing literature on commitment versus flexibility in macroeconomics (Athey et al.,

2005; Amador et al., 2006; Halac and Yared, 2014, 2018; Moser and Olea de Souza e Silva, 2019).

Prior work in this area has focused on rules for either savings or monetary and fiscal policy. Our

work adds to this literature and to a growing number of papers on the economics of pandemics—

specifically, the theoretical analysis of optimal lockdown policy. Our result that rules can strictly

increase social welfare, even if flexibility is valuable, is reminiscent of similar insights in the con-

text of savings or fiscal and monetary policy. However, our results do not directly follow from

the methods developed in prior work, which rely on stronger assumptions on the utility function

and the information structure than the ones we require in our setting. By extending these insights

and applying them to optimal lockdown design, we highlight an overlooked aspect of the debate

around lockdown policy during pandemics.

2 Model

We consider a general infinite-horizon model of an economy during a pandemic. Each period

has four stages. First, firms make a costly and irreversible investment in intermediate inputs that

enhances future productivity (e.g., expenses related to maintenance, personnel, inventory, rent,

utilities, overheads, software licenses, and marketing). Second, after the investment is under-

taken, the government chooses a lockdown policy, which imposes a cap on labor supply, thereby

inhibiting disease spread while reducing economic output and consumption. Third, production

takes place, and all proceeds are paid to firms and workers. Fourth and finally, the pandemic

evolves according to an SIRD model of disease spread, which depends on the lockdown policy.

A key feature of our model is that investment is determined before lockdown policy is chosen.

We think of this feature as capturing the fact that business purchases of irreversible inputs must

be made in advance of production and in anticipation of future policies. We will explore the im-

plications of this sequencing of investment and lockdown decisions for the optimal policy under

commitment compared with that under lack of commitment.

lockdown policy under weak assumptions on the economic environment and the SIRD model of disease dynamics.
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2.1 Economic Environment

Periods are indexed by t = 0, 1, . . .. The economy is populated by a continuum of workers of unit

mass. The distribution of susceptible, infected, recovered, and deceased agents is summarized by

the prevailing health state Ωt, which we discuss in detail below. At every date t, competitive firms

make an irreversible investment xt. The government then chooses a lockdown policy Lt ∈ [0, 1]

representing the fraction of labor supply that is prohibited from working. If Lt = 0, then there is

no lockdown and all agents can go to work, while if Lt = 1, then there is maximal lockdown and

no agent is allowed to work. Agents inelastically supply effective labor `t up to an upper bound

of (1− Lt)`(Ωt), which depends on lockdown policy through the term (1− Lt) and on the health

state through the term `(Ωt).8 Anticipating the labor market clearing condition,

`t = (1− Lt)`(Ωt),

we can interchangably refer to labor supply `t and lockdown policy Lt given some health state Ωt.

Workers consume their wage income

ct = wt`t, (1)

where ct is aggregate consumption and wt is the equilibrium wage. The irreversible investment

xt, combined with labor `t, generates gross output yt, according to the following production tech-

nology:

yt = f (xt, `t, Ωt) , (2)

where Ωt is the health state at date t that is described in detail in the next subsection. The de-

pendence of the production function f (·) on the health state captures the possibility that the

pandemic—in addition to making people sick and killing people—decreases output by debili-

tating the workforce, by changing the share of the labor force working from the office versus from

home (Dingel and Neiman, 2020; Mongey et al., 2020) and by inducing protective but productivity-

reducing social distancing efforts even in the absence of any lockdown (Farboodi et al., 2020).

8This allows for the possibility that, for example, deceased agents cannot work or that infected agents are effectively
less productive at work.
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We assume that the function f (·) is continuously differentiable, increasing, and globally con-

cave in xt and `t, with limxt→0 ∂ f (·) /∂x = lim`t→0 ∂ f (·) /∂` = ∞ and limxt→∞ ∂ f (·) /∂x =

lim`t→∞ ∂ f (·) /∂` = 0. From here on, we make the following key assumption:

Assumption 1. The production function f (xt, `t, Ωt) satisfies

∂2 f (·)
∂xt∂`t

> 0. (3)

Assumption 1 states that investment xt and labor `t are q-complements in production. It im-

plies that there are higher marginal returns to investment xt when labor `t is greater and vice versa,

which is intuitive under our interpretation that xt is investment that enhances future productivity.

Firm owners maximize profits

πt = yt − rxt − wt`t, (4)

where r > 0 is the exogenously given price of the irreversible investment xt and the price of

gross output is normalized to 1. In a competitive equilibrium, the marginal product of investment

satisfies the following firm optimality condition:

∂ f (xt, `t, Ωt)

∂x
= r. (5)

Equation (5) implies that in a competitive equilibrium in which the optimal investment adjusts

to the anticipated level of labor supply,

xt = x∗ (Lt, Ωt) , (6)

where the function x∗ (·) satisfies ∂x∗ (Lt, Ωt) /∂L < 0 by Assumption 1. In other words, as a

result of the q-complementarity between investment and labor in production, firms invest less in

anticipation of a more stringent lockdown.

Labor is competitively supplied so that wages equal the marginal product of labor given by

∂ f (xt, `t, Ωt)

∂`
= wt. (7)
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From equation (7), consumption in (1) can be written as

ct = c∗ (xt, Lt, Ωt) , (8)

where the function c∗ (·) is continuously differentiable in xt and Lt and strictly increasing in xt by

Assumption 1.9

2.2 Disease Spread, Lockdown Policy, and Welfare

We model disease spread as following an SIRD model (Kermack and McKendrick, 1927; Ferguson

et al., 2020), which we allow to depend on a lockdown policy, as in Atkeson (2020a), Eichenbaum

et al. (2020a), and Alvarez et al. (2020). Specifically, the health state of the economy in period t

is summarized by Ωt = {St, It, Rt, Dt}, where St ∈ [0, 1] is the share of susceptible individuals,

It ∈ [0, 1] is the share of infected and contagious individuals, Rt ∈ [0, 1] is the share of recovered

individuals, and Dt ∈ [0, 1] is the share of deceased individuals. It follows that

St + It + Rt + Dt = 1. (9)

An SIRD model defines a mapping Γ (·) that implies a law of motion of the health state,

Ωt+1 = Γ (Lt, Ωt) ,

which depends on the degree of lockdown at date t.10 The initial health state Ω0 is taken as given.11

Social welfare equals the discounted sum of utility streams,

∞

∑
t=0

βtu (ct, Ωt) , (10)

where β ∈ (0, 1) is the discount factor, and u (·) is a strictly increasing and strictly concave utility

function of consumption ct and also depends on the health state Ωt.

9We do not require that c∗ (·) be globally increasing in Lt, though this will be the case for commonly used production
functions such as those in the Cobb-Douglas family.

10All of our results extend to a setting in which the health state is a function of time or is stochastic, a feature that
would capture factors such as the evolving constraints on the medical system and the changing likelihood of vaccine
discovery. Our quantitative exercise considers an environment in which a vaccine arrives in finite time.

11We assume that x0 is endogenous, implying that it is chosen in anticipation of the government’s initial lockdown
policy. Our main results are robust to assuming x0 is exogenous.
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To simplify the exposition, we assume that the government puts positive weight on only work-

ers’ utility. Our main results require that workers and firm owners be distinct and that the gov-

ernment put greater weight on workers. Therefore, the government does not fully internalize the

impact of lockdown on intermediate input investment.12

Note that utility depends directly on the health state, which may capture the costs of illness

and mortality associated with disease spread. Moreover, utility also indirectly depends on disease

spread through the level of consumption ct, since the health state Ωt directly enters the production

function f (·).

Note that our framework is sufficiently general to accommodate considerations such as en-

dogenous social distancing, which would have an effect on utility through u (·), on gross output

through f (·), and on disease spread through Γ (·), since these are all functions of the health state.

From this perspective, the appropriate interpretation of the lockdown policy Lt is that it corre-

sponds to a binding government mandate above and beyond the endogenous social distancing

response. This government restriction can be useful for mitigating disease spread if there is an ex-

ternality associated with endogenous social distancing, where individuals do not internalize the

disease cost of their social interactions.13

We do not restrict how the health state and lockdown impact gross output, utility, and disease

dynamics in the economy, other than by making the following assumption, which we henceforth

maintain:

Assumption 2. The functions f (xt, `t, Ωt), u (ct, Ωt), and Γ (Lt, Ωt) are continuously differentiable in

all elements of Ωt.

This technical assumption guarantees that the government’s problem is well behaved and that

we can rely on first-order conditions (FOCs) in the proofs of our results. Note that these assump-

tions are satisfied in many recent macroeconomic models with SIRD modules in which disease

dynamics respond smoothly to lockdown policies, such as Alvarez et al. (2020) and Eichenbaum

et al. (2020a).

12Time inconsistency emerges in the present context because the government does not internalize the cost of lock-
down on firm owners. If, instead, workers fully owned the firms, then the optimality of the investment decision would
imply that the government’s ex-ante and ex-post optimal lockdown choices coincide. To see this, note that optimal-
ity implies that both ex-ante and ex-post, a marginal increase in lockdown severity associated with lower investment
would have zero marginal social net payoff. Thus, there would be no problem of time inconsistency.

13See Farboodi et al. (2020) for a discussion of the interaction between endogenous and government-mandated social
distancing.
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3 Optimal Policy under Commitment

Suppose that the government commits to an optimal lockdown policy sequence {Lc
t}

∞
t=0 at time 0.

This means that the government internalizes the fact that investment optimally adjusts to antic-

ipated labor supply as determined by future lockdown policy. Given firm optimality in (6), this

policy sequence induces sequences of optimal labor supply {`c
t}

∞
t=0 and investment {xc

t}
∞
t=0 under

government commitment.

After substituting the investment function xt = x∗(Lt, Ωt) from (6) and the consumption func-

tion ct = c∗(xt, Lt, Ωt) from (8) into the social welfare function (10), the government with commit-

ment solves the following sequence problem:

max
{Lt}∞

t=0

{
∞

∑
t=0

βtu (c∗ (x∗ (Lt, Ωt) , Lt, Ωt) , Ωt)

}
(11)

s.t. Lt ∈ [0, 1] , ∀t ≥ 0,

Ωt+1 = Γ (Lt, Ωt) , ∀t ≥ 0,

Ω0 given.

It is important to note that substituting the optimal firm investment response x∗ (Lt, Ωt) into the

welfare function before deriving the optimal lockdown sequence {Lc
t}

∞
t=0 that solves the program

in (11) means that in all periods, the government with commitment takes into account invest-

ment’s reaction to its policies. The problem of the government with commitment can be written

recursively as

Vc (Ω) = max
L∈[0,1]

{u (c∗ (x∗ (L, Ω) , L, Ω) , Ω) + βVc (Γ (L, Ω))} , (12)

where Vc (Ω) denotes the value of health state Ω to the government with commitment. The so-

lution to program (12) induces an optimal lockdown policy under commitment as a function of

the prevailing health state Ω, denoted by Lc(Ω). This lockdown policy in turn yields an opti-

mal investment level under commitment that depends only on the health state Ω, denoted by

xc(Ω) = x∗(Lc(Ω), Ω).

Standard arguments, together with Assumption 2, imply that Vc (Ω) is continuously differ-

entiable in all elements of Ω. This means that the necessary FOC for interior optimal levels of

11



lockdown under commitment Lc ∈ (0, 1) is

∂u (·)
∂c

[
∂c∗ (·)

∂x
∂x∗ (·)

∂L
+

∂c∗ (·)
∂L

]
= −β

dVc (·)
dL

. (13)

In choosing the degree of lockdown, the government weighs two opposing forces, as in Gour-

inchas (2020) and Hall et al. (2020). On the one hand, it considers the economic costs captured

by the left-hand side of (13). The economic costs are twofold. First, conditional on the level of

investment, a lockdown has a direct impact on output and consumption by limiting labor supply.

Second, a lockdown has an indirect impact on output and consumption by reducing the marginal

product of investment, which lowers the optimal investment level. The government’s ability to

commit gives it the ability to take into account both of these factors and anticipate firms’ reaction

to the policy.

On the other hand, the government considers the discounted future health benefits in terms

of reduced mortality from inhibiting the disease spread, as captured by right-hand side of (13).

Differentiating (12), we can write the marginal health benefits of lockdown recursively as

dVc (Ω′)
dL

=
dVc (Ω′)

dΩ′
dΓ(L, Ω)

dL
(14)

=
du (c∗ (xc (L′, Ω′) , L′, Ω′) , Ω′)

dL
+ β

dVc (Γ (L′, Ω′))
dL

, (15)

where Ω′ = Γ (L, Ω) denotes next period’s health state and L′ denotes the level of next pe-

riod’s optimal lockdown. By use of the envelope theorem, the optimal lockdown policy function

Lc(Γ(L, Ω)) was replaced with the level of next period’s optimal lockdown L′ on the right-hand

side of equation (15). This equation illustrates that present lockdown dynamically impacts all fu-

ture health states, which in turn impact welfare both through their direct health costs and through

their indirect effect on consumption.

4 Optimal Policy under Lack of Commitment

Under lack of commitment, investment is treated as fixed at the time when lockdown policy is

decided on. The government at date t chooses an optimal degree of lockdown that depends on

sunk investment xt and the health state Ωt; the degree of lockdown is denoted by L∗(xt, Ωt). Firms

in turn anticipate the government’s policy and decide on the optimal investment level x∗(Lt, Ωt),
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which depends on the expected lockdown Lt and the health state Ωt. We consider a Markov per-

fect equilibrium (MPE) in which investment and lockdown policy can be expressed as functions

of only the health state Ωt—namely xn(Ωt) and Ln(Ωt). In any MPE, xn(Ωt) = x∗(Ln(Ωt), Ωt)

and Ln(Ωt) = L∗(xn(Ωt), Ωt), as the government and firms take each other’s reaction functions

as given when choosing their actions under the prevailing health state.

The problem of the government without commitment in an MPE can be written recursively as

Wn (x, Ω) = max
L∈[0,1]

{u (c∗ (x, L, Ω) , Ω) + βVn (Γ (L, Ω))} , (16)

Vn (Ω′) = u
(
c∗
(

xn (Ω′) , Ln (Ω′) , Ω′
)

, Ω′
)
+ βVn (Γ (Ln (Ω′) , Ω′

))
, (17)

where Wn (x, Ω) denotes the value to the government given investment x and health state Ω,

while Vn (Ω′) denotes the continuation value to the government given next period’s health state

Ω′ = Γ (L, Ω) in the absence of future government commitment. Note that Wn (x, Ω) depends

on the current period’s investment and health state, while Vn (Ω′) depends only on next period’s

health state. This reflects the fact that next period’s MPE investment function xn(Ω′) is already

consistent with the future MPE lockdown policy Ln(Ω′) by the government without commitment

and vice versa. Importantly, by not substituting the current period’s optimal investment response

when solving its problem, the government without commitment treats current investment as sunk

when deciding on lockdown policy.

Consider the government’s FOC in a differentiable MPE for interior lockdown Ln ∈ (0, 1)

under lack of commitment:

∂u (·)
∂c

∂c∗ (·)
∂L

= −β
dVn (·)

dL
. (18)

Holding all else—including investment and the health state—fixed, the left-hand side of the opti-

mality condition under lack of commitment in (18) is strictly greater than that under commitment

in (13). The reason for this is that ∂x∗(·)/∂L < 0 owing to q-complementarity between x and `,

which is given by Assumption 1. This captures the fact that compared with a government with

commitment, a government without commitment undervalues the economic cost of a lockdown.

Specifically, a government without commitment does not take into account that a more stringent

lockdown changes ex-ante firm expectations in a way that reduces the level of investment, thereby

13



reducing future output and consumption.

Turning to the right-hand side of (18), the derivative of the government’s continuation value

with respect to lockdown is

dVn (Ω′)
dL

=
dVn (Ω′)

dΩ′
dΓ(L, Ω)

dL
(19)

=
du (c∗ (xn (L′, Ω′) , L′, Ω′) , Ω′)

dL
+ β

dVn (Γ (L′, Ω′))
dL

(20)

+

[
du (c∗ (xn (L′, Ω′) , L′, Ω′) , Ω′)

dL′
+ β

dVn (Γ (L′, Ω′))
dL′

]
dLn (Ω′)

dL
,

where Ω′ = Γ (L, Ω) denotes next period’s health state as a function of the current lockdown level

and health state, L′ denotes the level of optimal lockdown under lack of commitment next period,

and Ln (Ω′) is next period’s MPE lockdown policy under lack of commitment as a function of next

period’s health state.

The first line on the right-hand side of equation (20) is analogous to that under commitment

in (15). It represents the payoff from changing the future health state by changing the lockdown

today, holding fixed the optimal future lockdown policy.

The second line on the right-hand side of equation (20) is unique to the case of lack of commit-

ment. It corresponds to the strategic effect of a lockdown today on future policy, since changing

the future health state also changes future lockdown incentives. Under commitment, the term

analogous to that in brackets in the second line of (20) is identically zero because the government

with commitment takes into account firms’ reaction to its lockdown choice, as captured by the

FOC (13). Under lack of commitment, however, equation (18) and Assumption 1 together imply

that the term in brackets is negative.14

Note that a complexity associated with this general model is that the value of a given health

state cannot be represented by a univariate, concave function, as in typical models of optimal fiscal

policy. Nevertheless, under the weak conditions spelled out above, we obtain the following result:

Proposition 1 (Time Inconsistency). Suppose that the optimal policy under commitment {Lc
t}

∞
t=0 admits

an interior solution in some period t. Then, the optimal policy under commitment is time inconsistent.

Proof. See Appendix A.1.
14While we can sign the term in brackets, we cannot sign the overall strategic effect, since the sign of the term

dLn (Γ (L, Ω)) /dL is ambiguous because of the nonlinear dynamics of the SIRD model. If, for example, a marginal
increase in L causes a large (small) share of the population to become recovered and immune, then the optimal future
Ln (Γ (L, Ω)) may decrease (increase).
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Proposition 1 states that lack of government commitment may result in an inefficient lockdown

policy. The idea behind the proof is as follows: If the optimal lockdown policy under lack of com-

mitment was congruous to that under commitment, then the no-commitment government would

have no incentive to deviate, because any deviation would be associated with weakly negative

change in welfare. But at an interior solution where Lt ∈ (0, 1) for some t, the optimality condi-

tion (18) under no commitment calls for a strictly higher value of Lt than that in condition (13)

under commitment. Therefore, the optimal policy is time inconsistent whenever it is interior.15

The intuition for this result is that absent commitment, the government treats firm investment

as fixed and thus undervalues the economic cost of a lockdown, leading to an inefficient choice

of lockdown. By anticipating this behavior, firms invest less than they would if the government

had commitment. For this reason, the optimal policy under lack of commitment differs from that

under commitment.16

Note that Proposition 1 does not specify whether the optimal lockdown policy under com-

mitment is more or less stringent than that under lack of commitment. This is due to two key

differences between the optimal policies with and without commitment. The first difference is a

static one: starting from an Lt that is interior under commitment and given a health state Ωt, in-

vestment xt, and continuation value V (Ωt+1), a government without commitment would choose

a strictly higher Lt than a government with commitment. This is because the government with-

out commitment treats investment xt as sunk when it decides on lockdown policy at time t. The

second difference is a dynamic one: Given the difference in policy functions of governments with

and without commitment, investment and the health state will evolve differently in a dynamic

model under commitment versus under lack of commitment. Without further model restrictions,

this makes it challenging to provide a sharp theoretical characterization of the policy path under

commitment versus that under no commitment. In the quantitative exercise presented in Section

6, we use a calibrated version of our model to show that at most points in time along the equilib-

rium path of a simulated pandemic, lockdown under lack of commitment is more severe than that

under full commitment.
15In the event that there are exogenous limits on lockdown policy, as in Acemoglu et al. (2020), an analogous argu-

ment applies whenever the policy is interior relative to such exogenous limits.
16In the case in which Assumption 1 is reversed—i.e., if x and ` are q-substitutes in production—then the result in

Proposition 1 continues to hold, but the intuition is also reversed.
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5 Value of Rules

We have established that the optimal lockdown policy is time inconsistent. Deviations from the

policy under commitment occur because a government without commitment chooses a lock-

down that is ex-post optimal but leads to ex-ante inefficient investment in expectation of the

no-commitment outcome. This raises the possibility that constraints on government policy can

prevent ex-ante inefficient policy outcomes.

5.1 Optimality of Limiting Future Policy Discretion

In our environment, a credible lockdown policy plan can be socially optimal. Suppose that rather

than choosing a lockdown policy Lt ∈ [0, 1] with discretion, the government is constrained to

choosing a policy Lt ∈ Lt(Ωt) ⊆ [0, 1], where Lt(Ωt) is a subset of policies that depends on

the prevailing health state Ωt. As an example of a particularly heavy-handed policy constraint,

consider Lt(Ωt) = {Lc
t(Ωt)}. Then, the policy decision is constrained to the optimum under

commitment, Lt(Ωt) = Lc
t(Ωt). Clearly, this policy constraint implements the efficient outcome as

it exactly mimics the time-consistent policy choice.

Going beyond this extreme example, we can study rules that constrain the extent of a lock-

down. Consider a state-contingent rule Lt(Ωt) = {Lt|Lt ≤ Lt(Ωt)} so that a government at date t

can choose any policy Lt that falls below Lt(Ωt) with discretion. In other words, the government

commits to limiting the stringency of the lockdown.17 We then have the following result:

Proposition 2 (Value of Rules). Consider a rule
{

Lt(Ωt)
}∞

t=0 such that Lt(Ωt) = Lc
t(Ωt) for all periods

t and all health states Ωt. Then, there exists an MPE subject to this rule, in which the government without

commitment chooses the optimal policy under commitment.

Proof. See Appendix A.2.

Proposition 2 shows that the introduction of rules that impose a limit on the severity of lock-

down can implement the optimal policy and therefore improve efficiency and welfare in an econ-

omy without government commitment. The idea behind the proof is as follows: Starting from the

efficient policy sequence, a rule that takes the form of an upper bound allows only for downward

17This upper-bound rule is in line with Florida governor Ron DeSantis’ announcement on September 25, 2020, of a
statewide 50-percent-minimum capacity limit (i.e., an upper bound of 50 percent on capacity restrictions) for restau-
rants.
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deviations in lockdown from Lc
t to some less strict lockdown L̃t < Lc

t . But if a surprise relaxation

of lockdown to the level L̃t were optimal to a government without commitment given sunk in-

vestment x∗(Lc
t , Ωt), which depends on the anticipated lockdown Lc

t and health state Ωt, then a

government with commitment could have implemented the same lockdown relaxation with firms

anticipating it, leading to investment x∗(L̃t, Ωt). Since an anticipated lockdown relaxation yields

higher investment and thus consumption, owing to the q-complementarity between investment

and labor in production, such a deviation contradicts the optimality of the original lockdown pol-

icy under commitment.18

The intuition for this result is that an upper bound on lockdown stops the government without

commitment from making short-sighted policy decisions when investment is treated as sunk. A

lower bound on lockdown is not necessary, because lack of commitment is not associated with a

temptation to impose too lax a lockdown. This is because q-complementarity between investment

and labor in production (Assumption 1) implies that one-shot deviations from an equilibirum

under commitment by a government without commitment are profitable only in the direction of

stricter, not less strict, lockdown policy. For this reason, a lower bound on lockdown does not

improve the efficiency of lockdown policy under the MPE considered in Proposition 2.

Note that on one hand, the rule described in Proposition 2 is less restrictive than one dictating

the exact level of lockdown in every period and health state. On the other hand, an upper bound

on lockdowns may still be overly strict if good reasons for imposing stricter lockdowns materialize

in the future. While our analysis so far has abstracted from such reasons by assuming that the ex-

post efficiency of future lockdowns can be guaranteed ex-ante, we now turn to a natural extension

in which future policy flexibility is valuable.

5.2 Uncertainty and Noncontractible Information

Thus far, we have shown that under full information on the health state, a government without

commitment would like to deviate from the optimal lockdown path and that rules limiting future

lockdown can increase welfare by mitigating this commitment problem. In practice, of course,

government policy depends not only on the health state but also on new information that arrives

during a lockdown. Such information may include estimates of disease transmissibility and mor-

18We emphasize that our argument involves only the existence, not uniqueness, of an MPE that coincides with the
efficient lockdown policy. In principle, there could exist other MPEs, but these would feature weakly lower welfare.
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tality risk, the state of the economy, the likelihood of vaccine discovery, and the medical system’s

capacity. At the same time, information on future realizations of these variables may be hard to

verify or to incorporate into a written contract.

This motivates us to study the design of rules under uncertainty and noncontractible informa-

tion. We show that a modification of our previous result (Proposition 2) extends to an environment

that incorporates such considerations. Specifically, we show that rules that constrain future gov-

ernment policy either as a function of future information revelation, as seen in the U.S. state of

New York, or unconditionally, as in the U.S. state of Florida, can improve welfare.

To capture this idea, suppose that a state variable θt is realized, in addition to the prevailing

health state Ωt, before investment xt = x∗(Lt, Ωt, θt) is made in anticipation of lockdown Lt =

L∗(xt, Ωt, θt) in period t. For simplicity, let θt be independently and identically distributed with

associated probability density function g(θt) over support [θ, θ] with θ < θ.19 Substituting the

modified consumption function ct = c∗(xt, Lt, Ωt, θt) based on (8), social welfare at t = 0, given a

sequence of state-contingent investment and lockdown policies {xt(Ωt, θt), Lt(Ωt, θt)}∞
t=0, is

∞

∑
t=0

βtE0[u (c∗ (xt, Lt, Ωt, θt) , Ωt, θt)] (21)

s.t. Ωt+1 = Γ (Lt, Ωt, θt) , ∀t ≥ 0,

θt
iid∼ g (θt) , ∀t ≥ 0,

Ω0 given,

where the expectation E0[·] is taken over time-0 and future realizations of θt.

Note that the stochastic state θt enters the problem in multiple places. It indirectly enters

the consumption function c∗(·) through its effect on production. At the same time, it directly

enters the utility function u(·) and the SIRD model Γ(·). Finally, while equation (21) considers a

given set of state-contingent investment and lockdown policies, the optimal investment function,

x∗(Lt, Ωt, θt), and optimal lockdown function, L∗(xt, Ωt, θt), also depend on θt.

In an MPE, the optimal lockdown policy under commitment depends on the health state Ωt

and the realization of θt, denoted by Lc(Ωt, θt). This policy function implicitly takes into account

the optimal investment under commitment, xc(Ωt, θt) = x∗(Lc
t(Ωt, θt), Ωt, θt). Analogously, the

optimal lockdown policy in an MPE under lack of commitment depends only on the health state
19Our results are unchanged if the shock is persistent, assuming the shock is observable but not contractible.
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Ωt and the realization of θt, denoted by Ln(Ωt, θt). This policy function implicitly takes into ac-

count the MPE choice of investment under lack of commitment, xn(Ωt, θt) = x∗(Ln
t (Ωt, θt), Ωt, θt).

Suppose that θt represents contractible information. Then, using an argument analogous to

that in Proposition 2, it follows that a rule that imposes a sequence of upper bounds {Lt(Ωt, θt)}∞
t=0

on lockdown, so that Lt ≤ Lt(Ωt, θt), with Lt(Ωt, θt) = Lc(Ωt, θt) for all t, can increase social wel-

fare by inducing the government without commitment to choose the policy under commitment.

In practice, some of the information in θt may not be contractible. In this case, a rigid plan may

be too constraining, since policy flexibility in responding to realizations of θt is valuable. We show

that bounded discretion in the form of a rule Lt(Ωt) > 0 that constrains the government to policies

Lt ∈ [0, Lt(Ωt)] independent of θt can still improve welfare in this case. To this end, consider the

recursive formulation of the problem faced by a government without commitment:

Wn (x, Ω, θ) = max
L∈[0,1]

{
u (c∗ (x, L, Ω, θ) , Ω, θ) + βEθ′ [Vn (Γ (L, Ω, θ) , θ′

)
]
}

, (22)

Vn (Ω′, θ′
)
= u

(
c∗
(
xn (Ω′, θ′

)
, Ln (Ω′, θ′

)
, Ω′, θ′

)
, Ω′, θ′

)
(23)

+ βEθ′′ [Vn (Γ (Ln (Ω′, θ′
)

, Ω′, θ′
)

, θ′′
)
],

where Ω′ = Γ (L, Ω, θ), and Eθ̃ [·] denotes the expectation over the future realization of θ̃. From

here on, we operate under the following simplifying assumption:

Assumption 3. The optimal lockdown policy under lack of commitment Ln (Ωt, θt) is strictly increasing

in θt over interior Ln (Ωt, θt) ∈ (0, 1) and continuous in a neighborhood below θ for all Ωt. Moreover, the

density g(·) is strictly positive and continuous in a neighborhood below θ.

According to Assumption 3, higher values of the noncontractible state are associated with

stricter optimal lockdown policies under lack of commitment. Then, we obtain the following

result:

Proposition 3 (Value of Rules under Uncertainty). Consider an MPE satisfying Assumption 3 for

which lockdown policy is interior at time 0 for some realizations of θ0 with positive probability. Then there

exists a rule
{

Lt(Ωt)
}∞

t=0 and an MPE subject to this rule in which social welfare is strictly higher.

Proof. See Appendix A.3.

Proposition 3 shows that the introduction of rules increases social welfare, even if future policy

discretion is valuable. The idea behind the proof is as follows: A government lacking commitment
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chooses a more severe lockdown in the future than is socially desirable. Thus, a marginally bind-

ing cap on lockdowns increases social welfare by raising investment and therefore output and con-

sumption at no efficiency cost. To arrive at this conclusion, a key part of the argument is that the

most extreme lockdown policy imposed by the government without commitment is never optimal

for a government with commitment under any realization of new information. This is natural in

our setting in which the production technology satisfies an Inada condition—completely shutting

down the economy yields unbounded marginal gains from opening the economy slightly.20

The intuition for this result is that a marginally binding rule does not prevent efficient lock-

downs while limiting the damages of excessive lockdowns in the future. By preventing only the

most extreme variants of future lockdown policies, such a rule can improve the efficiency of firms’

investment choice and thereby increase social welfare.

6 Quantitative Exercise

We now illustrate the quantitative implications of lack of government commitment during a pan-

demic in an illustrative calibration and simulation of our model. The goal is to compare the

lockdown policy, aggregate output and consumption, and the health state in an economy with

a pandemic subject to the efficient lockdown policy under commitment versus the inefficient lock-

down policy under no commitment. This comparison also allows us to illustrate how rules that

limit lockdown discretion, which we have shown to be associated with efficient lockdown policy

(Proposition 2), affect the path of a pandemic.

6.1 Calibration

In order to calibrate our model, we make several assumptions about the production technology,

the SIRD model of disease spread, and preferences. The main steps of our calibration strategy are

outlined here; further details are in Appendix B.

We start by specifying the production technology. We assume that gross output, yt, is gener-

ated according to a Cobb-Douglas production function that combines investment, xt, with labor,

20As an example of a case in which extreme choices are sometimes optimal even under commitment, see Halac and
Yared (2020) for a discussion of threshold contracts with escape clauses.
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`t, given by

yt = Axα
t `

1−α
t , (24)

where A is total factor productivity and `t = (1− Lt)(St + γIt + Rt) is the effective labor input.

Effective labor input may be less than the unit mass of the initial population owing either to deaths

from past infections or to the lower relative productivity of infected workers, indexed by γ ∈ [0, 1].

The assumption of a Cobb-Douglas production function implies that the total wage bill wt`t, and

hence aggregate consumption ct, is a constant share (1− α) of gross output yt. We set γ = 0.5; that

is, we assume that the infected subpopulation works at 50 percent capacity, roughly corresponding

to the share of asymptomatic infections according to Yanes-Lane et al. (2020).21

Our choice of α is based on the factor share of intermediate inputs xt that are subject to the type

of time inconsistency problem described in our model. To determine the appropriate value of α,

we focus on intermediate inputs in U.S. input-output tables satisfying all three of the following

criteria. First, we require inputs to be typically purchased in advance and therefore chosen in

anticipation of future lockdown policy. Second, we require inputs to be such that reimbursement

in the event of a surprise lockdown is unlikely. Finally, we require inputs to be perishable or not

easily storable so that mistakenly purchasing them with wrong expectations of future lockdown

is costly. Using the intersection of these three criteria, we find that the cost of intermediate inputs

corresponding to investment xt in our model makes up 51.6 percent of the cost of all intermediate

inputs and 78.2 percent of the cost of compensation of employees.22 We set α = 0.439 to match the

ratio of the cost of intermediate inputs corresponding to investment xt in our model relative to the

sum of the cost of these intermediate inputs and the cost of compensation of employees, which

equals 43.9 percent. We acknowledge that this value of α may be imprecise, since not all inputs

within an input category can be perfectly included or excluded from our criteria. For this reason,

we consider the robustness of our quantitative results to the value of α.

Next, we specify the SIRD model of disease spread. To this end, we set the period length equal

21While we are not aware of any direct evidence on individual workers’ productivity throughout the disease stages,
we introduce this parameter, γ, in order to allow for the possibility that the pandemic may have a direct effect on the
efficiency of the economy. Extensive simulations indicate that our results are not particularly sensitive to this parameter.

22See Tables A–E in the Online Appendix for details of the classification of intermediate inputs by six-digit BEA
industry code.
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to one week. The health state Ωt = {St, It, Rt, Dt} obeys the following law of motion:

St+1 =
[
1−

(
ρ1,t(1− Lt)

2 + ρ2,t
)

It
]

St (25)

It+1 = (1− ρ3 − ρ4) It +
(
ρ1,t(1− Lt)

2 + ρ2,t
)

ItSt (26)

Rt+1 = Rt + ρ3 It (27)

Dt+1 = Dt + ρ4 It. (28)

The intuition behind equations (25)–(28) is as follows. The total mass of new infections corre-

sponds to a flow from the current susceptible state, St, to next period’s infected state, It+1. New

infections obtain as a result of infected individuals meeting susceptible individuals, either at or

outside of work. Specifically, a fraction ρ1,t of all meetings between (1− Lt)It infected workers

and (1− Lt)St susceptible workers result in disease transmission at work, while a fraction ρ2,t of

all meetings between It infected individuals and St susceptible individuals result in disease trans-

mission outside of work. Therefore, the total flow from the current susceptible state, St, to next

period’s infected state, It+1, is given by (ρ1,t(1− Lt)2 + ρ2,t)ItSt. At the same time, a fraction ρ3 of

currently infected individuals It recover and become part of the state variable Rt+1 next period,

while a fraction ρ4 of currently infected individuals It pass away and become part of the state

variable Dt+1 next period. Based on the SIRD model in equations (25)–(28), the basic reproduction

number is R0 = (ρ1,0 + ρ2,0)/(ρ3 + ρ4), which corresponds to the number of new infections per

infected individual in the early stage of the pandemic.

That ρ1,t and ρ2,t are allowed to depend on time t reflects the fact that the arrival of a vaccine

may affect these transition rates. Specifically, denoting by T > 0 the deterministic date of arrival

of a vaccine, which is assumed to eliminate any further disease transmission, we let

ρ1,t =


ρ1 for t < T,

0 for t ≥ T,
, ρ2,t =


ρ2 for t < T,

0 for t ≥ T,
(29)

for some fixed values ρ1 and ρ2.

The SIRD model in equations (25)–(28) is fully parameterized by the vector [ρ1,t, ρ2,t, ρ3, ρ4],

which we discipline using empirical evidence on disease transitions associated with COVID-19.

Specifically, we calibrate our model using the following set of equations that relate functions of
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model parameters to empirical moments of the data:

average length of infection in weeks:
1

ρ3 + ρ4
= 2.000; (30)

mortality rate conditional on infection:
ρ4

ρ3 + ρ4
= 0.058; (31)

basic reproduction numberR0:
ρ1 + ρ2

ρ3 + ρ4
= 1.660. (32)

We choose these target moments based on recent scientific evidence on disease dynamics of the

SARS-CoV-2 virus. Specifically, we adopt an average length of infection of two weeks, follow-

ing recent guidelines by health officials (Centers for Disease Control and Prevention, 2021). The

mortality rate conditional on infection is taken as the peak mortality rate following March 7, 2020,

which is after the large initial spike (COVID Tracking Project, 2021). The basic reproduction num-

berR0 is the median among United States counties according to Sy et al. (2021).

In addition to the three equations (30)–(32), we assume that the probability of infection when

working is 50.0 percent higher than when not working:

ρ1 + ρ2 = 1.5ρ2. (33)

All of these parameters are calibrated for an economy without any lockdown, so the values of

the average length of infection, the conditional mortality rate, and basic reproduction numberR0

correspond roughly to the early stage of the pandemic in the first quarter of 2020 in the United

States. Together, equations (30)–(33) yield the following set of calibrated SIRD model parameters:

ρ1 = 0.277 (34)

ρ2 = 0.553 (35)

ρ3 = 0.471 (36)

ρ4 = 0.029. (37)

Finally, we turn to specifying preferences. We assume that period utility is additively separable

between log utility over per-capita consumption, ct = ct/(St + It + Rt), and a flow value of being
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alive, ν, with the value of being dead normalized to zero:

u(ct, Ωt) = (St + It + Rt) [ln(ct) + ν] . (38)

Lifetime utility is simply the discounted stream of period utilities {u(ct, Ωt)}t≥0 with period dis-

count factor β. We set the flow value of being alive, ν = 4.545, which corresponds to a value of a

statistical life of USD 11.5 million (Greenstone and Nigam, 2020; Glover et al., 2020). We choose

the weekly interest rate r to match an annual interest rate of 3.0 percent and the weekly discount

factor β such that β(1 + r) = 1:

r = 1.031/52 − 1 ≈ 5.686× 10−4 (39)

β =
1

1 + r
≈ 9.994× 10−1. (40)

In all simulations, we assume that the economy starts out with a population of 331 million

agents, out of which all are susceptible, except for 100 initial infections. In our baseline calibration,

we assume that at time T = 52 a vaccine arrives, which ends the possibility of new infections

occurring for all t ≥ T.

Table 1 summarizes our calibration of the model’s parameters.

6.2 Model Simulations

In order to simulate the economy with and without commitment, we use backward induction to

solve the problem of the government. We first compute the continuation value of reaching period

T, in which a vaccine becomes available. From this period onwards, there is no commitment

problem, since forgoing lockdown is always optimal. We then solve the model backward for

t = T − 1, T − 2, ..., 0.

Figure 1 compares the optimal policy under commitment to that under lack of commitment.

The results are consistent with our theoretical predictions: Lockdown under lack of commitment is

more severe than lockdown under commitment. Panel (a) shows that compared with the economy

under commitment, lockdown is more severe at most points in time under lack of commitment.

Panel (b) illustrates the consequences for aggregate consumption, which is proportional to gross

output and declines significantly more under lack of commitment. Panels (c)–(f) display the con-
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Table 1. Model Calibration Results

Parameter Description Value Target
Panel A. Technology parameters
α Cobb-Douglas parameter 0.439 Intermediate-input share of 43.9 percent
γ Rel. prod. of infected workers 0.500 Asympt. infections share of 50.0 percent
r Weekly interest rate 0.001 Annual interest rate of 3.0 percent

Panel B. SIRD model of disease spread parameters
ρ1 At-work infection rate 0.277 Basic reproduction numberR0 of 1.660
ρ2 Not-at-work infection rate 0.553 50.0 percent higher infection risk at work
ρ3 Recovery rate 0.471 Average length of infection of 14 days
ρ4 Death rate 0.029 Mortality rate of 5.8 percent
S0 Initial susceptible share > 0.999 1− 100/331, 000, 000 initially susceptible
I0 Initial infected share < 0.001 100/331, 000, 000 initially infected
R0 Initial recovered share 0.000 No initially recovered
D0 Initial dead share 0.000 No initially dead
T Vaccine arrival time 52 Arrives 1 year after start of pandemic

Panel C. Preference parameters
ν Value of life 4.545 Value of statistical life of USD 11.5mm
β Discount factor 0.999 β(1 + r) = 1

Notes: This table shows the calibrated model parameters along with the corresponding empirical target moments. See text for details.

sequences of lack of commitment for health outcomes. Because lockdown is more severe under

lack of commitment, fewer individuals are exposed to the disease. Consequently, the share of the

population that is susceptible at any point in time is higher, the share infected is lower, the share

recovered is lower, and the share dead is lower.
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Figure 1. Simulations with versus without Commitment
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(d) Share of infected
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(e) Share of recovered
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(f) Share of dead
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Notes: This figure shows time series of lockdown share Lt (panel a), aggregate consumption ct (panel b), the share of susceptibles St

(panel c), the share of infected It (panel d), the share of recovered Rt (panel e), and the share of dead Dt (panel f). All are plotted against

weeks since the outbreak of the pandemic. The red short-dashed line with diamonds represents outcomes under lockdown policy with

commitment, while the green dash-dotted line with triangles represents outcomes under lockdown policy without commitment. The

vertical striped line at week 52 indicates the arrival of a vaccine. See text for details.
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We examine how these results are affected by the value of the intermediate input share (α),

which we set to 0.439 in our benchmark calibration. Figure 2 panel (a) shows the paths of aggre-

gate consumption under a low factor share value of α = 0.220, while panel (b) shows the paths

under the benchmark calibration with α = 0.439, and panel (c) shows the path under a high factor

share value of α = 0.878. According to this figure, the results under either low or high factor

share values α are qualitatively consistent with the results from the benchmark model. In all three

cases, lockdown under lack of commitment is more severe, leading to larger consumption losses

than those under commitment. Quantitatively, both the severity of lockdown under either policy

regime and the discrepancy between the policy with versus without commitment are increasing in

the intermediate-input factor share α. Nevertheless, even under a low factor share value of α cor-

responding to half that in our benchmark calibration (panel a), we find a significant discrepancy

between lockdown with versus without commitment.

Figure 2. Time Series of Aggregate Consumption under Different Factor Shares

(a) Low factor share, α = 0.220
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(b) Benchmark, α = 0.439
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(c) High factor share, α = 0.878
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Notes: This figure shows time series of aggregate consumption ct under different factor shares: a low factor share (α = 0.220, panel a),

the benchmark factor share (α = 0.439, panel b), and a high factor share (α = 0.878, panel c). The red short-dashed line with diamonds

represents outcomes under lockdown policy with commitment, while the green dash-dotted line with triangles represents outcomes

under lockdown policy without commitment. The vertical striped line at week 52 indicates the arrival of a vaccine. See text for details.

6.3 Comparative Statics

We now examine how excessively severe lockdown due to lack of commitment depends on fea-

tures of the economic environment. Table 2 considers the consumption loss during the first year

of the pandemic due to lack of commitment for different parameter values. The first two columns

show the consumption loss under commitment and under lack of commitment relative to an econ-

omy without a pandemic, while the third column shows the consumption loss under lack of com-

mitment relative to commitment. As shown in the first row, our calibrated benchmark economy
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predicts that lack of commitment reduces aggregate consumption by 14.9 percent. These findings

suggest that optimal policy commitments to limit lockdown could result in a significant reduction

of consumption losses during a pandemic.

The subsequent rows show comparative statics with respect to a low value (i.e., half the value

in our benchmark) and a high value (i.e., double the value in our benchmark) for each of six model

parameters. When we consider different values for the intermediate input share (α), a higher in-

termediate input share is associated with greater consumption losses due to lack of commitment.

These results are consistent with the larger gaps in consumption between the commitment case

and lack of commitment case in Figure 2 panel (b) relative to Figure 2 panel (a). Intuitively, in-

vestment distortions due to lack of commitment are more impactful for higher values of the in-

termediate input share. When we consider different values of the discount rate (1− β), we find

that the consumption loss due to lack of commitment is larger for lower discount rates. This is

intuitive: The more the government values the future, the larger the temptation to renege on past

promises to limit lockdown, since the perceived benefits of mitigating future disease spread are

larger. A similar intuition explains why the consumption loss due to lack of commitment is larger

if the value of life (ν) is larger, since the government without commitment overweighs the value

of life relative to the efficient solution. Moreover, the higher the transmission rate of disease at

work (ρ1), the more beneficial is lockdown on the margin, and the larger the temptation to renege

on past promises for a limited lockdown, and thus the larger the consumption loss due to lack of

commitment. An analogous reasoning explains why the consumption loss due to lack of commit-

ment is larger if the transmission rate outside of work (ρ2) is higher, since in that case, mitigating

transmission at work through lockdown can further reduce transmission outside of work. Finally,

the consumption loss due to lack of commitment is larger for longer times until vaccine arrival

(T), because a longer waiting period increases the duration of the commitment problem.

7 Concluding Remarks

We have analyzed the value of government commitment in designing lockdown policies. In our

model, a government would like to commit to limit the extent of future lockdowns in order to

support more optimistic expectations and stimulate investment in the present. However, such a

commitment is not credible, since investment decisions are sunk when the government makes the
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Table 2. Aggregate Consumption Loss during First Year of Pandemic

Aggregate consumption
loss (%)

C NC NC vs. C
Baseline 32.0 42.6 15.7

Intermediate input share, α
Low 29.8 38.3 12.1
High 42.0 59.1 29.6

Discount rate, 1− β
Low 35.9 46.0 15.8
High 28.2 39.3 15.4

Value of life, ν
Low 30.8 41.5 15.5
High 33.9 44.2 15.7

Transmission rate at work, ρ1
Low 4.7 18.6 14.6
High 53.5 61.4 17.0

Transmission rate outside of work, ρ2
Low 0.0 0.6 0.6
High 23.4 28.1 6.1

Vaccine arrival time, T
Low 0.2 4.4 4.2
High 52.5 55.8 6.9

Notes: This table shows aggregate consumption losses in percentage points, calculated by summing over aggregate
consumption during the first 52 weeks of the pandemic, discounted at a weekly interest rate that corresponds to an
annual compound interest rate of 3.0 percent. The rightmost three columns report and compare two economies: One
with lockdown policy under commitment (C) and one with lockdown policy under no commitment (NC), both relative
to the economy without a pandemic. The third column (NC vs. C) contains the aggregate consumption loss from no
commitment relative to that under commitment. The “baseline” results are those obtained using the calibrated model.
For the two economies and their comparison, comparative statics in each of six model parameters are conducted: The
intermediate input share (α), the discount rate (1 − β), the value of life (ν), the transition rate of infections at work
(ρ1), the transition rate of infections outside of work (ρ2), and the vaccine arrival time (T). For each parameter of the
comparative statics, results are shown for a “low” value of half the calibrated baseline parameter and a “high” value of
twice the calibrated baseline parameter. See text for details.

lockdown decision. This gives value to rules limiting future lockdown policy discretion. We illus-

trate the distortions introduced by lack of commitment and its comparative statics with respect to

fundamental model parameters in a quantitative exercise using a calibrated version of our model.

Our analysis points to several interesting avenues for future research. First, the generality

of our approach suggests that time consistency considerations could be relevant to many lock-

down decision problems. For instance, it would be interesting to characterize the optimal policy

response to widespread employee furloughs. Payroll subsidies and cheap access to credit for

businesses have been widely advocated during the global COVID-19 pandemic. However, their

efficiency under lack of government commitment could be drastically different from that under

commitment, which previous work has focused exclusively on. Time inconsistency is also rel-

evant in other domains such as school and college decisions to reopen in anticipation of future
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lockdowns or private investments in disease-mitigating equipment. Insights similar to our char-

acterization of lockdown policy under lack of commitment may apply in such contexts.

Second, our evaluation of the effect of rules that limit lockdowns assumes that governments

adhere to such rules. In practice, rules may be broken, and the private sector may be uncertain

about the government’s commitment to respecting them. In the context of capital taxation, Phe-

lan (2006) and Dovis and Kirpalani (2019) show that this consideration leads the private sector to

dynamically update its beliefs about a government’s ability to commit. We conjecture that in our

framework, this uncertainty could cause firms to react to lockdown extensions by becoming in-

creasingly pessimistic about the government’s ability to commit to lifting a future lockdown. This

could lead to further declines in investment and economic activity, as well as political economy

consequences of lockdown extensions.

Finally, our analysis ignores the availability of monetary and fiscal policy tools, which are con-

sidered in contemporaneous work by Guerrieri et al. (2020). In our framework, these tools could

not only mitigate the immediate economic costs of a pandemic but also boost investment, thus

counteracting future economic costs from underinvestment due to the government’s lack of com-

mitment. We leave the exploration of how optimal lockdown policy interacts with monetary and

fiscal policy under lack of government commitment as an interesting subject of further research.
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Appendix

A Proofs

A.1 Proof of Proposition 1

Proof. To prove that the optimal lockdown policy is time inconsistent, we want to show that

Lc
t 6= Ln

t for some t. Let t be a period in which Lc
t ∈ (0, 1), which exists by assumption. Sup-

pose, by way of contradiction, that there exists an MPE under no commitment that coincides with

the optimal policy under commitment in all possible states and all periods. For a government

choosing lockdown Lt given health state Ωt, this would mean that the continuation value would

be the same with and without commitment. Therefore,

dVc (·)
dLt

=
dVn (·)

dLt
, (41)

meaning that the derivative of the continuation value with respect to current lockdown is the

same with and without commitment. However, if (41) holds, then the optimality condition of the

government with commitment in (13) and that of the government without commitment in (18)

cannot simultaneously hold because

−β
dVc (·)

dLt
=

∂u (·)
∂ct

[
∂c∗ (·)

∂xt

∂xc (·)
∂Lt

+
∂c∗ (·)

∂Lt

]
<

∂u (·)
∂ct

∂c∗ (·)
∂Lt

= −β
dVn (·)

dLt
, (42)

where the strict inequality follows from Assumption 1. This poses a contradiction with the equal-

ity in (41), proving the claim that the policy under lack of commitment does not coincide with that

under commitment. Therefore, the optimal lockdown policy is time inconsistent.

A.2 Proof of Proposition 2

Proof. To prove that a rule consisting of an upper bound Lt(Ωt) = Lc
t(Ωt) on Lt supports an MPE

that attains the efficient allocation, we want to show that there exists no profitable deviation from

this allocation by a government without commitment adhering to this rule. Consider a govern-

ment today choosing lockdown policy under the efficient state-contingent rule and expecting all

future governments to choose lockdown equal to the efficient state-contingent rule. Therefore, the
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government’s state-contingent policy is given by {Lt(Ωt)}∞
t=0 such that Lt(Ωt) = Lt(Ωt) = Lc

t(Ωt)

in all states and all periods, which induces a sequence of investments {xc
t (Ωt)}∞

t=0 such that

xt(Ωt) = xc
t (Ωt) in all states and all periods. Now consider in any period t the problem of

the government without commitment, which anticipates that all future governments will follow

the optimal policy under commitment and also investment will match that under commitment.

Given all this, when we compare the FOC of the government under lack of commitment (18) with

that under commitment (13), the unconstrained government without commitment would like to

choose a value of Lt that is strictly higher than Lt(Ωt). Clearly, this is not possible given the rule,

which constrains the government to choose Lt ≤ Lt(Ωt). Thus, there are two possibilities: Either

Lt(Ωt) = Lc
t(Ωt) > 0 and there exists a profitable downward deviation to some L̃t ∈ [0, Lc

t(Ωt)) in

period t, or else the current allocation constitutes an MPE. Suppose by way of contradiction there

exists such a profitable downward deviation from Lc
t(Ωt) > 0 to L̃t < Lc

t(Ωt) in period t given

sunk investment xt(Ωt) and health state Ωt. For this to be the case, we must have

u(c∗(x∗(Lc
t(Ωt), Ωt), L̃t, Ωt)) + βVc(Γ(L̃t, Ωt)) (43)

>u(c∗(x∗(Lc
t(Ωt), Ωt), Lc

t(Ωt), Ωt)) + βVc(Γ(Lc
t(Ωt), Ωt)).

Because this deviation is unanticipated, investment x∗(Lc
t(Ωt), Ωt) remains at the level in expecta-

tion of lockdown Lc
t(Ωt) under any deviation of investment L̃t. We now show that if the inequal-

ity in (43) were to hold, then the government under commitment could profitably deviate from

its investment strategy, thus contradicting the optimality of the original MPE. Consider the same

deviation from Lc
t(Ωt) > 0 to L̃t < Lc

t(Ωt) by a government with commitment. Since firms would

anticipate this new lockdown policy in period t under commitment, q-complementarity between

xt and `t in production (Assumption 1) implies that the optimal investment would also adjust

upward from xt = x∗(Lc
t(Ωt), Ωt) to x̃t = x∗(L̃t, Ωt) > xt. Since consumption in (8) is strictly

increasing in xt, this deviation yields a strictly greater benefit to the government with commit-

ment compared with that of the government under commitment. We conclude that equation (43)

characterizing the deviation by the government without commitment can hold only if there ex-

ists a profitable deviation by the government with commitment. This contradicts the optimality

of the original MPE, thus invalidating the existence of a profitable downward deviation by the

government without commitment. Therefore, the allocation under commitment, together with a
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rule consisting of an upper bound Lt(Ωt) = Lc
t(Ωt) on Lt(Ω) in all states and all periods, also

constitutes an MPE under lack of commitment.

A.3 Proof of Proposition 3

Proof. First, note that lockdown under full commitment and under lack of commitment are never

maximal, owing to the Inada conition on the production function f (·) with respect to labor input

`.

Since the statement of the proposition concerns the existence of a rule in some period t, we

will consider period t = 0. Now contemplate a rule that imposes an upper bound L (Ω0; ε) =

Ln (Ω0, θ − ε
)
, for some ε > 0, on labor supply L0 at time 0 given Ω0. We will establish that such

a rule strictly increases social welfare for small enough ε > 0. For the remainder of the proof, we

consider a perturbation only at time t = 0, which we treat as the current period, and will drop all

time subscripts.

For a given state (Ω, θ), let xn ≡ xn (Ω, θ) and Ln(Ω, θ) denote the MPE investment policy

and lockdown policy under no commitment in the absence of a rule, and let xr ≡ xr (Ω, θ; ε) and

Lr(Ω, θ; ε) denote the MPE investment policy and lockdown policy under no commitment subject

to the rule L (Ω; ε), all from a period-0 perspective. Now let us look at the welfare in an economy

subject to such a rule relative to that in an economy without rules. By Assumption 3, Ln (Ω, θ) is

strictly increasing in θ, so the difference in social welfare between lockdown with or without the

rule is zero conditional on θ < θ − ε, since the policy under no commitment is unaffected by the

rule for these realizations of θ. The difference in social welfare from realizations θ ∈
[
θ − ε, θ

]
is

nonzero and equals

ˆ θ

θ=θ−ε

 [u (c∗ (xr, Lr(Ω, θ; ε), Ω, θ) , Ω, θ) + βEθ′ [Vn (Γ (Lr(Ω, θ; ε), Ω, θ) , θ′)]]

− [u (c∗ (xn, Ln(Ω, θ), Ω, θ) , Ω, θ) + βEθ′ [Vn (Γ (Ln(Ω, θ), Ω, θ) , θ′)]]

 g(θ)dθ, (44)

where Eθ′ [·] denotes the current period’s expectation over next period’s realization of θ′. We first
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establish that (44) is bounded from below by

ˆ θ

θ=θ−ε


[
u
(
c∗
(
xn, Ln(Ω, θ − ε), Ω, θ

)
, Ω, θ

)
+ βEθ′ [Vn (Γ (Ln(Ω, θ − ε), Ω, θ

)
, θ′
)
]
]

− [u (c∗ (xn, Ln(Ω, θ), Ω, θ) , Ω, θ) + βEθ′ [Vn (Γ (Ln(Ω, θ), Ω, θ) , θ′)]]

 g(θ)dθ,

(45)

where we replaced the θ-dependent term Lr(Ω, θ; ε) in the first line of (44) with Ln(Ω, θ − ε) for

all θ in (45). Take an arbitrary θ ∈
[
θ − ε, θ

]
. Note that Lr(Ω, θ; ε) ≤ Ln(Ω, θ − ε) by design of the

rule. Then there are two cases to consider.

Case 1: If Lr(Ω, θ; ε) = Ln(Ω, θ − ε), then the pointwise variant of the lower bound in (45) is

trivially satisfied with equality at at any point that falls under Case 1.

Case 2: If Lr (Ω, θ; ε) < Ln (Ω, θ − ε
)
, then for this to be an MPE, the government without

commitment must weakly prefer choosing Lr (Ω, θ; ε) over Ln (Ω, θ − ε
)
> Lr (Ω, θ; ε):

u (c∗ (xr, Lr(Ω, θ; ε), Ω, θ) , Ω, θ) + βEθ′ [Vn (Γ (Lr(Ω, θ; ε), Ω, θ) , θ′
)
] (46)

≥u
(
c∗
(
xr, Ln(Ω, θ − ε), Ω, θ

)
, Ω, θ

)
+ βEθ′ [Vn (Γ (Ln(Ω, θ − ε), Ω, θ

)
, θ′
)
].

Furthermore, since by Assumption 1 x and ` are q-complements in production, we know that

Lr (Ω, θ; ε) < Ln (Ω, θ − ε
)

implies that xr > xn and thus

u
(
c∗
(

xr, Ln (Ω, θ − ε
)

, Ω, θ
)

, Ω, θ
)
+ βEθ′ [Vn (Γ (Ln (Ω, θ − ε

)
, Ω, θ

)
, θ′
)
] (47)

>u
(
c∗
(

xn, Ln (Ω, θ − ε
)

, Ω, θ
)

, Ω, θ
)
+ βEθ′ [Vn (Γ (Ln (Ω, θ − ε

)
, Ω, θ

)
, θ′
)
].

Combining equations (46) and (47), we see that

u (c∗ (xr, Lr(Ω, θ; ε), Ω, θ) , Ω, θ) + βEθ′ [Vn (Γ (Lr(Ω, θ; ε), Ω, θ) , θ′
)
] (48)

>u
(
c∗
(

xn, Ln (Ω, θ − ε
)

, Ω, θ
)

, Ω, θ
)
+ βEθ′ [Vn (Γ (Ln (Ω, θ − ε

)
, Ω, θ

)
, θ′
)
].

From the inequality in (48), it follows that the pointwise variant of the lower bound in (45) is

satisfied with strict inequality at any point that falls under Case 2.

Combining Cases 1 and 2, we conclude that (45) indeed represents a lower bound on (44). All

that remains to be shown is that the value of (45) is strictly positive for small enough ε > 0. To see
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that this is the case under the stated assumption of interior lockdown Ln(Ω, θ) ∈ (0, 1), recall that

the optimal lockdown is strictly more severe under lack of commitment than under commitment

for interior levels of lockdown. This implies that for small enough ε > 0, for all θ ∈
[
θ − ε, θ

]
we

have that welfare strictly increases when we replace Ln(Ω, θ) by Ln(Ω, θ − ε) < Ln(Ω, θ), where

the strict inequality follows from Assumption 3, which states that Ln(·) is strictly increasing. Since

the density g(·) is strictly positive and continuous in a neighborhood below θ by Assumption 3,

the interval
[
θ − ε, θ

]
defines a strictly positive probability mass. Combining the last two insights,

the expression in (45) is strictly positive for small enough ε > 0.

This concludes the proof that the imposition of such a rule strictly increases welfare.

B Details of Quantitative Exercise

B.1 Fundamentals

We study an infinite-horizon economy in discrete time, with periods indexed by t = 0, 1, 2, . . . in

the sequence formulation. Next period’s value of some current-period variable X is denoted by

X′ in the recursive formulation.

The government chooses a lockdown policy

L ∈ [0, 1] (49)

such that L = 0 denotes no lockdown (i.e., everyone goes to work) and L = 1 denotes full lock-

down (i.e., no one goes to work).

The health state is

Ω = (S, I, R, D) ∈ [0, 1]4 (50)

such that

S + I + R + D = 1. (51)

The mass of potential workers, given health state Ω and lockdown policy L, is

˜̀ (Ω, L) = (1− L) (S + I + R) . (52)
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The health state dynamics, given health state Ω and lockdown policy L, is

Ω′ = Γ (Ω, L) . (53)

The health state dynamics in recursive formulation, given health state Ω and lockdown policy L,

are described by the following system of difference equations:

S′ =
[
1−

(
ρ1 (1− L)2 + ρ2

)
I
]

S (54)

I′ =
[
1− ρ3 − ρ4 +

(
ρ1 (1− L)2 + ρ2

)
S
]

I (55)

R′ = R + ρ3 I (56)

D′ = D + ρ4 I. (57)

Special attention must be paid to the treatment of corner cases, in which one or more of S′, I′, R′,

or D′ fall outside of the feasible range [0, 1]. In this case, flow rates between all health states (i.e.,

not just the infeasible health states) need to be adjusted to guarantee (S′, I′, R′, D′) ∈ [0, 1]4.

The health state dynamics in the sequence formulation for t ≥ 1, given initial health state

(S0, I0, R0, D0), are given by

Rt = R0 + ρ3

t−1

∑
τ=0

Iτ (58)

Dt = D0 + ρ4

t−1

∑
τ=0

Iτ (59)

If R0 = D0 = 0, which we assume throughout, then we can combine equations (58) and (59) to get

Dt =
ρ4

ρ3
Rt (60)

Furthermore, from the adding-up constraint in equation (51) we have

St = 1− It − Rt − Dt (61)

= 1− It −
(

1 +
ρ4

ρ3

)
Rt. (62)

Therefore, as long as R0 = D0 = 0, then we can write the entire problem in terms of the reduced
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health state (It, Rt). Note that this formulation implicitly restricts the set of feasible health states

(S, I, R, D).

Factor input prices are given by

cost of intermediate inputs (fixed): r > 0 (63)

competitive wage (determined in equilibrium): w > 0. (64)

The productivity penalty factor from being infected is

γ ∈ [0, 1] . (65)

Aggregate economic quantities are as follows:

aggregate investment in intermediate inputs: x (66)

aggregate effective labor supply: ` ≤ ` (Ω, L) (67)

upper bound on aggregate effective labor supply: ` (Ω, L) = (1− L) (S + γI + R) (68)

gross output: y (x, `) = Axα`1−α (69)

aggregate consumption: c = w` (70)

aggregate payments to intermediate-input suppliers: d = rx. (71)

Per-capita (alive) economic quantities are as follows:

per-capita consumption: c =
c

S + I + R
(72)

flow value of being alive: ν ∈ R. (73)

The period utility function is taken to be

u (c, Ω) = (S + I + R) (ln(c) + ν) . (74)
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The inter-period discount factor is

β ∈ [0, 1] . (75)

B.2 Problem with Commitment

In the problem with commitment, the period state for all agents is Ω. The firm takes as given

lockdown policy each period, which it treats as known. In turn, the government with commitment

anticipates that the firm will react to its contemporaneous lockdown policy, which it chooses based

on the prevailing health state Ω.

The firm’s period profits, given health state Ω and lockdown policy L, are

π (Ω, L) = max
x,`

{
Axα`1−α − rx− w`

}
(76)

s.t. x ≥ 0

` ∈ [0, (1− L) (S + γI + R)]

r, w given.

The firm’s optimality conditions with respect to investment x and labor ` are

[∂x] : r = αAxα−1`1−α (77)

=⇒ x =

(
αA
r

)1/(1−α)

` (78)

[∂`] : w = (1− α) Axα`−α (79)

=⇒ w = (1− α) A1/(1−α)
(α

r

)α/(1−α)
, (80)

which shows that wages are invariant to lockdown policy or the health state.

Furthermore, market clearing imposes that

` = (1− L) (S + γI + R) . (81)

Aggregate consumption is then given by
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c = w` (82)

= (1− α) Axα`1−α (83)

= (1− α) A1/(1−α)
(α

r

)α/(1−α)
`. (84)

Per-capita consumption is

c =
(1− α) A1/(1−α)

(
α
r

)α/(1−α)
`

S + I + R
. (85)

Aggregate payments to intermediate-input suppliers are

d = rx (86)

= αAxα`1−α (87)

=

(
1
r

)α/(1−α)

(αA)1/(1−α) `. (88)

Putting everything together, the government with commitment solves

Ve (Ω) = max
L

{
u (c, Ω) + βVe (Ω′)} (89)

s.t. L ∈ [0, 1]

c = (1− α) A1/(1−α)
(α

r

)α/(1−α)
(1− L) (S + γI + R)

Ω′ = Γ (Ω, L) .

B.3 Problem without Commitment

In the problem without commitment, the period state for the firm is Ω, while that for the govern-

ment is (x, Ω). The firm anticipates the government’s lockdown policy L each period and chooses

investment x according to the same no-arbitrage condition as in equation (78):

x =

(
αA
r

)1/(1−α)

`. (90)
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Given investment x and lockdown policy L, labor input ` is chosen to maximize profits:

π (x, Ω, L) = max
`

{
Axα`1−α − rx− w`

}
(91)

s.t. ` ∈ [0, (1− L) (S + γI + R)] .

This yields the following first-order necessary condition for optimality:

[∂`] : w = (1− α) Axα`−α (92)

=⇒ w = (1− α) A1/(1−α)
(α

r

)α/(1−α)
, (93)

which shows that wages are invariant to lockdown policy or the health state.

Market clearing imposes that

` = (1− L) (S + γI + R) . (94)

However, the government with no commitment treats the firm’s investment x as sunk and not

affected by its contemporaneous lockdown policy, which it chooses based on the prevailing state

(x, Ω). Mathematically, this means that the no-arbitrage condition in equation (78) still holds but

is plugged into the firm optimality condition after taking FOCs, rather than being plugged into

the firm’s problem before taking FOCs, which would be the case under commitment.

We are looking for a Markov perfect equilibrium in which the firm chooses investment xn (Ω)

as a function of the prevailing health state Ω and as the best response to the government lockdown

policy L (xn (Ω) , Ω), which itself is chosen based on the firm’s choice of investment xn (Ω) and

the prevailing health state Ω.
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Putting everything together, the government with no commitment solves

Wn (x, Ω) = max
L

{
u (c, Ω) + βVn (Ω′)} (95)

Vn (Ω′) = max
L′

{
u
(
c′, Ω′

)
+ βVn (Γ (Ω′, L′

))}
s.t. L, L′ ∈ [0, 1]

c = (1− α) Axα [(1− L) (S + γI + R)]1−α

c′ = (1− α) A
[
xn (Ω′)]α [(1− L′

) (
S′ + γI′ + R′

)]1−α ;

xn (Ω′) and L′
(
xn (Ω′) , Ω′

)
form a Markov perfect equilibrium given Ω′:

Ω′ = Γ (Ω, L)

B.4 Optimal Lockdown Policy with and without Commitment

Then, the FOC for the government with commitment is

d
dL

[u + βVe] = 0 (96)

⇐⇒ ∂c
∂L

∂u
∂c

+ β
dVe

dL
= 0 (97)

⇐⇒ − (1− α) A
1

1−α

(α

r

) α
1−α

(S + γI + R)︸ ︷︷ ︸
= ∂c

∂L

1

(1− α) A1/(1−α)
(

α
r
) α

1−α (1− L) (S + γI + R)︸ ︷︷ ︸
= ∂u

∂c

(98)

+ β
dVe

dL
= 0

⇐⇒ 1
1− L

= β
dVe

dL
. (99)

In comparison, the FOC for the government with no commitment is

d
dL

[u + βVn] = 0 (100)

⇐⇒ ∂c
∂L

∂u
∂c

+ β
dVn

dL
= 0 (101)

⇐⇒ − (1− α) Axα 1− α

(1− L)α (S + γI + R)1−α

︸ ︷︷ ︸
= ∂c

∂L

1

(1− α) Axα [(1− L) (S + γI + R)]1−α︸ ︷︷ ︸
= ∂u

∂c

+β
dVn

dL
= 0 (102)

⇐⇒ 1− α

1− L
= β

dVn

dL
. (103)
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From this, we see that the government with no commitment behaves as if it weighs current

period utility by a factor (1− α) ∈ (0, 1). In other words, the government with no commitment is

relatively more patient than the government with commitment.

B.5 Vaccine Arrival and Backward Induction

We assume that in period T ≥ 0, a vaccine arrives deterministically, preventing any new infections

from date T onwards. The same formulation as above applies, but with time entering the problem.

Specifically, the health state dynamics are now time-dependent:

ρ1,t =


ρ1 for t < T

0 for t ≥ T.
(104)

Note that the infections in period T continue to prevail and evolve according to the health state

dynamics for t ≥ T, taking into account ρ1,t:

Ω′ = Γ (Ω, L, t) . (105)

Since the lockdown policy L does not affect health state dynamics for t ≥ T and stricter lock-

downs (i.e., higher values of L) are costly in terms of consumption utility, we know that no lock-

down is optimal for t ≥ T:

L∗ (Ω, t)


∈ [0, 1] for t < T

= 0 for t ≥ T.
(106)

Following this logic, the dynamic program can be split into two parts. First, consider the prob-

lem from date t ≥ T onwards, which is after the arrival of the vaccine. Given that no lockdown is

optimal for t ≥ T, the problem of the government with commitment and that with no commitment
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coincide and can be written as

Vvacc (Ω) = u (c, Ω) + βVvacc (Ω′) (107)

s.t. c = (1− α) A1/(1−α)
(α

r

)α/(1−α)
(S + γI + R) (108)

Ω′ = Γ (Ω, 0) . (109)

Second, consider the problem of the government with or without commitment in period t < T,

which is before the arrival of the vaccine. Given Vvacc (Ω), we can solve for Ve (Ω, t) , Wn (x, Ω, t),

and Vn (Ω, t) by backward induction for t = T − 1, T − 2, . . . , 0.

B.6 Value of a Statistical Life

We calculate the value of a statistical life, VSL, before the arrival of the pandemic as

VSL =
tmax−1

∑
t=0

FVSL
(1 + r)t (110)

=
FVSL

(
1−

( 1
1+r

)tmax)
1− 1

1+r

, (111)

where tmax = 37× 52 = 1, 924 is the average number of residual weeks of life and FVSL is the

weekly flow value of a statistical life. Therefore, the flow value of a statistical life is

FVSL =
VSL×

(
1− 1

1+r

)
1−

( 1
1+r

)tmax (112)

=
VSL× r

1+r

1−
( 1

1+r

)tmax . (113)

To translate the flow value of a statistical life (FVSL) into a flow value of being alive (ν), we

use the standard value of a statistical life calculation (Glover et al., 2020),

FVSL =
u (c, (1, 0, 0, 0))
uc (c, (1, 0, 0, 0))

(114)

=
ln(c) + ν

c
, (115)
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where c is the weekly per-capita consumption before the pandemic and ν is the flow utility from

being alive. Rearranging, we get

ν = FVSL× 1
c
− ln(c). (116)

Assuming a value of VSL of USD 11.5 million (Greenstone and Nigam, 2020) and a weekly

interest rate of r = (1 + 0.03)1/52 − 1, we have FVSL = 9, 827.09. Assuming in addition that

c = 45, 175/52, as in Glover et al. (2020), we get

ν = 9, 827.09× 52
45, 175

− ln
(

45, 175
52

)
(117)

= 4.54. (118)
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Online Appendix

Classification of Intermediate Inputs by Industry

Tables A–E classify materials used as intermediate inputs into categories corresponding to the

definition of investment xt in our model based on data provided by the U.S. Bureau of Economic

Analysis (2021). We classify an intermediate input as corresponding to investment xt in our model

if it satisfies all three of the following criteria:

1. First, we require inputs to be typically purchased in advance and therefore chosen in antici-

pation of future lockdown policy.

2. Second, we require inputs to be such that reimbursement in the event of a surprise lockdown

is unlikely.

3. Finally, we require inputs to be perishable or not easily storable so that mistakenly purchas-

ing them with wrong expectations of future lockdown is costly.

Using the intersection of these three criteria, we find that the cost of intermediate inputs corre-

sponding to investment xt in our model makes up 51.6 percent of the cost of all intermediate

inputs and 78.2 percent of the cost of compensation of employees.
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Table A. Classification of Intermediate Inputs by Industry, Part 1/5

Industry Commodity Total intermediate use Matches definition
code description (millions of USD) of investment xt?
1111A0 Oilseed farming 27,846
1111B0 Grain farming 94,863
111200 Vegetable and melon farming 5,091 X
111300 Fruit and tree nut farming 22,382 X
111400 Greenhouse, nursery, and floriculture production 13,518 X
111900 Other crop farming 14,669 X
112120 Dairy cattle and milk production 43,332 X
1121A0 Beef cattle ranching and farming, including feedlots and dual-purpose ranching and farming 90,318 X
112300 Poultry and egg production 35,968 X
112A00 Animal production, except cattle and poultry and eggs 38,229 X
113000 Forestry and logging 27,289
114000 Fishing, hunting and trapping 12,439 X
115000 Support activities for agriculture and forestry 27,495
211000 Oil and gas extraction 670,607
212100 Coal mining 50,240
212230 Copper, nickel, lead, and zinc mining 9,192
2122A0 Iron, gold, silver, and other metal ore mining 13,199
212310 Stone mining and quarrying 16,870
2123A0 Other nonmetallic mineral mining and quarrying 20,843
213111 Drilling oil and gas wells 3
21311A Other support activities for mining 15,935
221100 Electric power generation, transmission, and distribution 265,454
221200 Natural gas distribution 49,300
221300 Water, sewage and other systems 34,153
233210 Health care structures 0
233262 Educational and vocational structures 0
230301 Nonresidential maintenance and repair 176,096
230302 Residential maintenance and repair 73,151
2332A0 Office and commercial structures 0
233412 Multifamily residential structures 0
2334A0 Other residential structures 5,014
233230 Manufacturing structures 0
2332D0 Other nonresidential structures 0
233240 Power and communication structures 0
233411 Single-family residential structures 0
2332C0 Transportation structures and highways and streets 0
321100 Sawmills and wood preservation 33,247
321200 Veneer, plywood, and engineered wood product manufacturing 25,738
321910 Millwork 26,754
3219A0 All other wood product manufacturing 16,891
327100 Clay product and refractory manufacturing 14,511
327200 Glass and glass product manufacturing 30,585
327310 Cement manufacturing 8,017
327320 Ready-mix concrete manufacturing 30,780
327330 Concrete pipe, brick, and block manufacturing 8,182
327390 Other concrete product manufacturing 11,405
327400 Lime and gypsum product manufacturing 7,744
327910 Abrasive product manufacturing 7,020
327991 Cut stone and stone product manufacturing 3,921
327992 Ground or treated mineral and earth manufacturing 4,582
327993 Mineral wool manufacturing 5,807
327999 Miscellaneous nonmetallic mineral products 4,959
331110 Iron and steel mills and ferroalloy manufacturing 169,856
331200 Steel product manufacturing from purchased steel 14,592
331313 Alumina refining and primary aluminum production 20,022
33131B Aluminum product manufacturing from purchased aluminum 27,108
331410 Nonferrous Metal (except Aluminum) Smelting and Refining 47,750
331420 Copper rolling, drawing, extruding and alloying 25,103
331490 Nonferrous metal (except copper and aluminum) rolling, drawing, extruding and alloying 12,680
331510 Ferrous metal foundries 20,720
331520 Nonferrous metal foundries 13,899
332114 Custom roll forming 9,119
33211A All other forging, stamping, and sintering 16,748
332119 Metal crown, closure, and other metal stamping (except automotive) 13,328
332200 Cutlery and handtool manufacturing 12,412
332310 Plate work and fabricated structural product manufacturing 45,002
332320 Ornamental and architectural metal products manufacturing 47,489
332410 Power boiler and heat exchanger manufacturing 4,190
332420 Metal tank (heavy gauge) manufacturing 5,264
332430 Metal can, box, and other metal container (light gauge) manufacturing 19,792
332500 Hardware manufacturing 16,681
332600 Spring and wire product manufacturing 7,321
332710 Machine shops 39,399
332720 Turned product and screw, nut, and bolt manufacturing 34,549
332800 Coating, engraving, heat treating and allied activities 27,828
332913 Plumbing fixture fitting and trim manufacturing 7,216
33291A Valve and fittings other than plumbing 37,844
332991 Ball and roller bearing manufacturing 10,333
332996 Fabricated pipe and pipe fitting manufacturing 8,927
33299A Ammunition, arms, ordnance, and accessories manufacturing 8,510
332999 Other fabricated metal manufacturing 18,212

Notes: This table shows the classification of intermediate inputs into categories corresponding to the definition of in-
vestment in our model (marked as a X) or not corresponding to it (marked as an empty cell). Data are derived from the
2012 vintage of the Use Table of the Input-Output Accounts Data provided by the U.S. Bureau of Economic Analysis
(2021).
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Table B. Classification of Intermediate Inputs by Industry, Part 2/5

Industry Commodity Total intermediate use Matches definition
code description (millions of USD) of investment xt?
333111 Farm machinery and equipment manufacturing 7,502
333112 Lawn and garden equipment manufacturing 2,016
333120 Construction machinery manufacturing 7,168
333130 Mining and oil and gas field machinery manufacturing 5,038
333242 Semiconductor machinery manufacturing 1,996
33329A Other industrial machinery manufacturing 6,106
333314 Optical instrument and lens manufacturing 3,285
333316 Photographic and photocopying equipment manufacturing 438
333318 Other commercial and service industry machinery manufacturing 11,055
333414 Heating equipment (except warm air furnaces) manufacturing 5,912
333415 Air conditioning, refrigeration, and warm air heating equipment manufacturing 36,616
333413 Industrial and commercial fan and blower and air purification equipment manufacturing 5,199
333511 Industrial mold manufacturing 1,838
333514 Special tool, die, jig, and fixture manufacturing 1,543
333517 Machine tool manufacturing 2,156
33351B Cutting and machine tool accessory, rolling mill, and other metalworking machinery manufacturing 7,399
333611 Turbine and turbine generator set units manufacturing 3,631
333612 Speed changer, industrial high-speed drive, and gear manufacturing 7,996
333613 Mechanical power transmission equipment manufacturing 6,589
333618 Other engine equipment manufacturing 32,616
333912 Air and gas compressor manufacturing 3,116
33391A Pump and pumping equipment manufacturing 6,137
333920 Material handling equipment manufacturing 10,067
333991 Power-driven handtool manufacturing 1,304
333993 Packaging machinery manufacturing 2,878
333994 Industrial process furnace and oven manufacturing 709
33399A Other general purpose machinery manufacturing 9,021
33399B Fluid power process machinery 15,236
334111 Electronic computer manufacturing 1,387
334112 Computer storage device manufacturing 2,159
334118 Computer terminals and other computer peripheral equipment manufacturing 15,209
334210 Telephone apparatus manufacturing 14,845
334220 Broadcast and wireless communications equipment 29,616
334290 Other communications equipment manufacturing 5,476
334413 Semiconductor and related device manufacturing 57,114
334418 Printed circuit assembly (electronic assembly) manufacturing 14,960
33441A Other electronic component manufacturing 36,536
334510 Electromedical and electrotherapeutic apparatus manufacturing 6,975
334511 Search, detection, and navigation instruments manufacturing 14,249
334512 Automatic environmental control manufacturing 3,745
334513 Industrial process variable instruments manufacturing 3,475
334514 Totalizing fluid meter and counting device manufacturing 5,790
334515 Electricity and signal testing instruments manufacturing 5,760
334516 Analytical laboratory instrument manufacturing 2,399
334517 Irradiation apparatus manufacturing 1,070
33451A Watch, clock, and other measuring and controlling device manufacturing 4,370
334300 Audio and video equipment manufacturing 5,442
334610 Manufacturing and reproducing magnetic and optical media 3,729
335110 Electric lamp bulb and part manufacturing 3,544
335120 Lighting fixture manufacturing 20,025
335210 Small electrical appliance manufacturing 4,041
335221 Household cooking appliance manufacturing 713
335222 Household refrigerator and home freezer manufacturing 444
335224 Household laundry equipment manufacturing 384
335228 Other major household appliance manufacturing 4,167
335311 Power, distribution, and specialty transformer manufacturing 2,309
335312 Motor and generator manufacturing 17,100
335313 Switchgear and switchboard apparatus manufacturing 8,036
335314 Relay and industrial control manufacturing 13,690
335911 Storage battery manufacturing 5,634
335912 Primary battery manufacturing 191
335920 Communication and energy wire and cable manufacturing 20,352
335930 Wiring device manufacturing 17,821
335991 Carbon and graphite product manufacturing 3,458
335999 All other miscellaneous electrical equipment and component manufacturing 6,238
336111 Automobile manufacturing 106
336112 Light truck and utility vehicle manufacturing 120
336120 Heavy duty truck manufacturing 5,355
336211 Motor vehicle body manufacturing 6,180
336212 Truck trailer manufacturing 473
336213 Motor home manufacturing 8
336214 Travel trailer and camper manufacturing 1,710
336310 Motor vehicle gasoline engine and engine parts manufacturing 44,693
336320 Motor vehicle electrical and electronic equipment manufacturing 31,803
336350 Motor vehicle transmission and power train parts manufacturing 54,855
336360 Motor vehicle seating and interior trim manufacturing 29,331
336370 Motor vehicle metal stamping 30,769
336390 Other Motor Vehicle Parts Manufacturing 65,693
3363A0 Motor vehicle steering, suspension component (except spring), and brake systems manufacturing 35,205
336411 Aircraft manufacturing 20,602
336412 Aircraft engine and engine parts manufacturing 30,432

Notes: This table shows the classification of intermediate inputs into categories corresponding to the definition of in-
vestment in our model (marked as a X) or not corresponding to it (marked as an empty cell). Data are derived from the
2012 vintage of the Use Table of the Input-Output Accounts Data provided by the U.S. Bureau of Economic Analysis
(2021).
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Table C. Classification of Intermediate Inputs by Industry, Part 3/5

Industry Commodity Total intermediate use Matches definition
code description (millions of USD) of investment xt?
336413 Other aircraft parts and auxiliary equipment manufacturing 25,897
336414 Guided missile and space vehicle manufacturing 3,402
33641A Propulsion units and parts for space vehicles and guided missiles 4,070
336500 Railroad rolling stock manufacturing 4,838
336611 Ship building and repairing 6,285
336612 Boat building 252
336991 Motorcycle, bicycle, and parts manufacturing 1,376
336992 Military armored vehicle, tank, and tank component manufacturing 1,462
336999 All other transportation equipment manufacturing 1,244
337110 Wood kitchen cabinet and countertop manufacturing 20,616
337121 Upholstered household furniture manufacturing 367
337122 Nonupholstered wood household furniture manufacturing 490
337127 Institutional furniture manufacturing 777
33712N Other household nonupholstered furniture 403
337215 Showcase, partition, shelving, and locker manufacturing 6,648
33721A Office furniture and custom architectural woodwork and millwork manufacturing 7,674
337900 Other furniture related product manufacturing 715
339112 Surgical and medical instrument manufacturing 21,039
339113 Surgical appliance and supplies manufacturing 29,420
339114 Dental equipment and supplies manufacturing 3,812
339115 Ophthalmic goods manufacturing 102
339116 Dental laboratories 6,195
339910 Jewelry and silverware manufacturing 3,333
339920 Sporting and athletic goods manufacturing 1,876
339930 Doll, toy, and game manufacturing 820
339940 Office supplies (except paper) manufacturing 2,596
339950 Sign manufacturing 867
339990 All other miscellaneous manufacturing 22,670
311111 Dog and cat food manufacturing 3,959
311119 Other animal food manufacturing 50,109
311210 Flour milling and malt manufacturing 17,801
311221 Wet corn milling 16,719
311225 Fats and oils refining and blending 15,398
311224 Soybean and other oilseed processing 42,488
311230 Breakfast cereal manufacturing 495
311300 Sugar and confectionery product manufacturing 19,089
311410 Frozen food manufacturing 8,147
311420 Fruit and vegetable canning, pickling, and drying 16,988
311513 Cheese manufacturing 26,764
311514 Dry, condensed, and evaporated dairy product manufacturing 11,492
31151A Fluid milk and butter manufacturing 15,611
311520 Ice cream and frozen dessert manufacturing 5,928
311615 Poultry processing 21,476
31161A Animal (except poultry) slaughtering, rendering, and processing 72,881
311700 Seafood product preparation and packaging 9,820
311810 Bread and bakery product manufacturing 7,167
3118A0 Cookie, cracker, pasta, and tortilla manufacturing 3,434
311910 Snack food manufacturing 4,901
311920 Coffee and tea manufacturing 7,666
311930 Flavoring syrup and concentrate manufacturing 14,293
311940 Seasoning and dressing manufacturing 10,480
311990 All other food manufacturing 6,664
312110 Soft drink and ice manufacturing 6,764
312120 Breweries 11,746
312130 Wineries 7,970
312140 Distilleries 16,786
312200 Tobacco product manufacturing 3,886
313100 Fiber, yarn, and thread mills 4,496
313200 Fabric mills 15,298
313300 Textile and fabric finishing and fabric coating mills 10,473
314110 Carpet and rug mills 4,877
314120 Curtain and linen mills 7,944
314900 Other textile product mills 17,326
315000 Apparel manufacturing 9,050
316000 Leather and allied product manufacturing 9,198
322110 Pulp mills 5,896
322120 Paper mills 41,568
322130 Paperboard mills 35,641
322210 Paperboard container manufacturing 57,673
322220 Paper Bag and Coated and Treated Paper Manufacturing 22,038
322230 Stationery product manufacturing 7,518
322291 Sanitary paper product manufacturing 5,464
322299 All other converted paper product manufacturing 5,737
323110 Printing 67,647
323120 Support activities for printing 4,914
324110 Petroleum refineries 554,672
324121 Asphalt paving mixture and block manufacturing 16,272
324122 Asphalt shingle and coating materials manufacturing 11,552
324190 Other petroleum and coal products manufacturing 30,659
325110 Petrochemical manufacturing 117,678
325120 Industrial gas manufacturing 8,642

Notes: This table shows the classification of intermediate inputs into categories corresponding to the definition of in-
vestment in our model (marked as a X) or not corresponding to it (marked as an empty cell). Data are derived from the
2012 vintage of the Use Table of the Input-Output Accounts Data provided by the U.S. Bureau of Economic Analysis
(2021).
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Table D. Classification of Intermediate Inputs by Industry, Part 4/5

Industry Commodity Total intermediate use Matches definition
code description (millions of USD) of investment xt?
325130 Synthetic dye and pigment manufacturing 9,675
325180 Other Basic Inorganic Chemical Manufacturing 40,251
325190 Other basic organic chemical manufacturing 138,337
325211 Plastics material and resin manufacturing 80,446
3252A0 Synthetic rubber and artificial and synthetic fibers and filaments manufacturing 23,433
325411 Medicinal and botanical manufacturing 17,656
325412 Pharmaceutical preparation manufacturing 24,311
325413 In-vitro diagnostic substance manufacturing 16,663
325414 Biological product (except diagnostic) manufacturing 46,720
325310 Fertilizer manufacturing 52,809
325320 Pesticide and other agricultural chemical manufacturing 17,825
325510 Paint and coating manufacturing 25,438
325520 Adhesive manufacturing 10,280
325610 Soap and cleaning compound manufacturing 24,398
325620 Toilet preparation manufacturing 3,737
325910 Printing ink manufacturing 5,053
3259A0 All other chemical product and preparation manufacturing 47,364
326110 Plastics packaging materials and unlaminated film and sheet manufacturing 43,356
326120 Plastics pipe, pipe fitting, and unlaminated profile shape manufacturing 19,425
326130 Laminated plastics plate, sheet (except packaging), and shape manufacturing 4,173
326140 Polystyrene foam product manufacturing 10,556
326150 Urethane and other foam product (except polystyrene) manufacturing 13,894
326160 Plastics bottle manufacturing 15,112
326190 Other plastics product manufacturing 104,875
326210 Tire manufacturing 21,282
326220 Rubber and plastics hoses and belting manufacturing 7,527
326290 Other rubber product manufacturing 20,620
423100 Motor vehicle and motor vehicle parts and supplies 543
423400 Professional and commercial equipment and supplies 9,738
423600 Household appliances and electrical and electronic goods 4,610
423800 Machinery, equipment, and supplies 2,749
423A00 Other durable goods merchant wholesalers 4,467
424200 Drugs and druggists’ sundries 14,746
424400 Grocery and related product wholesalers 5,344
424700 Petroleum and petroleum products 126
424A00 Other nondurable goods merchant wholesalers 6,407 X
425000 Wholesale electronic markets and agents and brokers 28,080
4200ID Customs duties 0
441000 Motor vehicle and parts dealers 0
445000 Food and beverage stores 0 X
452000 General merchandise stores 0
444000 Building material and garden equipment and supplies dealers 0
446000 Health and personal care stores 0
447000 Gasoline stations 0
448000 Clothing and clothing accessories stores 0
454000 Nonstore retailers 812
4B0000 All other retail 0
481000 Air transportation 66,480 X
482000 Rail transportation 6,191 X
483000 Water transportation 3,428 X
484000 Truck transportation 19,026 X
485000 Transit and ground passenger transportation 32,731 X
486000 Pipeline transportation 274 X
48A000 Scenic and sightseeing transportation and support activities for transportation 113,322 X
492000 Couriers and messengers 56,881 X
493000 Warehousing and storage 111,800 X
511110 Newspaper publishers 714 X
511120 Periodical Publishers 3,267 X
511130 Book publishers 11,505 X
5111A0 Directory, mailing list, and other publishers 4,726 X
511200 Software publishers 19,517 X
512100 Motion picture and video industries 55,451 X
512200 Sound recording industries 7,599 X
515100 Radio and television broadcasting 34,314 X
515200 Cable and other subscription programming 7,556 X
517110 Wired telecommunications carriers 137,364 X
517210 Wireless telecommunications carriers (except satellite) 89,187 X
517A00 Satellite, telecommunications resellers, and all other telecommunications 16,854 X
518200 Data processing, hosting, and related services 77,246 X
519130 Internet publishing and broadcasting and Web search portals 36,921 X
5191A0 News syndicates, libraries, archives and all other information services 3,522 X
522A00 Nondepository credit intermediation and related activities 232,611 X
52A000 Monetary authorities and depository credit intermediation 223,435 X
523900 Other financial investment activities 127,833 X
523A00 Securities and commodity contracts intermediation and brokerage 106,798 X
524113 Direct life insurance carriers 0 X
5241XX Insurance carriers, except direct life 239,704 X
524200 Insurance agencies, brokerages, and related activities 297,292 X
525000 Funds, trusts, and other financial vehicles 11,218 X
531HSO Owner-occupied housing 0 X
531HST Tenant-occupied housing 0 X

Notes: This table shows the classification of intermediate inputs into categories corresponding to the definition of in-
vestment in our model (marked as a X) or not corresponding to it (marked as an empty cell). Data are derived from the
2012 vintage of the Use Table of the Input-Output Accounts Data provided by the U.S. Bureau of Economic Analysis
(2021).
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Table E. Classification of Intermediate Inputs by Industry, Part 5/5

Industry Commodity Total intermediate use Matches definition
code description (millions of USD) of investment xt?
531ORE Other real estate 812,645 X
532100 Automotive equipment rental and leasing 46,215 X
532400 Commercial and industrial machinery and equipment rental and leasing 78,176 X
532A00 General and consumer goods rental 13,586 X
533000 Lessors of nonfinancial intangible assets 93,404 X
541100 Legal services 193,064 X
541511 Custom computer programming services 4,678 X
541512 Computer systems design services 124,487 X
54151A Other computer related services, including facilities management 72,964 X
541200 Accounting, tax preparation, bookkeeping, and payroll services 144,676 X
541300 Architectural, engineering, and related services 223,431 X
541610 Management consulting services 183,715 X
5416A0 Environmental and other technical consulting services 44,415 X
541700 Scientific research and development services 9,302 X
541800 Advertising, public relations, and related services 314,867 X
541400 Specialized design services 22,820 X
541920 Photographic services 3,661 X
541940 Veterinary services 3,037 X
5419A0 All other miscellaneous professional, scientific, and technical services 79,226 X
550000 Management of companies and enterprises 462,399 X
561300 Employment services 246,017 X
561700 Services to buildings and dwellings 126,992 X
561100 Office administrative services 45,737 X
561200 Facilities support services 26,273 X
561400 Business support services 67,909 X
561500 Travel arrangement and reservation services 21,389 X
561600 Investigation and security services 43,573 X
561900 Other support services 30,267 X
562000 Waste management and remediation services 73,383 X
611100 Elementary and secondary schools 0 X
611A00 Junior colleges, colleges, universities, and professional schools 16,362 X
611B00 Other educational services 17,660 X
621100 Offices of physicians 533 X
621200 Offices of dentists 0 X
621300 Offices of other health practitioners 2,148 X
621400 Outpatient care centers 965 X
621500 Medical and diagnostic laboratories 17,111 X
621600 Home health care services 0 X
621900 Other ambulatory health care services 11,390 X
622000 Hospitals 195 X
623A00 Nursing and community care facilities 2,009 X
623B00 Residential mental health, substance abuse, and other residential care facilities 536 X
624100 Individual and family services 0 X
624400 Child day care services 156 X
624A00 Community food, housing, and other relief services, including rehabilitation services 0 X
711100 Performing arts companies 5,363 X
711200 Spectator sports 17,088 X
711500 Independent artists, writers, and performers 32,539 X
711A00 Promoters of performing arts and sports and agents for public figures 12,614 X
712000 Museums, historical sites, zoos, and parks 0 X
713100 Amusement parks and arcades 314 X
713200 Gambling industries (except casino hotels) 202 X
713900 Other amusement and recreation industries 5,211 X
721000 Accommodation 50,971 X
722110 Full-service restaurants 66,858 X
722211 Limited-service restaurants 26,480 X
722A00 All other food and drinking places 64,728 X
811100 Automotive repair and maintenance 47,668 X
811200 Electronic and precision equipment repair and maintenance 42,373 X
811300 Commercial and industrial machinery and equipment repair and maintenance 59,666 X
811400 Personal and household goods repair and maintenance 18,003 X
812100 Personal care services 359 X
812200 Death care services 0 X
812300 Dry-cleaning and laundry services 13,793 X
812900 Other personal services 7,796 X
813100 Religious organizations 0 X
813A00 Grantmaking, giving, and social advocacy organizations 220 X
813B00 Civic, social, professional, and similar organizations 17,135 X
814000 Private households 0
S00500 Federal general government (defense) 0 X
S00600 Federal general government (nondefense) 0 X
491000 Postal service 54,235 X
S00102 Other federal government enterprises 13,752 X
GSLGE State and local government educational services 0 X
GSLGH State and local government hospitals and health services 0 X
GSLGO State and local government other services 0 X
S00203 Other state and local government enterprises 26,362 X
S00401 Scrap 39,377
S00402 Used and secondhand goods 22,112
S00300 Noncomparable imports 117,362
S00900 Rest of the world adjustment 0

Notes: This table shows the classification of intermediate inputs into categories corresponding to the definition of in-
vestment in our model (marked as a X) or not corresponding to it (marked as an empty cell). Data are derived from the
2012 vintage of the Use Table of the Input-Output Accounts Data provided by the U.S. Bureau of Economic Analysis
(2021).
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