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1 Introduction

Jean-Baptiste Say is famously misquoted for stating the Law “supply creates its own
demand.” In this paper, we introduce a concept that might be accurately portrayed as
“supply creates its own excess demand”. Namely, a negative supply shock can trigger a
demand shortage that leads to a contraction in output and employment larger than the
supply shock itself. We call supply shocks with these properties Keynesian supply shocks.

Temporary negative supply shocks, such as those caused by a pandemic, reduce output
and employment.! As dire as they may be, supply shock recessions are partly an efficient
response to a lower capacity of the economy to produce goods and services. However,
can a supply shock induce too sharp a fall in output and employment, going beyond the
efficient response? Can it lead to a drop in output and employment in sectors not directly
affected? Which policy instruments can be used to restore efficiency?

These are the questions we seek to address in this paper. They are also the questions
behind debates over monetary and fiscal policy responses to the COVID-19 epidemic and
the ensuing economic fallout.

A simple perspective on the effects of the pandemic casts the issue as one of aggregate
supply versus aggregate demand, whether the shock to one or the other is greater. Some
have expressed skepticism that any demand stimulus is warranted in response to what
is essentially a supply shock. Others claim that the pandemic shock can cause output
losses larger than efficient. For example, Gourinchas (2020) argues for macro measures
aimed at “flattening the recession curve.” This unsettled debate illustrates that a discussion
focused on demand versus supply opens up many possibilities, but leaves many questions
unanswered. What forces would induce demand to contract more than supply?

The perspective we offer here is different and based on the notion that supply and
demand forces are intertwined: demand is endogenous and affected by the supply shock
and other features of the economy. Our analysis uncovers mechanisms by which supply
shocks end up creating a demand deficiency. One basic intuition is that when workers
lose their income, due to the shock, they reduce their spending, causing a contraction in

demand. However, the question is whether this mechanism is strong enough to cause an

!Throughout the paper, to simplify, we make the semantic choice of referring to the macroeconomic
effect of a pandemic as a “supply shock”. More generally, our analysis applies to any shock that reduces
the efficient level of output and shows under what condition they lead to an even larger drop in aggregate
demand. This includes, for example, the effect of consumers choosing to stay at home to avoid infection.
At the microeconomic level, it makes sense to describe such behavior as a negative demand shock. At the
macroeconomic level, what matters is whether the gains from trade between producers and consumers are
diminished. Section 3.3.3 spells out this equivalence in our model.



overall shortfall in demand. As we show, the answer is more subtle than one might guess
at first glance.

First, we show that in one-sector economies the answer is negative: the drop in supply
dominates. The result is well-known in a representative agent economy. Less obviously,
we show that it holds in richer incomplete market models that allow for heterogeneous
agents, uninsurable income risk and liquidity constraints, creating differences in marginal
propensities to consume (MPC). In these models, a mechanism from income loss to lower
demand is present, but although it makes the drop in aggregate demand larger than in
the representative agent case, the drop is still smaller than the drop in output due to the
supply shock. Intuitively, the MPC for someone losing income may be large, but is still
bounded above by one. Thus, the drop in consumption is always a dampened version of
their income losses.

We then turn to economies with multiple sectors. When there is a shock that is con-
centrated in certain sectors, as, for example, a shutdown of contact-intensive businesses
in response to an epidemic, there is greater scope for total spending to contract. The fact
that some goods are no longer available makes it less attractive to spend overall. An
interpretation is that the shutdown increases the shadow price of the goods in the affected
sectors, making total current consumption more expensive, and thus inducing a shift away
from current consumption and in favor of future consumption. On the other hand, the
unavailability of some sectors” goods shifts spending towards the other sectors, through a
substitution channel. Whether or not full employment is maintained in the sectors not shut
down depends on the relative strength of these two effects. In particular, in a representative
agent economy, a demand deficiency arises if the intertemporal elasticity of substitution is
larger than the elasticity of substitution across sectors.?

We then turn to incomplete markets and show that the condition for a demand defi-
ciency in the unaffected sectors becomes less stringent. Intuitively, if workers in the affected
sectors lose their jobs and incomes, their consumption drops significantly if they are credit
constrained and have high MPCs. To make up for this, workers in the unaffected sectors
have to increase by more their demand for unaffected goods. If the degree of substitution
across sectors is low enough or the intertemporal elasticity of substitution is high enough,
the effect of the income losses dominates and employment falls in the unaffected sector.

Figure 1 illustrates this logic for two sectors, A and B. When sector A gets shocked,
all output stops being produced in that sector. In a representative agent setting, agents

ZRowe (2020) provides a colorful and careful intuition for this possibility.
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Figure 1: How negative supply shocks can lead to demand shortages

working in both sectors pool their income and spend it across sectors identically. Here,
the difference between inter- and intra-temporal elasticities is all that matters for whether
sector B is affected by the shock in sector A. Figure 1(b) illustrates the knife-edge case
where the two elasticities are equal and sector B is unaffected. Panel (c) then emphasizes
that with incomplete markets, even this case causes sector B to go into a recession, as sector
A workers cut back their spending on sector B.

The fact that aggregate demand causes a recession above and beyond the reduction in
supply might lead one to expect that fiscal policy interventions are powerful in keeping
aggregate demand up. We show that this is a false conclusion. First of all, the marginal
propensity to consume (MPC) may be low, at least among consumers that are not borrowing
constrained. More importantly, and more surprisingly, even if MPCs are high due to the
loss of income and borrowing constraints, the standard Keynesian cross logic behind
tiscal multipliers is not operational: there are no second-round effects, so the multiplier
of government purchases is 1 and that of transfers is less than 1. To see this, note that
the highest-MPC agents in the economy are the former employees of the shocked sector.
They do not benefit from any government spending. They do benefit from direct transfers,
but their spending does not return to them as income. Thus, the typical Keynesian-cross
amplification is broken as the highest-MPC agents in the economy do not benefit from
increased spending by households or by the government.

An important transmission channel for supply and demand shocks across sectors are
supply chains. We highlight this issue in an extension of our basic model, in which sector
A uses sector B goods as an input. In that case, a negative supply shock to sector A travels

upstream to sector B as a demand shock. We show that this unambiguously increases the



likelihood that the supply shock turns into a demand shortage in sector B.

We next extend our baseline model to a firm-level perspective, introducing individual
firms that can decide whether to remain open for business and whether to pay their workers,
even when inactive. This extension provides us with a basis to study two important
phenomena.

First, we study the decision of sector A firms to keep paying their workers, i.e., to hoard
labor. Firms may want to do so due to labor market frictions that make future rehiring
costly. We show that labor hoarding unambiguously aids the economy, as it provides
insurance to workers hit by the shock. We also show that easy monetary policy can be used
to incentivize firms” labor hoarding. Similarly, if hoarding is stymied by liquidity problems,
liquidity injections by the central bank can help.

Second, we study the decision of sector B firms to exit. We identify an amplification
mechanism, which we dub the business exit multiplier. If the shock in sector A reduces
demand in sector B, some businesses in that sector can become unwilling or unable to
stay open. When these businesses close and lay off workers, that produces an additional,
endogenous Keynesian supply shock, which amplifies the initial one. This force can lead to
shutting down more of the economy than the original shock. We discuss policy proposals
to keep businesses running during the pandemic.

Finally, we study the jointly optimal health and macroeconomic policy caused by
a pandemic. We nest our previous model in a setting that explicitly captures health
concerns, both private and social, and study the role of Pigouvian policies to correct health
externalities, in combination with macro stabilization policies. We show that the first best
policy in our model involves closing down contact-intensive sectors and making insurance

payments to affected workers.

Related Literature

Our paper is related both to papers motivated by the COVID-19 pandemic and to earlier
work about demand spillovers across sectors.

Among early COVID-motivated papers is Fornaro and Wolf (2020) which considers
a standard New Keynesian representative-agent economy and studies a pandemic as
a negative shock to the growth rate in productivity. They also consider endogenous
technological change and stagnation traps. Faria e Castro (2020) studies different forms
of fiscal policy in a calibrated DSGE New Keynesian model. The model builds on Faria e
Castro (2018) and features incomplete markets in the form of borrowers and savers with

financial frictions. The pandemic is modeled as a large negative shock to the utility of
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consumption. In contrast to both papers, we focus on temporary shocks to supply and and
study cross-sectoral demand spillovers. There is also a set of papers that have been building
on epidemiological models of contagion, embedding them in an economic environment,
including Alvarez et al. (2020), Atkeson (2020), Berger, Herkenhoff and Mongey (2020),
Eichenbaum, Rebelo and Trabandt (2020), Kaplan et al. (2020).

Jorda et al. (2020) provide time-series evidence from historical pandemics on the impact
on rates of return. The pandemics they study are persistent, with large numbers casualties.
They find evidence that pandemics reduce the real rate of interest. It is not clear if this is
comparable to the events we focus on, since we do not focus on the longer-term effects of
death, but instead on the shorter-term effects of shutdowns that respond to the pandemic.

Since our paper was first circulated, there has been an unprecedented growth in macroe-
conomic research on the effects of COVID-19. Woodford (2020) studies a multi-sector
model with incomplete markets like ours, but allows workers in difference sectors to have
different preferences. This kind of heterogeneity creates a “circular flow of payments” that
has the potential to amplify the effect of the shock and increase the transfer multiplier.
As in our paper, targeted transfers are key to an optimal policy response. Caballero and
Simsek (2020) emphasize the role of risk-taking, finding that redistribution through asset
prices can induce drops in demand. Baqaee and Farhi (2020) explore the implications of
a rich input-output network structure, more general than the simple one we explore in
Section 3.3.1. In the more empirical area, several papers look at the responses of consumer
spending in real time, including Andersen et al. (2020), Carvalho et al. (2020), Chetty et
al. (2020), and Cox et al. (2020). Two papers, Brinca et al. (2020) and Balleer et al. (2020),
explicitly try to separate demand from supply shocks. There is also a growing set of
quantitative/calibrated papers focusing on the effects of fiscal policy, including Mitman
et al. (2020) and Bayer et al. (2020), and on the sectoral structure, including Danieli and
Olmstead-Rumsey (2020).

There have also been a number of policy proposals related to COVID-19. Among the
ones closest to the results in this paper are those in Baldwin and Weder di Mauro (2020),
Gopinath (2020), Gourinchas (2020), Hamilton and Veuger (2020), Hanson et al. (2020),
Saez and Zucman (2020), and Sahm (2020).

The role of demand spillovers across sectors plays an important role in non-pandemic-
related areas too, in particular in the study of economic growth and sectoral change
(Murphy et al. (1989), Matsuyama (2000)) and in international macro, which focuses on the
transmission of productivity changes from the domestic tradable sector to non-tradables
and foreign produced goods (Corsetti et al. (2008)). A recent paper that uses these cross-



sectoral spillovers to provide an interpretation of structural forces at work in the Great
Recession is Gatti et al. (2012), and a paper that estimates regional demand spillovers is
Huber (2018). Cross-sectoral effects also play a central role in understanding comovement
and labor supply responses following demand shocks, as investigated in Beaudry and
Portier (2014).

2 Single Sector: Standard Supply Shocks Even with Incom-
plete Markets

We being by studying the effects of a supply shock in a one-sector model. Supply shocks
have standard features here: they never cause demand effects strong enough to dominate
the effects on the supply side. This applies even in economies with heterogenous agents
and incomplete markets.

The framework we use for this section, and that we expand on in later sections, is a
standard infinite horizon model with a single good. The model is populated by a unit mass
of agents whose preferences are represented by the utility function

Y AU (cr), W
=0

where c; is consumption and U (¢) = ¢'~/7/ (1 — 1/¢), so agents have constant intertem-
poral elasticity of substitution ¢. Each agent is endowed with 77 > 0 units of labor which
are supplied inelastically. Competitive firms produce the final good from labor using the
linear technology

Y; = N

The supply shock we study is inspired by the recent COVID-19 epidemic but relevant
more generally: a fraction ¢ > 0 of agents is unable to produce in period t = 0. This is
meant to capture that the epidemic makes it unsafe for some goods to be produced and
consumed, because it would increase the chance of infection for consumers and workers.?
Our shock is a stand-in for the effects of individual decisions or government regulations
seeking protection from contagion.* The important point is that a subset of agents can

no longer supply their labor endowments. We assume the shock was not anticipated and

3 At a microeconomic level, one might call cases where working is unsafe a supply shock, and cases
where consuming is unsafe a demand shock. At a macroeconomic level, both have the same implication, as
explained in Section 3.3.3.

4In Section 7 we model explicitly health objectives.
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that starting at t = 1 all agents can again supply their full labor endowments of 7, so the
economy recovers in one period.

We analyze the effects of this supply shock separately for two versions of the model;
tirst, with complete markets, or equivalently, a representative agent; then, with incomplete
markets. In both cases, we look at two indicators—the response of the natural interest rate
and the response of output if the real interest rate does not (or cannot) adjust in line with
the natural rate. These indicators reveal whether the supply shock has standard effects or
Keynesian effects. In the first case, the natural interest rate increases and aggregate demand
falls less than aggregate supply at a constant interest rate. In the second, the natural interest

rate falls and aggregate demand falls more than aggregate supply at a constant rate.

2.1 Complete Markets

Consider first the case of complete markets, which is equivalent to that of a representative
agent. The argument here is well known, but it is useful to review it to set the stage
for the rest of the analysis. Since markets are complete, the supply shock reduces the
representative agent’s labor supply from 7 to (1 — ¢)7 in period t = 0.

What happens to the natural interest rate? Consider the flexible price version of this
economy in which labor is always fully employed. The effect of the labor supply shock is
mechanical: consumption falls at ¢t = 0 before returning to its previous level. Thus, at date

t = 0, the natural interest rate is

. 1U (- ¢)n)
Y BT

and is above its steady state level of 1/.

1
- )
>/3 (2)

The fact that the natural interest rate increases is a sign that there is no shortage of
demand, in fact the opposite. To corroborate this logic, we introduce nominal rigidities. A
convenient and tractable way to do so is to assume that nominal wages W; are downwardly
rigid. If labor demand falls below labor supply, nominal wages remain unchanged at W;_;
and there is unemployment. We continue to assume that firms are competitive, so nominal
prices are equal to nominal wages, Py = W;, and the real wage is w; = 1.

After the supply shock, however, demand falls less than supply so there is no unem-
ployment. To see why, consider the following experiment. Assume that the central bank
ensures full employment at all future dates so c; =7 for t = 1,2, .... Assume also that at

t = 0 the central bank tries to keep the real interest rate r; at its steady state level 1/ — 1.



Consumption is then purely determined by the forward looking condition

1
u’ (co) = ,B—U/ (n).
p
Aggregate demand is then ¢y = 7, and exceeds aggregate supply, which is (1 — ¢)71.° We
summarize the results with complete markets.

Proposition 1. In the single-sector model with complete markets, a negative supply shock increases
the natural interest rate. If the real rate does not adjust, there is excess demand in the labor market.

An alternative interpretation of Proposition 1 is that the negative supply shock is
equivalent to a positive news shock, as at t = 0 the representative agent learns that labor
endowments will increase over time, from (1 — ¢)7 to 71. This explains why labor demand

exceeds supply at t = 0 unless the real interest rate adjusts.

2.2 Incomplete Markets

Next we move to an economy with incomplete markets. The effects of the supply shock are
less obvious here. After all, those hit by the shock lose their earnings and, in the presence
of market incompleteness, will need to cut back their spending. We focus on a simple
incomplete markets model, but our results hold more generally.®
We label agents by i € [0,1]. Each agent i maximizes utility (1) subject to the budget
constraint
cit + air < wing + (1+714-1)a; 1.

>This cannot be an equilibrium, so the real rate has to increase up to the natural rate. For our purposes
here, we do not need to specify the mechanism by which equilibrium is restored. A simple possibility is to
assume that the central bank follows the rule iy = i* 4 b7, where i* = 1/ — 11is the steady state natural rate
and 7t; is current inflation. At t = 0 excess demand in the labor market causes nominal wages to increase.
This produces price inflation up to the point where i* + by equals the value ¢ in (2). From t = 1 onwards
the equilibrium has i; = i* and zero inflation.

Note that we could also relax the fixed labor endowment assumption to consider elastic labor supply
decisions, such as with an additive disutility of labor, and introduce some upward wage rigidity or price
rigidity with monopolistic competition. In such extensions, one can allow the real interest rate to stay below
the natural rate and a boom in employment relative to its natural and efficient level obtains. We work with
the fixed endowments as it is simpler and sufficient for our purposes.

6By focusing on a single shock at time t = 0, we intentionally abstract from well-studied precautionary
effects (e.g. Ravn and Sterk, 2017; Challe, 2020). One reason for doing so is simply to focus and isolate less
studied forces. Another is related to the application to the COVID-19 epidemic: the shock is relatively front
loaded and the idiosyncratic uncertainty as to who it hits is also resolved early on. Arguably the main source
of uncertainty during an epidemic is its duration and this form of uncertainty has no effects on our results.



Agents have access to real, one-period bonds in zero net supply. A fraction u € [0,1) of

agents face the borrowing constraint
aj > 0. 3)

We refer to these agents as “potentially constrained”.

The economy starts in a symmetric steady state with a;; = 0 and c;; = 7 for all agents.
Att = 0, a fraction ¢ of agents are unexpectedly hit by the shock and their labor supply
goes to n;; = 0. The remaining fraction 1 — ¢ has n;; = . The labor supply shock is
independent of whether the agent is a potentially constrained agent or not.

Once again, we begin by characterizing the flexible price equilibrium. Consider first
the fraction u¢ of agents that are potentially constrained and hit by the shock. Since their
income drops to zero and they cannot borrow, their consumption falls to zero, c;; = 0. We
call those agents “constrained”.

Consider next the remaining group of 1 — u¢ agents. These agents are all on their Euler
equation

U’ (cio) = B (1+ro) U' (can),

those not hit by the shock because they turn out to be net savers in equilibrium, those hit
but not subject to (3) because they do not face a borrowing constraint. We call this group
of 1 — u¢ agents “unconstrained”. Due to homothetic preferences (implied by the power
function U(c)) the average consumption of unconstrained agents, denoted in bold ¢, also

satisfies the Euler equation,
U’ (co) = B(1+r0) U (c1). (4)

Since the shock is gone after ¢t = 0 and, on average, unconstrained agents have zero assets,

their average consumption will be equal to their income, so
C1 = . (5)

Note that some unconstrained agents are saving while others are borrowing so that their
consumption paths do not coincide.
Aggregate demand at date t = 0 equals (1 — p¢) cp, so goods market clearing requires

(1—pp)co = (1—9)m. 6)
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Substituting (5) and (6) into the Euler equation (4), we arrive at the natural interest rate

() o
1+r0:Bu/—(n_)>B. (7)
Once again, the natural interest rate cannot decrease in response to the shock, as 1 — ¢ <
1 — u¢. This is a surprising result. Even in the case where the supply shock loads almost
entirely on constrained agents, 4 — 1, and thus causes the largest possible demand
response, the real interest does not decline, it merely stops increasing.” In the opposite
extreme, u — 0, we obtain the same aggregate outcome as the complete markets case.
Now turn to the economy with rigid nominal wages, with the central bank holding the
interest rate at 1 4+ rp = 1/B. To simplify, we assume that if any rationing of labor takes
place, then all workers are equally rationed.® From (4) and (5), we have average demand
of the unconstrained equal to
Cop = 1,

implying that aggregate demand is (1 — pu¢)7 which is larger than aggregate supply
(1 — ¢)n. Again, the supply shock leads to an excess of labor demand, except in the
extreme case y — 1.7

To get an intuition for this result it is useful to think in terms of individual consumption
functions. When the supply shock hits, it reduces agents’ incomes. Assuming full employ-
ment, some agents’ incomes remain unchanged at 71, and some agents” income fall to 0. At
constant interest rates, the consumption of the first group of agents remains the same. The
consumption of the second group of agents falls in proportion to their marginal propensity
to consume (MPC). But MPCs are never bigger than 1, so these agents” demands can never
fall by more than (1 — ¢) 71. In particular, in our model 1 — y agents have MPCs equal to
1 — B, while i agents have MPC equal to 1. The largest drop in demand we can obtain
happens if 1 = 1 when all agents have MPC equal 1. In this case, the shock removes ¢n
units of aggregate supply and removes ¢n units of aggregate demand. In all other cases,
the drop in demand is weaker than the drop in supply.

7By contrast, if the supply shock were to load disproportionately on unconstrained, rather than constrained,
agents, the complete markets conclusion would be reinforced, with an amplified increase in the natural
interest rate. Bilbiie (2008) provides an example of such an economy, as negative technology shocks in his
economy reduce profits going to unconstrained agents.

8Indeed, our results would only be strengthened if rationing were discrete and took place along an
extensive margin, with some workers being fully rationed and others not at all.

9 As discussed earlier, in our model with fixed labor endowments, an equilibrium will thus require a raise
in interest rates.
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As is clear from this intuition, the result transcends the specific simple model used here
and applies to much richer incomplete-markets models with uninsurable idiosyncratic
shocks, as long as there is only a single consumption good. In those models the distribution
of MPCs is richer than in our case. But the fact that MPCs are bounded above at 1 is a
robust feature of this class of models, and it implies the result that aggregate demand
can never fall more than aggregate income, following a shock that shifts down all current
incomes. !’

We summarize the results with incomplete markets.

Proposition 2. In the single-sector model with incomplete markets and y < 1, a negative supply
shock increases the natural interest rate. If the real rate does not adjust, there is excess demand in
the labor market. In the special case in which all agents are constrained, y — 1, the natural interest

rate remains constant.

3 Multiple Sectors: Keynesian Supply Shocks

We now extend the model to include more than one sector. This is a natural extension to
capture a shock like the COVID-19 pandemic with asymmetric impacts across sectors.

We consider two sectors, A and B. Sector A captures activities that require personal
contact, such as restaurants, hotels, and entertainment venues. This is the sector that is
directly impacted due to the health concerns of consumers and workers, or due to public
health policies. Sector B captures the rest of the economy that is not directly impacted.
Workers in sector B can work from home (e.g. accounting services) or their work can be
re-organized to limit contacts (e.g. manufacturing). Assuming all sectors fit in these two
polar extremes (one closed, the other fully open) is simply a useful modeling device.

In the model, a fraction ¢ of agents works in sector A and the remaining fraction 1 — ¢
in sector B. All agents inelastically supply labor 7 to their respective sector. For now, we
assume that workers are perfectly specialized and cannot move between sectors. In 3.3.2,
we consider labor mobility.

The technology to produce both goods is linear

th = th/ (8)

19The conclusion can be overturned by departing from purely negative shocks, to assume that the fun-
damental shock is positive for some agents. For example, suppose we reduce labor endowment for some
fraction ¢ of agents but increase it for the remaining fraction, leaving the average endowment less than or
equal to before. Such a “redistributive” shock can obviously lead to a fall in aggregate consumption beyond
the drop in the aggregate endowment.

12



for j = A, B. Competitive firms in sector j hire workers at the sector-specific wage W;; and
sell good j at price Pj;. Prices Pj; are flexible and, given the technology above, the price of
good j is Py = Wj; in equilibrium.

Consumer preferences are represented by the utility function

Y B'U (car car), 9)
t=0
where e o
o 1 el 1 el\e T o
U (cat cpt) = c—1 pecy +(1—¢)ecg; ’ (10)

so the utility function features constant elasticity of substitution € between the two goods
and constant intertemporal elasticity of substitution c.

For the derivations in the text we use the restriction € > 1, so utility is well defined even
when ¢4 = 0. However, all results apply in the general case with € greater or smaller than
1, by considering a straightforward infinitesimal perturbation of the CES utility function
(10) that allows us to set c4 = 0 also with € < 1. Appendix A.1 contains the details.

Next, we characterize the response of this multi-sector economy to a supply shock that
completely shuts down sector A. As we did for the single sector model, we begin with
complete markets.

3.1 Complete Markets

At the steady state with full employment before the shock we have a unitary relative price
p* = 1of good A in terms of good B, equalized wages w4 = wp = 1, and quantities

ch=Yy=¢n, =YY= (1—¢)n.

For reasons we make clear shortly, it is useful to focus on the real interest rate in terms

of good B, defined as
Ppy

7
Ppi i1

1+r=(1414)

where i; denotes the nominal interest rate and Pp; is the nominal price of the good produced

in sector B. The real interest rate 1 4 r; enters the Euler equation in terms of good B:

U, (catcpr) = B+ 14)Uey (Cat+1,CBE+1) (11)
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where U, denotes the partial derivative of U with respect to cp;. In steady state, this real
interest rate is 1 + r; = 1/ as in the one good economy;, since all consumption levels are
constant.

At date t = 0, the economy is hit by an asymmetric supply shock: all production in
sector A is shut down, so

ca0 = Yao = Nyo = 0.

Of course, employment falls in sector A. That is the inevitable effect of the shock. So, we
ask what happens in sector B. As before, the shock is temporary and the economy goes
back to steady state at t = 1. And, as before, we look first at the natural interest rate and
then we ask what happens if the central bank keeps the real rate unchanged.

Using the representative agent’s Euler equation (11), the natural rate after the shock is

1 U, (0,ch)

1+ry=->—2—21
T B ()

(12)
The natural interest rate falls due to the epidemic shock if the ratio of marginal utilities on

the right-hand side is smaller than 1. Using the functional forms introduced above, this
happens if

o—

€
e—1

Sl

(1—¢)ret < 1. (13)

An immediate implication is the following result.

Proposition 3. In the multi-sector model with complete markets, a supply shock that shuts down
sector A reduces the natural interest rate (12) if and only if

o> e. (14)

To interpret this result, notice that consumer choice is driven by intratemporal and
intertemporal considerations. When good A becomes unavailable, consumers substitute
intratemporally in favor of good B. This increases demand for B. At the same time, when
good A becomes unavailable, consumers respond by intertemporal substituting away
from present consumption to future consumption, since in the future both goods will be
available again. This reduces demand for B. When inequality (14) is satisfied the second
effect is stronger than the first and there is an overall drop in demand for B. To induce
consumers to consume enough to keep sector B at full employment, we need a drop in the
interest rate. We graphically illustrate condition (14) in Figure 2. As mentioned above, the

case € < 1is covered by a limit argument developed in Appendix A.1.
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Figure 2: When are supply shocks Keynesian with a representative agent?

Consider now what happens if nominal wages are downwardly rigid and the central
bank maintains the real interest rate at its steady state value. If (14) is satisfied then there is
an inefficient recession in sector B, and the size of the output drop in sector B is given by

Ypo _ o=c

Thus, when ¢ > € and the central bank does not (or cannot) act, the economy features two
types of job losses: the unavoidable job losses in sector A due to the direct effect of the
shock and the inefficient job losses due to insufficient demand in sector B.

In interpreting the above condition that o > ¢, it is important to bear in mind that €
represents an elasticity of substitution across broad sectors, not across different varieties of
the same good. Thus, € is plausibly quite low. Likewise, c may be interpreted as capturing
an average intertemporal substitutability, including durable goods, not just non-durables.!!
It seems difficult to interpret the large drop in consumer spending during the COVID
epidemic without allowing for a relatively sizable degree of intertemporal substitution.
Another perspective is that the borderline case with ¢ = € corresponds to additive utility,

so the condition ¢ > € requires Hicksian complementarity, a plausible condition across

1We also should stress that our simple and stylized demand system abstracts from many other features,
such as luxury versus necessities, and with only 2 sectors is aggregating broadly. At a lower level of
aggregation many subcategories are likely more substitutable.
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broad sectors. In sum, we think condition (14) might be satisfied for the case of the recent
COVID-19 supply shock. In any case, we shall see that the conditions are weakened when

we discuss incomplete markets, input-output linkages and labor mobility.

Measured, Ideal CPI and Real Interest Rates. Before turning to incomplete markets, we
provide an alternative interpretation of the result above. Notice that the shutdown of sector
A can be interpreted as making the shadow price of good A prohibitively high. The ideal
consumer price index (CPI) in this economy is

1
1—€

P = (gPh <+ (1-9)P )
If we set the price Py; to infinity in period 0, the price index is still well defined if € > 1.
For a given nominal interest rate iy, and assuming zero inflation in good 2, the real interest
rate in terms of the aggregate consumption basket C; is then
(1 i0) 1 = (1 4+i0) (1= )7 > 1o
Proceeding in this way and using the Euler equation U’ (Cy) = B(1+ip) g—‘l’ll’ (Cqp) it
is then possible to re-derive equation (15). We can then reinterpret the shock causing
unemployment in this economy as a shock that, for a given nominal rate, leads to a sharp
temporary increase in the real interest rate, due to the fact that the shadow price of a number
of goods goes up to infinity, as the goods cannot be bought. While this interpretation is
useful, it is a bit harder to match to observables, because the shadow price of the goods
not traded is not observed and their quantity goes to zero. So, in the following we remain
focused on what happens to the real interest rate in terms of the goods that are still traded.
In other words, we focus on the measured CPI, rather than the ideal CPIL.
The discussion above also explains why we work with the real interest rate in terms of
the goods that are traded in all periods, which in this section means good B, as this is the

real interest rate that remains unchanged if the nominal interest is kept unchanged.

3.2 Incomplete Markets

We now generalize this economy to allow for market incompleteness, exactly as in Section 2.
Again, we use a simple description of market incompleteness but all results in this section
generalize to richer setups, e.g. those in Werning (2015). In particular, a random fraction p
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of households is potentially constrained, subject to the borrowing constraint (3), and all
households have the same initial financial wealth a;; = 0.

To derive the response of the natural rate, we focus again on the group of effectively
unconstrained agents, those in sector B and those in sector A that are not constrained.
Denote by cj; the average consumption of good j for this group. The Euler equation
holds for all these agents, and to homothetic preferences it then holds for their average

consumption
. 1 LICB (O,CB()>

~ BUg, (cp1,cp1)

To evaluate this expression at a full employment equilibrium we use the following observa-

147 (16)

tions.
At date t = 0 constrained agents consume zero. Therefore, unconstrained agents must
absorb the whole output of sector B, which is (1 — ¢)7. Since there is a mass 1 — ¢ of

unconstrained consumers, their average consumption must then be

1-¢
1—p¢p

n.

Cpo =

At date t = 1, the average asset holdings among unconstrained consumers is 0— by
market clearing in the bonds market—and their income is 7. Moreover, the relative price
of good A goes back to its original steady state value P4/Pg = 1.!? So their average
consumption is

CA1 = ¢, g1 = (1 —(f)) .

Substituting cpg, c41, and cpy into (16), after a bit of algebra, yields

(1—¢)7et, (17)

Sh=

1+V0=%(1—V¢)

Taking logs and rearranging gives us the following result.

Proposition 4. In the multi-sector model with incomplete markets, a supply shock that shuts down
sector A reduces the natural interest rate in terms of good B if and only if o > € or

log (1 — pu¢) log (1 — u¢)
7> (1 " Tlog(1-¢) ) T Tog(T—g) (18)

12This price does not depend on the wealth distribution due to Gorman aggregation.
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Figure 3: When are supply shocks Keynesian with incomplete markets?

This result is similar to Proposition 3, in that it provides a lower bound on the elas-
ticity of intertemporal substitution. In Proposition 3, the lower bound was given by the
intratemporal elasticity of substitution €. Proposition 4 shows that market incompleteness
relaxes this condition, possibly considerably so. In particular, condition (18) requires ¢ to
lie above a convex combination of € and 1. Moreover, the convex combination converges to
1 as u — 1. Thus, in the extreme case where the borrowing constraint applies to all agents,
the condition for Keynesian supply shocks is simply ¢ > 1. Interestingly, this condition
no longer depends on the elasticity of substitution across goods (as long as € > 1). We
illustrate condition (18) in Figure 3(a).

As in the complete markets case, we extend the result to the region € < 1 using the
limit arguments in Appendix A.1. As can be seen comparing Figures 2 and 3, in that
region market incompleteness does not affect the contour. This, however, is an artifact of
CES preferences. As supply in sector A shrinks, spending on sector A goods relative to
sector B goods increases if € < 1. However, if sector A is entirely gone, intuition suggests
that no spending should be done on sector A goods. To capture this idea, we repeat our
comparison between incomplete and complete markets in Figure 9(b) in a case where CES
preferences are modified to still have a constant elasticity locally, but no longer globally,
allow for a spending share on good A that approaches zero as its price increases without
bounds (see Appendix A.1 for details). With this correction, market incompleteness shifts
down the contour line for any e.

Consider now the case of downward rigid wages and a central bank that keeps the
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real interest rate unchanged, assuming condition (18) holds. The average consumption of

unconstrained consumers is now

Q
_

cpo = (1—¢)

|

n, (19)

so there is a recession in sector B and the output contraction is

50— (1 pg) (1 ), 20)
B

An interpretation using consumption functions. We again provide some intuition for
this result and the role of incomplete markets using individual consumption functions.

We plot the relation between current income vy and individual consumption of good
B assuming the interest rate is fixed at 1/ — 1 and future income and prices are back at
steady state for t = 1,2,... When the shock hits, two things happen. First, the consumption
function shifts, due to the unavailability of good A. In addition, income falls for those in
sector A. Income in sector B may or may not fall, but we examine what happens if it were
to remain at full employment. Then, aggregating all consumers we compute total demand
for good B. If it falls below Y} we are in the Keynesian supply shock region.'?

Figure 4 shows the exercise in the complete market case. In panel (a) we consider the
case 0 = €. In that case, the consumption function shifts up after the shut down of sector A.
The shift of the consumption function is exactly compensated by the drop in income of the
representative agent from 7 to (1 — ¢) 7, so total spending on good B remains unchanged.
In panel (b) we consider a case with o > €, in which the consumption function shifts down.
The drop in income from 7 to (1 — ¢) 71 reinforces the effect, leading to an overall fall in
demand for sector B. So we obtain a Keynesian supply shock, consistent with Proposition 3.

Turn now to incomplete markets. In Figure 5 we plot the consumption function after
the shock, for an incomplete market economy with ¢ = € in the limit case 4 — 1. The
dashed line is the consumption function of an unconstrained agent. The solid line is the
consumption function of a constrained agent, which is piecewise linear and concave. We
do not plot the pre-shock consumption functions to avoid clutter.

With complete markets the income of the representative agent goes from 7 to (1 — ¢) 71
and consumption is equal to Y3 as in panel (a) of Figure 4. With incomplete markets
consumers face heterogeneous income losses and are not insured. Namely, 1 — ¢ sector
B workers get no income loss and stay at 7 (recall that we are asking what happens if we

13The formal details of the construction behind Figures 4 and 5 is in Appendix A.2.
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Figure 4: Consumption functions: complete markets. Dashed blue line: before the shock. Solid red line: after
the shock.

were to stay at full employment), while ¢ sector A workers go from 7 to 0. We can read off
their consumption choices from the constrained consumption function. Due to concavity,
when we average their consumption levels we get an average consumption lower than Y3,
so we get insufficient aggregate demand.

The simple logic behind Figure 5 can be used to derive a simple condition for Keynesian
supply shocks in terms of measurable statistics, instead of model parameters. In Appendix
A.2, we show that the following condition is equivalent to condition (18) in Proposition (4):

——— A Acp

MPC > Acn’ (21)
The left hand side MPC” is the average MPC of sector A workers. The right-hand side is
the change in consumption of good B that is associated with a reduction in spending on
good A—due to the shutdown of sector A—for a given level of income. It can be interpreted
as a form of cross-good marginal propensity to consume as it answers the question: how
would you change your consumption of good B if you were to save temporarily Ac4 by
spending less on good A? This represents the shift in the consumption function in Figure 5.
The left-hand side captures the effects of the income drop in the shocked sector, that is, the
movement to the left along the consumption function. There is a growing literature on the
measurement of the MPCs on the left-hand side. The term on the right-hand side, on the
other hand, is relatively unexplored.
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Figure 5: Consumption functions: incomplete markets. Consumption functions at ¢ = 0. Dashed line:
unconstrained consumer. Solid line: constrained consumer.

No Paradox of Toil. An interesting perspective on the shock analyzed here is that it does
not feature the so-called “paradox of toil.” Eggertsson (2010) points out that in the baseline
new Keynesian model a negative supply shocks is expansionary at the zero lower bound.
This effect comes from the fact that the shock causes higher inflation, moving the real
interest rate down and thus stimulating demand. The type of sectoral shock considered
here has opposite predictions, if condition (18) is satisfied. The temporary unavailability
of the goods in sector A pushes up the “shadow” real interest rate, as argued on page 16.
Moreover, the demand deficiency in sector B creates deflationary pressures in that sector.
In our model the shock only lasts one period and deflation is not modeled, so this second
channel does not act to further depress demand. But it would be easy to extend the model
to allow for that amplification channel, which would go in the direction of causing a deeper

recession.

3.3 Extending the Basic Model

Here we present three simple extensions of our basic model: allowing for an input-output
network structure of production, allowing for labor mobility across sectors, and extending

the range of shocks that can hit sector A.
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3.3.1 Demand Chains

The analysis so far has emphasized the complementarity between the two sectors in
consumer preferences. Introducing input-output relations allows for complementarity in
production. The usual argument is that supply chain disruptions cause an amplification of
supply shocks occurring upstream in the chain (sector A as input into sector B). In contrast,
here we focus on downstream disruptions reducing demand for upstream sectors (sector
B as input into sector A) and use the term “demand chain” to capture the mechanism we
investigate, which amplifies the induced demand shortage.

In particular, we consider the possibility that goods produced in sector B are used as
intermediate inputs by the shocked sector A. Intuitively, restaurants in sector A may buy
goods and services, such as dishwashers and pest control, from sector B to produce their
tinal good. When restaurants shut down, this impacts sector B separately from consumer
responses. We investigate this idea with a simple input-output structure.

We continue to use the same preferences, but change the technology in sector A to the

constant returns to scale technology
Yo = F(X,Ny),

where X denotes good B used as intermediate input in sector A. Good B is still produced
linearly from labor Yp = Np. We choose parameters so that p% = p; = w’ = 1, which
is just a convenient normalization. This implies that, as in Section 3, the parameter ¢ in
the utility function (10) gives the steady state share of A in aggregate consumption. Each
worker supplies 7 units of labor and is fully specialized, with fraction ¢ working in sector
A and fraction 1 — ¢ in sector B. Let x* = X*/Y}, denote the steady state fraction of good
B’s output used as input in sector A. Accounting requires that for any parametrization of
the model we have ¢ < ¢ and x* < ¢.1

Consider now the effect of a temporary shutdown of sector A. Skipping directly to the
incomplete markets case with the real rate at 1/ — 1, the recession in sector B is now given

by

Y g—¢

e = (1= (1= p)x" —pg) (1 - )T (22)
B

With greater x* the output drop is amplified and the condition for a Keynesian supply

4Total consumption equals total income and total income is 7 in steady state, as wages are 1 in both sectors.
Since consumption of B goods is a share 1 — ¢ of total consumption, we have ¢} = (1 — ¢) ii. Moreover,
from goods market clearing at full employment we have ¢ = Y;; — X* = (1 — x*) (1 — ¢) . It follows that
1—¢=(1-x*)(1—¢).The two inequalities follow from x* > 0 and ¢ > 0.
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shock is relaxed, expanding the region in Figure 3. The expression in (22) reveals a useful
intuition. The input share x* acts as if it were a separate constrained agent group that loses
x* income and mechanically lowers its spending on A. The input-output from production
has a marginal propensity to spend of one. In this sense, having demand chains is like
having a higher fraction of constrained agents.

3.3.2 Labor Mobility

So far we have assumed workers cannot move between sectors. We now extend the analysis
to allow a fraction A of workers in each sector to freely move to the either sector. We revert
to the model without demand chains (i.e. x* = 0).

The total fall in output can be decomposed as a drop in natural output and an inefficient
output gap due to the lack of demand. A fraction (1 — A)¢ of workers in A cannot move to
sector B, so natural output is now Yj = Y3, = (1 — (1 — A)¢) 71, and the ratio of natural
output to steady state output

Y*
Y—ﬂ:1—¢+A¢<1

is increasing in A. Mobility makes the supply shock less severe. Equilibrium output can be
c—1

shown to equal Ypp = (1 — (1 — A)¢pp) (1 — ¢) T 71 so equilibrium output also rises with

mobility.!> However, the ratio of equilibrium to natural output

Yo 1—o¢u+App . ool
Y~ (1-9¢)

1-¢+A¢

is decreasing in A. Thus, A > 0 expands the parameter space (€, c) where supply shocks
are Keynesian relative to A = 0.

Complete markets is equivalent to setting # = 0 in the above expressions. In this
case natural output rises with mobility A, while equilibrium output is constant. This
illustrated in panel (a) of Figure (6). The gap between the two lines grows with A. Turning
to incomplete markets y > 0, natural output is rising in mobility, just as with complete
markets. However, equilibrium output is now also rising in labor mobility. Intuitively,
demand is now affected by mobility A because workers moving out of A into B do not
lose as much income. Panel (b) in Figure (6) illustrates this situation. According to our
expressions the ratio of output to natural output falls with A, so that the the gap between
the two lines grows with A. Summing up, labor mobility makes the size of the recession

15The fraction of workers in A that cannot move and are thus effectively constrained is (1 — A) u¢. The

23



(a): Complete markets (b): Incomplete markets

natural output Yjj

output gap

Output Y

equilibrium output Yy

e}
S

Labor mobility A Labor mobility A
Figure 6: Labor mobility and the output gap.

smaller, by buffering income losses, but it raises the level of natural output by still more,

thus making the demand deficiency more severe.

3.3.3 Keynesian spillovers of arbitrary shocks to gains from trade

So far, we have focused on a supply shock to sector A. What if, instead, the shock was not
one to supply but to demand for sector A goods?

To study this case, we introduce a preference shifter 6; into the utility function of
households,

U (cat cpr) = ¢pe (Brcar) © +(1— ‘P)GCBi
c—1

shifting the utility households receive from consuming good A. A value 6; < 1 can capture
the associated health risk with consuming good A. For simplicity, we consider again an
extreme shock, 0y = 0, which hits at date t = 0, but the results hold for arbitrary 6y < 1.
Due to the shock, households set all consumption of good A to zero, c49 = 0. How
does this affect consumption of good B, and the natural interest rate? This depends on how
the marginal utility with respect to good B changes in period t = 0 relative to the steady
state. Since c49 = 0 for both demand and supply shocks, however, the expressions for the
natural interest rate, both with complete and incomplete markets, are identical to the ones

in Section (3). Therefore, our analysis can equally well be understood as a characterization

remaining fraction of workers 1 — ¢u + A¢u consume (19) on average, yielding the desired expression.
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of arbitrary shocks to the gains from trade, hitting demand, supply, or a combination of the

two, which have an asymmetric effect on some sectors of the economy.

4 Fiscal Policy: Multipliers and Social Security

We now turn to fiscal policy. We discuss the size of the multiplier in our environment and

the role for social insurance, including optimal policy.

4.1 The Muted Power of Stimulus Dollar-for-Dollar

To consider the effects of fiscal stimulus, we introduce a stylized government sector. The
government chooses paths of government spending G;, government debt D;, and lump-

sum transfers (or taxes) Tj; targeted to sector j workers, subject to the flow budget constraint
Gt +¢Tar+ (1 —¢) Tt + (1 +11-1)D—1 = Dy

We assume that in the initial steady state, G = T4; = Tp; = Dy = 0.16

We consider two stimulus policies. The first is traditional government spending: the
government purchases an amount Gy of sector B goods at date zero. The second is a targeted
transfer program: the government chooses a positive transfer T4 to sector A workers.
One may think of this roughly as unemployment insurance benefits. For convenience,
we assume that both interventions are financed by a permanent tax on B sector workers

Tp; = Tp < Ofor all t > 1, but discuss other financing choices briefly.

Proposition 5. Consider the incomplete market economy and suppose condition (18) is satisfied.
Suppose the central bank keeps the interest rate at ro = 1/ — 1 and the government chooses small
spending and transfers Go, T a0, Tp that satisfy the government intertemporal budget constraint

(1—PB)(Go+¢Tag) +B(1—¢) T = 0.
Then equilibrium output in sector B is given by
Yo = Go+ upTao + (1 — ugp) (1 — ¢) <=1 Y5 (23)

In particular, there is a unit government spending multiplier and a sector-A transfer multiplier
equal to .

16The budget constraints for a worker 7 in sector j becomes c;; + a;; < wjn;; + (T4+7r1)ay1+ Tjt.
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This is a striking result. The average MPC in the economy is
e = (1 — pugp) x mpct! + uep x mpc®, (24)
where mpc®© = 1 is the MPC of constrained agents and

mpct = 1-F

1= p+p(1-g)

is the MPC of unconstrained agents. This latter MPC is relatively small and vanishes
as B — 1 and is further reduced due to the unavailability of A goods when ¢ > 1.17 A
traditional Keynesian-cross argument would suggest a multiplier of 1/ (1 —mpc) > 1,
which can be large if there is a large fraction of constrained consumers. Various recent
papers show that Keynesian-cross arguments can indeed be used in environments with
heterogeneity and incomplete markets (Gali et al. 2007, Farhi and Werning 2016, Auclert et
al. 2018, Bilbiie 2019). What is different here?

The crucial difference is that sector A is shut down, so no agent can spend on sector A.
This severs the usual virtuous cycle behind the Keynesian multiplier. The usual multiplier
emerges because any initial stimulus increases income, which would then be spent on the
margin; this spending creates still higher income and so on. However, when sector A is
shut down, money spent by agents or the government flows into the pockets of sector
B workers, not of sector A workers with higher MPCs, as illustrated in Figure 1. Thus,
traditional fiscal stimulus is less effective dollar-for-dollar. To see this in more detail, note
that the expression that captures correctly the partial equilibrium response of aggregate
spending to an increase in output Ypg is not (24) but

dy4 dy© 1-8 (25)

1-— x mpcd x —L— + x mpcC x =
(1= ) X mpe™ X 3ms & g X mpes X i Bt B(_g) &

=

=)

where dyu/ dYpo and dyc /dYpo are the sensitivities of the incomes of each group to ag-
gregate date-0 output Ypg. These two quantities are equal to dy! /dYpy = 1/ (1 — u¢) and
dy® /dYpo = 0 in the model, so the weight on constrained agents goes to zero. The obser-
vation that the aggregate effect of shocks depends on the joint distribution of MPCs and

income sensitivities is in line with Patterson (2019). However, the pattern of correlation be-

17See the derivations of the consumption functions in Appendix (A.2). The notation mpc used here denotes
the marginal propensity to consume for an infinitesimal income change, while the notation MPC used in (21)
denotes the marginal propensity to consume for a discrete income change.

26



tween MPCs and sensitivities is negative due to the asymmetric supply shock, as opposed
to positive as estimated by Patterson (2019) during normal times, leading to a dampened
effect of fiscal stimulus.'®

The expression in (25) is small, if 8 is close to 1, but not zero, suggesting a small
but positive consumption response to a Gg shock. Why do we get a unit multiplier in
Proposition 5 instead? The answer has to do with the Ricardian behavior of unconstrained
agents, who anticipate higher taxes in the future to finance Gg. The assumption that all
future taxes fall on sector B workers implies that this Ricardian effect exactly cancels the
multiplier effect. This argument is similar to that in Woodford (2011) for the representative

agent case.

4.2 The Importance of Social Insurance

While transfers to sector A workers have lower multipliers dollar-for-dollar than usual, this
does not imply that they should not be used. Indeed, targeted transfers serve an important
role as social insurance and may provide the best form of stimulus for the economy. They
form an integral part of the optimal policy response. To see this, consider a specific policy
that transfers income to sector A workers with replacement rate p, so that

Tpo=pn >0

at t = 0. The transfer is paid for by issuing debt and this debt is serviced with constant
future taxes on A and B agents: Tyy = T4 < 0and Tg; = Tp < 0Ofort =1,2,..., setting

the fraction of tax revenue coming from A agents to some value ¢ € [0,1), that is, setting

¢Ta ¢
(1-¢)Tpg 1-¢

Previously, we focused for simplicity on { = 0. Now we allow ¢ > 0 to discuss transfers
more generally. A natural benchmark sets { = ¢, in which case A and B agents pay the
same tax.

181f we assume a share y of agents to be exogenously hand-to-mouth, fiscal multipliers would be larger.
Our assumption of a kinked consumption function captures nonlinearities present in richer models of
consumption behavior.

With different assumptions on the distribution of taxes in future periods, we can get a multiplier slightly
above 1. For example, if we assume that all agents, not only B agents, pay a permanent tax T from period

t = 1 onwards we obtain a multiplier for Gy (with zero transfers at t = 0) of 1+ (1 — ¢) = M)% instead of
1.
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For present purposes, it is useful to also allow the central bank to adjust the interest

rate upwards, but not downwards.

Proposition 6. Suppose the interest rate is set at ro = 1/ — 1 or is raised to obtain full employ-
ment if possible. Suppose condition (18) is satisfied, so there is a demand deficiency at zero transfers.
There exist two cutoffs p', p” that satisfy o’ € (0,1) and p' < p" (with strict inequality if { > 0)
such that:

1. Aggregate output Yy is increasing in p for p < p’.
2. Aggregate output Y is constant at the complete markets equilibrium level for p > p'.
3. The economy reaches full insurance when p = p"; moreover, p" <1 for = ¢.

4. The optimum for a utilitarian planner is to set p = p”.

In a nutshell, this proposition states that targeted transfers play a dual role, with
no tradeoff. First, they get us closer to full employment, sometimes all the way to full
employment. Second, they also remove intertemporal inefficiencies due to borrowing
constraints, and can take us all the way to full insurance. Moreover, a utilitarian planner
would always prefer full insurance, precisely because of the “double whammy”: it offers
maximal macro stimulus while at the same time giving the best interpersonal micro
allocation.

Despite the virtues of full insurance, the proposition also clarifies that in order to
minimize the output gap it is sufficient to have replacement rates lower than full insurance
and lower than 100%. In other words, if the only concern is restoring full employment,
then lower levels of transfers will do. One reason for this result is that although agents may
be constrained, the natural allocation also calls for them to consume less than previously.
Thus, full 100% replacement rates are not required.

To unpack what is behind this proposition, it is useful to consider two cases separately.

First, suppose ¢ > €. There exists a threshold p such that for p > p no agent is
constrained in equilibrium. Given that our model (Gorman) aggregates, we must then
reach the complete markets aggregate outcome. Since ¢ > € and 1+ ry = 1/, Proposition
3 implies that we are below full employment. Lowering transfers below g will reduce
aggregate employment, but going above the threshold will not increase it further. Thus, in
this case p’ = p. Note that increasing in p above p’ does not increase aggregate output, but
affects the individual distribution of consumption.

Next, consider the case o < €. In this case, there is still a threshold g such that for p > p
no one is constrained and the economy reaches the complete markets aggregate allocation.
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However, now at p = p the central bank must be setting the real rate at its natural level
above 1/B — 1, due to Proposition 3. Therefore, if we keeprg =1/ —1,at p = 0 thereis a
demand deficiency and at p = g there is excess demand. A continuity argument implies
that there isa p € (0,0) at which the economy reaches full employment. The cutoff p’ is
precisely that value.

Finally, note that in the benchmark case where the taxes to finance the debt are equalized
for both groups, full insurance requires a replacement rate of 100%, p = 1, if we are at full
employment. However, the full insurance replacement rate is lower if full employment is
not achievable, in the case o > €. Moreover, even when full employment is possible, the
lowest replacement rate that reaches full employment is below 100%. More generally, the
maximal stimulus is attained at a replacement rate below 100%.

To see why this is the case, suppose full employment is feasible and suppose equal
taxes, { = ¢. At full insurance, p = 1, both A and B workers are consuming the same in
all periods and have the same income from t = 1,2, ... Thus, they must have the same
income at t = 0. It follows that both agents are strictly saving in equilibrium. Thus, we can
lower the replacement rate (and lower taxes) and, although savings may fall for group B,
no agents will become borrowing constrained.

One can see that if = 0, then even the full insurance replacement rate is below 100%,
so that p” < 1 and p’ < p” just reinforces this conclusion for p’. For { > ¢, on the other
hand, the full insurance replacement rate is above 100%. The only way to provide a net
transfer to A workers that makes them whole, if they are paying most of the taxes, is to
provide them with a replacement rate above 100%.2° However, even in that case we have
p’ < 1. Indeed, when { — 1 the government is basically providing a loan to A workers. As

a result, the replacement rate is below 1 — ¢.

5 Labor Hoarding vs Job Match Destruction

We now turn to an extension in which we model how firms and workers match to produce
output. This allows us to discuss how firms in sector A can provide insurance by retaining
workers on the payroll even if they are temporarily unproductive. Moreover, it allows us
to discuss potential medium run effects of the shutdown, if destroyed matches are hard to
rebuild.?!

20As ¢ — 1, the full insurance replacement rate diverges, p” — co. In the limit, as A workers pay all the
taxes, they require an ever expanding transfer, that is mostly saved to pay ever increasing taxes, so that B
workers contribute some given amount with their vanishing fraction of taxes.

2 A model that also emphasizes the medium-run effects of job destructions is Gregory et al. (2020).
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5.1 Generalizing the Model

For this extension, we generalize the model of the previous sections, allowing for a contin-

uum of monopolistically competitive firms to produce each sector’s output,

¢ =1 =1 1 oe1 =1
(L) (0

Each firm i is matched with a (representative) worker i who works in that sector. Thus,
there are ¢ firms and workers in sector A and 1 — ¢ firms and workers in sector B.

Due to monopolistic competition, each firm charges a markup ﬁ over marginal cost,
so that the real wage is given by

w=1-—¢1

Moreover, firms are subject to the following friction: they can either pay workers for their
tull hours 7, even if the hours they actually work n;; is below 7, or not at all. When a firm
decides not to pay and thus lay off their worker, we assume that it loses some future match
value with the worker, as replacing the worker costs time. For tractability, we assume that
the firm loses all its future match value, and is immediately replaced by an entrant in the
next period, hiring the laid off worker.

This implies that the value of firm i is given by

_ 1
Vit = max {]/it —wn + mvitﬂ,o}

In words, firm 7 chooses to lay off its worker when its continuation value is below zero, but
otherwise keeps paying its worker in full. In steady state, the value of a firm is the same
for all firms and given by

e 'n

1-8

We assume all firms are owned by unconstrained workers.

V* =

We explore this model in two steps. In this section, we focus on the behavior of firms in
sector A, and accordingly assume that sector B firms never shut down, which is satisfied if
demand in sector B is close to its steady state value. In the next section, we allow for firms
in sector B to shut down, as well. We focus once more on a shock that stops all economic
activity in sector A.
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Figure 7: Endogenous labor hoarding

5.2 Insurance Through Labor Hoarding

In this model, firms in sector A may decide to hoard their workers to preserve future match
values, and thus implicitly provide insurance to their workers. In particular, this happens

when the firm value is positive despite zero current output, that is,

V* > 0. (26)

VO = —wn + 1 j o
When, instead, V) is negative, workers lose their jobs in sector A, as we have previously
assumed. Finally, when V} is equal to zero, an arbitrary share x € [0, 1] of firms lay off their
workers, where x will be determined in equilibrium.

Insurance provided to sector A workers also alters the real interest rate r(. In particular,
following similar steps in those in Section 3, we find that with x firms hoarding, the natural

rate is given by

1o—€ 1 1_ %
1—|—r0:,571(1_4))5ﬁ (1 —wugp)” (1_4)—;4(20]147) )

>1

- 7

Except for the last term, the expression is virtually identical to (17). The last term is greater
than 1 whenever x > 0, capturing the fact that labor hoarding not only acts as insurance for
sector A workers, but also stimulates demand. As illustrated in Figure 7, the intersection
(26) and (27) describes the equilibrium interest rate ry and the equilibrium share of labor

hoarding firms in the economy. One can distinguish two possible cases.
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Panel (a) shows a situation where at the natural interest rate, firms are fully hoarding
labor. In this case, a monetary authority only needs to implement the natural rate; insurance
will happen endogenously, without fiscal policy, due to labor hoarding.

Panel (b) shows a situation where firms are not all hoarding labor at the natural interest
rate. In that case, there is a role for monetary policy to set the interest rate below the natural

rate, not for output stabilization, but for insurance purposes.

5.3 Liquidity Problems and Policy Proposals

What happens if firms are liquidity constrained? If firms have some finite amount of
liquidity at their disposal, say, because they cannot borrow nor issue equity and have
limited past accumulated profits at their disposal, then they no longer maximize the
present value of profits in an unconstrained fashion. This distorts firm decisions towards
laying workers off, since the current period loss cannot be financed.

In this case, policies that directly affect the liquidity of firms or that insure firms for
their loss in revenue, may restore the preferable outcome. In the model, this could be
accomplished by a transfer to firms. In practice, these policies could be implemented
in a number of ways and through a combination of fiscal and monetary branches of the
government.

This discussion lends support to policy proposals at at the outset of the economic crises
in March 2020 generated by the COVID-19 pandemic in the US and Europe. For example,
Hamilton and Veuger (2020) propose emergency loans for small and medium sized firms
most affected by liquidity problems facilitated by the Fed, complimented with tax credits
on the fiscal side. Saez and Zucman (2020) propose an ambitious insurance policy, or
“buyer of last resort”, whereby the government makes up for any loss in revenue by in
effect buying up the missing demand. Hanson et al. (2020) propose a “business continuity
insurance” policy, providing financial support to businesses to meet fixed obligations.
Through the lens of our model, this would help businesses remain alive and able to hire
workers.

Even some policy proposals aimed at paying workers directly, through unemployment
benefits, emphasize the importance of preserving matches. For example, Dube (2020) calls
for incentivizing temporary layoffs, so called furloughs, and the use of worker-sharing
provisions, to keeps workers on payroll and allows workers to return easily after the

shutdowns.??

22Giupponi and Landais (2018) provide some evidence on related policies in Europe and study optimal
policy in a model of labor hoarding and work-sharing.
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5.4 Slow Recoveries

What happens if workers that are let go at t = 0 cannot immediately find a new job at
t = 1? To be concrete, consider a simple case: suppose no matches can be created at t =1,
but they can be costlessly created at t = 2. Then, if the interest rate is not low enough to
induce hoarding, the economy will suffer a recession over both periods t = 0, 1, effectively
prolonging the duration of the shock. In period t = 0 the shock is exogenous, but in period
t = 1 it results from the loss of job matches. Through an expectations channel, this may
also make the recession at t = 0 deeper.

The assumption that matches cannot be created at ¢+ = 1 but can be costlessly recreated
at t = 2 is extreme, but we expect similar conclusions in a more elaborate model of search
and vacancies, where job matches are created in a costly and incremental manner over

time.

6 Business Exit Cascades

In the previous section we studied the incentives of businesses in sector A to keep workers
employed. Now we shift our focus on sector B and ask what determines the incentives
of businesses in that sector to keep employing workers and to remain open, instead of
shutting down and laying off workers. Importantly, if businesses shut down, this reduces
demand for all other open businesses, increasing their incentive to shut down as well.

We continue to work with the disaggregated firm-level perspective from the previous
section: both sectors consist of a continuum of firms, each employing one worker, who can
be laid off at the expense of future surplus.

We make two changes relative to the previous section. First, we fix the real interest rate
1 + ro, for convenience at the steady state value of 7!, focusing on the implications for
aggregate demand Yjp in sector B.

Second, in order to model businesses exits in a more continuous fashion, we assume
that there is a distribution of outstanding (net) liabilities across firms which we denote by

(. In particular, the value of a firm i is then given by

1

v* 2
T (28)

Vio =vyo—wn —{; +

where yo = Ypo/ (1 — ¢) is the demand per business in sector B. We assume each firm’s net
liability {; lies within an interval [Z, ] and is distributed among sector B firms according to
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acdf F % where F is a cdf on [0, 1]. The boundaries { and { are chosen such that, for

simplicity, all firms close when they face zero demand yy = 0,

vV =0

_wn_§+1+1’0

and all firms open with steady state demand y; = 7,

(1—w)n—T+ V* =0.

1—}-1’0

6.1 The Business Exit Multiplier

This structure implies that there is now an endogenous mass of firms that is active in the
economy, which we denote by 1 — ®. Previously, ® was equal to ¢, as only sector A was
shut down. In this section, however, the share of active firms depends on demand for
sector B goods,

1-®=(1-¢)F G{fo) (29)
B0

But, as we have shown in the previous sections, demand for sector B goods precisely

depends on the share of open businesses. In particular, a mass ® of workers will be out

of work in equilibrium. Based on the Euler equation underlying (27) (with zero labor

hoarding among closed businesses) we find

B0 (1 @) (1 - wp) 30)
B

Under the condition for Keynesian supply shocks, (18) (here with wy instead of ) this is
decreasing in ®, capturing that demand falls with more businesses exits.

The relationship between (29) and (30) is illustrated in Figure 8. The horizontal axis
represents the mass of active businesses 1 — ®. The vertical axis represents the demand
relative to potential Ygo/Y5. Under the condition for Keynesian supply shocks, both (29)
and (30) describe positively sloped curves in Figure 8. We call (30) the “demand locus”,
as it describes the demand Yp for sector B goods, taking as given how many businesses
are still open and workers employed, 1 — ®. We call (29) the “(business) exit locus” as it
describes the mass of businesses exiting and workers laid off given demand Ygo.

When there is no shock, ¢ = 0, the two curves necessarily intersect at coordinates
1—® =1and Ypy/Y; = 1 (Panel a). However, a positive ¢ > 0 shifts the exit locus to the
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Figure 8: The business exit multiplier

(a) Before the shock (b) After the shock

equilibrium / /

demand locus ’

Employment Ygo/ Y3
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0 le=reaen 0= |
0 1 0 1-¢ 1

Mass of active businesses 1 — ®

Mass of active businesses 1 — ®

left (Panel b). Interestingly, this shift raises the mass of inactive businesses by more than
just ¢, as additional workers laid off by exiting businesses also stop consuming. There is a
cascade of business exits and lay-offs that generates a “business exit multiplier”.??

6.2 Policies

We use the framework laid out here to discuss the effectiveness of two policies.

Profit subsidy / employer-side payroll tax cut. The first policy is a profit subsidy, which,
as in Section 4, we assume is paid for by employed agents. The subsidy raises profits by
1+ 7 for some T > 0. In our model, this is similar to an employer-side cut in payroll taxes.
Such a subsidy enters the business exit locus (29), modifying it to

1—<I>:(1—4))F((1+T)1;%0)

and thus shifting the locus to the right. This mitigates some of the consequences of the
shock, both in terms of business activity and demand.

ZFigure 8 shows that one can easily get multiple equilibria in this setting, when both curves intersect
multiple times. We plan to investigate this case in future research.

35



Monetary policy. We model monetary policy as a change in the real interest rate 1 + rg
away from 1/B. This clearly affects the demand locus (30) through the Euler equation. In
particular, we have that

B0 — (1 @) (1 wp) (B(1+70))
B

Accommodative monetary policy shifts the demand locus up, thereby also reducing the
number of business exits in the economy:.

Aside from the standard intertemporal substitution channel, however, there is another
transmission mechanism that is active here. In particular, observe that, just like in Section 5,
the future value of a match is discounted less now in (28), encouraging firms to hoard labor.

This modifies the exit locus to

o= F (P4 (a1 5 )

It shows that monetary policy shifts the exit locus to the right, contributing to the recov-

ery. Observe that this channel of monetary policy depends on the future value V* of
employment relationships. Viewed through this lens, the channel might have important
distributional consequences, encouraging labor hoarding particularly for workers with a

large future match surplus. We leave such an exploration for future work.

7 Optimal Combined Shutdown and Macro Policy

Up to now we have taken the supply shock as given, just assuming certain sectors are
temporarily shut down. We now consider a setting where we model more explicitly health
concerns in a pandemic, both at the private and at the social level, and think about optimal
policy in terms of Pigouvian interventions and macro stabilization.

To this end, let us modify the consumers’ objective function to include a health compo-
nent. To keep things simple, assume the health component is additive and does not directly
affect the consumers’ capacity to work. In particular, we modify the two sector model of
Section 3, introducing the utility function

(0]

Y B (U (catcp) +ht),

t=0
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where
hi’ =H (CAt/ nAt, YAt/ gl’)

is the consumer’s health. The parameter ¢; is the underlying shock and can take two
values: ¢ in normal times and ¢ when there is an ongoing epidemic. When & = ¢, the
function H is just a constant. When §; = ¢, the function H is decreasing in c 44, n 4 and
Y ;. Agents have a higher probability of being infected if they consume or work more in
sector A, and if aggregate activity is higher in that sector. The variables c4; and n,4; are
chosen by individual consumers, while the level of activity in sector 1, Y4, is determined
in equilibrium and is taken as given by individual consumers. The presence of Y 4; captures
the basic externality of an epidemic: more interactions in sector A cause a faster spread of
the epidemic and so increase the probability of being infected for each individual. The rest
of the model is identical to that in Section 3.

As in the rest of the paper, the shock is temporary and unexpected, so &y = ¢ and & = ¢
fort = 1,2, ... The government has access to two type of policies: a public health policy, in
the form of a stay-at-home order which makes production and consumption impossible in
sector A; and macroeconomic policies, which include a choice of the real rate g and fiscal
policy, as described in Section 4.

To discuss interactions between the two types of policies, we begin by considering
partial interventions and their effect, and then we consider the case in which all policies are
set optimally. Our results are organized around three remarks. We start with an elementary
observation.

Remark 1. Involuntary unemployment is not necessarily socially inefficient in our model.

To make this point, consider an economy in which there is no stay-at-home policy
in place, so both sectors are potentially active, despite the shock & = &. Even absent
containment policies, private motives will still induce a contraction in activity in sector
A, as people try to avoid contagion by reducing consumption and labor supply. This
contraction in activity may result in involuntary unemployment in sector A. To show that
in a simple case, consider the complete market economy with nominal wage rigidities.
Suppose ¢ = € and suppose the central bank keeps the interest rate unchanged, so sector B
is at full employment and Ypy = (1 — ¢) 7. In equilibrium there is unemployment in sector
A, that is,

cao = Yao < ¢n,
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if the following two conditions are satisfied

Uc, (Yao, (1 —¢) 1) + He, (Yao, Yao, Yao, &) = U, (ci,¢3),

and

uCA (YAOI (1 - 4)) ﬁ) + HCA (YAOI YAO/ YAO/ E) + HHA (YAO/ YAO/ YAO/ E) > O (31)

The first condition is the Euler equation in terms of good A and it implies Y49 < ¢ because
consumers try to avoid consuming good A due to H, < 0. The second condition is the
optimality condition for labor supply and implies that it is optimal for the consumers to
supply n 49 = 7 as the private benefit from consumption, captured by the first two terms,
exceeds the private cost of working, captured by the last term. The expression (31) can be
interpreted as a Keynesian wedge, as the only disutility from work in our model comes
from health costs.

Once we take into account the public health side of the problem, the presence of
unemployment may not be socially inefficient, as agents do not internalize the externality

in H. That is, it is possible that the two conditions above are satisfied and, at the same time,

Uc, (Yao, (1 =) 1)+ He, (Yao, Yao, Yao,€) + Huy (Yao, Yao, Yao, &) +Hy, (Yao, Yao, Yao, ) <O.
(32)

The last inequality implies that reducing activity in sector A below Y4 increases social

welfare. If the only policy tool available is the monetary policy rate ry, increasing ro above

1/B — 1 increases social welfare, even though it further depresses employment in sector A

and causes unemployment in sector B. The reason is that the Keynesian wedge, captured

by the first three terms in (32), is more than compensated by the Pigouvian wedge, captured

by the last term. This point is related to the general observation made in one-sector macro-

epidemiological models like Eichenbaum et al. (2020), that reducing total activity can be

socially desirable in order to slow down infections.

In the example above, there is a trade-off between public health objectives and aggregate
demand stabilization. That happens in an example in which there are is no stay-at-home
policy in place. Once such policy is allowed, are the social welfare benefits of macro
stabilization smaller or larger? That is, are the public health policies and macro poli-
cies complements or substitutes? The next remark shows that in our context they are
complements.

As in the rest of the paper, assume that under a stay-at-home policy sector A is com-
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pletely shut down. Then the equilibrium analysis of Section 3 applies, as h; is a constant
for individual optimization, because either ¢; = g, or & = ¢ with cq9 = 140 = Ya0 = 0.

Remark 2. Under the conditions of Propositions 3 and 4 there are complementarities between

public health policies and aggregate demand stabilization.

The basic reason for this remark is that public health policies can produce a Keynesian
supply shock and macro policies can be helpful to correct the effects of the latter.

Consider again the example above and now suppose the government shuts down sector
A. Consider the complete market economy, with nominal rigidities. Suppose that ¢ > ¢, so
we have an inefficient recession in sector A. Lowering rg (assuming we do not hit the ZLB)
allows the government to reach a first best efficient allocation if the following condition is
satisfied at the full employment allocation

U, (0,(1—¢)@)+ Hc, (0,0,0,¢) + Hy, (0,0,0,&) + Hy, (0,0,0,¢) <0.  (33)

This condition implies that a corner solution with a complete shutdown of sector A,
combined with an appropriately expansive monetary policy to maintain full employment
in sector B, reach a socially efficient outcome. Since activity in sector B has not negative
effects on public health, it is optimal to keep that sector at full employment. At the same
time, (33) implies that the public health benefits of keeping sector A closed are large enough,
given the shock ¢, that it is optimal to have zero activity in that sector.

What happens when markets are incomplete? Now the social planner has to take into
account three possible sources of inefficiency: inefficiency due to lack of insurance, ineffi-
ciency due to the public health externality, inefficiency due to involuntary unemployment.
The next remark shows that if the government has sufficient tools it can deal with all of
them and restore first best efficiency. In discussing the remark, we will show that again
there are relevant complementarities between the tools used. In particular, social insurance
policies that help relieve the first inefficiency can ameliorate the dilemma between the other
two.

Remark 3. In the incomplete markets economy, a combination of public health policies,
social insurance policies, and monetary policy can achieve the first best for a utilitarian
social planner.

For this example, we need the incomplete market version of the two sector model,
with nominal wage rigidities. Suppose that parameters are such that a stay-at-home order
produces a Keynesian supply shock, so there is inefficient unemployment in sector B.

Suppose also that monetary policy is constrained by a ZLB constraint and suppose that this
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constraint is binding in equilibrium. Suppose also that the ZLB constraint is not binding
with complete markets. We know such a configuration is possible possible by Proposition 4.

Consider first what happens if the only policy tools available are a stay-at-home order
and monetary policy, and monetary policy is at the ZLB. Suppose we can relax slightly the
containment policy and increase output in sector A by dY4. Consider the marginal benefit
of this increase, for a utilitarian social planner. The effects on the consumption component

of utility is
1
/0 [U¢, (0,cigo) 9ciao + Ue, (0, cipo) Ocipo] di

where dc;jg is the effect of dY4 on the consumption of consumer i of good j, in general
equilibrium. This effect can be large when the fraction of constrained agents y is large for
two reasons: for distributional reasons, as there are consumers with zero consumption
of both goods who gain from being able to earn income in sector A, and for the presence
of inefficient involuntary unemployment in sector B. Hence it is possible that relaxing
the containment policy may be desirable, as a second best way of correcting these two
inefficiencies.

Consider next what happens if the government can also use the transfers T g, To
introduced in Section 4. Namely, the government reallocates income from sector B workers
to sector A workers, so as to equalize their after-transfer incomes. This policy is clearly
desirable from an insurance viewpoint. Moreover, given this policy, the constraint on
monetary policy is no longer binding, as we are now effectively in the complete markets
economy. And finally, if condition (33) is satisfied, a complete shut down of Sector A is
now optimal.

In the example just discussed, there is a combination of policies that achieves the first
best allocation: a stay-at-home policy that shuts down sector A, a social insurance policy
that compensates the workers in sector A, and a monetary policy that hits the natural rate.
The fact that the social insurance policy makes it easier to achieve the demand stabilization
objective is not surprising per se: it is an example of a fiscal policy that makes it easier to
do monetary policy. The novel observation is that this type of fiscal policy also makes it
less costly for the government to impose a larger supply shock on the economy, that is, it
makes it easier to pursue public health objectives.
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8 Concluding Discussion

The contribution of this paper has been to explore the conditions under which a shock to the
(safe) production of goods—which we call “supply shock” for simplicity—in some sectors
of the economy spills over into an inefficient demand shock in other sectors—a “Keynesian
supply shock”. We do not attempt to take a hard stand on whether these conditions are
met. Indeed, our analysis lays out the land and is useful for the debate regardless of which
case applies. That said, the conditions do appear plausible in some scenarios.

Our analysis and results transcend the ongoing pandemic, but a natural question to ask
is whether the COVID-19 shock had features similar to those of a Keynesian supply shock.
We do not have a definite answer to this question, but offer a few points. At a broad macro
level, the CPI has been falling for three months, despite monetary easing. Meanwhile,
real-time data is accumulating on the spending and employment patters across sectors
and households. Our very tentative reading of this evidence is that it is broadly consistent
with mechanisms emphasized in our theory, such as the complementarity generating
co-movement and the importance of the income channel, as present in our incomplete
markets cases. For example, Cajner et al. (2020) documents employment losses in almost
every sector of the economy, even in non-contact intensive ones (Dingel and Neiman, 2020).
The income channel has been relatively muted, due to the introduction of unprecedented
income-support policies (e.g. Ganong et al., 2020). However, the time series patterns for
spending are suggestive of a responses to stimulus checks (Chetty et al., 2020; Cox et al.,
2020).24'25 Less is known for now on the repercussions of the pandemic to businesses,
another aspect of our analysis.?® Liquidity programs for businesses may have also muted
the shock to firms.

Our paper emphasizes that these policies mitigate or reverse demand deficiencies that
would be present without them. In this way it provides foundations for the strong policy
actions undertaken. In any case, we intend to explore these and other questions with the

help of this developing evidence in greater depth in future work.

240ur simple demand system has homothetic preferences and, thus, abstracts from luxuries vs. essentials
which explains the larger drop in spending by the rich during the pandemic. A straightforward extension of
our framework can acknowledge this fact, without affecting our main results.

BChetty et al. (2020) provide some suggestive evidence for an income channel, showing that workers
that work in higher income areas, were hit more by the reduction in non-essential spending, and these
workers had a greater reduction in spending than workers of similar income working in other areas. A vast
pre-pandemic literature estimates and surveys MPCs (see e.g. Johnson et al. 2006).

26Bartik et al. (2020) provide an early survey of small businesses.
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A  Appendix

A.1 Non-homothetic preferences

This section considers a simple class of non-homothetic preferences that is used for two
purposes: to extend, using a limit argument, Propositions3 and 4 to the case € < 1; to
generalize the analysis in Section 3 and show that Keynesian supply shocks can also arise
also with o < 1.

For some given small ¢ define

forc < cand f(c) = c1=¢ for ¢ > c¢. Notice that this function is continuous and dif-
ferentiable and has derivative f’ (c) = (1 — %) ¢ ¢ifc < cand f(c) = (1 — %) ot if
c>c.

Let the per-period utility function be
4 1 1 1 o
U (ca c8) = 5 |9¢f (ca) + (L=9)* f(e)| " 7.
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Notice that if c4 and cp are both above the level c the preferences are locally CES. Assume
that this is the case in steady state, that is, assume ¢ < min{¢7, (1 — ¢) 71}. However, when
ca = 0, after the shock to sector A, we have

€ 1_1
o 11 4.1 1 1-1 ea(e—v) 1 1
Ucy (0,¢8) = ——= ¢ e e+ (1=¢) cy ¢ (1—¢)ccy

This expression is well defined for any € € (0, ).
Consider the economy with incomplete markets. Substituting the full employment
levels of consumption in the two sectors in periods 0 and 1 implies that the natural rate is

1+m:%mg,

where

=

) 1 N
g0 =(¢'L (5) -9 - (1- 1)t

l

™ =

We first analyze what happens when ¢ — 0. If € > 1 the analysis is as in the main text
as g (c) is well defined at ¢ = 0. If ¢ < 1 we have

€

1

. 11 en\1-¢ 1.9\
lim <4>e- (—) +(1-¢) (11— ue)* 1) 0,
which implies the following result.

Lemma 1. Ife < 1 we have lim._,0 g (c) =0if o > e and lim;_,¢ g (¢) = +ooif o < €.

Consider now extending Proposition 3 to the region € < 1. The economy with complete
markets yields an expression for the real rate equal to the case with incomplete markets
and p = 0. Using the lemma above then shows that inequality (14) also applies in the case
e <L

Consider next extending Proposition 4 to the region € < 1. Using the lemma above,
when € < 1 the inequality (18) is replaced by o > ¢, as shown in Figure 3.

Finally, consider the preferences above away from the limit ¢ — 0. Figure 9 shows the
boundary of the Keynesian supply shock region, analogous to those plotted in Figures
2 and 3, for an example with parameters ¢ = 0.5 and ¢/7 = 0.1. Given the expressions
above, the boundary is given by the pairs €, o that satisfy

eil <1 N 1) log (4’21 <§)1; +(1-¢)(1 —ucp)i_l) +%108(1 — ) = 0.

€ o n
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Figure 9: When are supply shocks Keynesian? Non homothetic preferences
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It is possible to show that the boundary shifts downwards as y increases, that is, more
market incompleteness increases the KSS region, extending the result of Proposition 4. In
the figure, this is illustrated by showing the boundary for three values of u. When u = 0,
we obtain the same result as under complete markets and homothetic preferences and the
boundary is just o = €. For larger values of u the boundary shifts down, and, in particular,

it also includes pairs with o < 1and p > 1.

A.2 Consumption functions

In this section we derive the individual consumption functions used for the plots in Figures
4 and 5, and derive condition (21).

Given consumer preferences the marginal utility of good B is

1
Uy, (cat Ct) = ¢
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where

1 el 1oel el
ct:(cpecAet +(1—4>)€ch) )

Cp1 -
then using that
cip = (1 —)cq
we obtain
1.1 1 _1 1
g “(1—=¢)ecgs =B(L+ro)cy 7,
where

Taking into account that ¢; = cifort = 1,2,. .., the intertemporal budget constraint is

P . _ P
cpo + 1—[3C1 =Yo+ 1_571.
where we have also used that 1 4-rp = 1/ . Solving, we obtain the consumption function
1— + pn
o= LByt P _ (34)

1-p+p1—¢)
For constrained consumers we can follow similar steps, allowing for the Euler equation to

hold as an inequality, and obtain

(1_,5)]/0‘1‘,5770_1}. (35)
1 prp(-g)

The consumption functions before the shock can be derived in similar manner and are

Cgo = min {yo,

cpr = (1= ¢) (1= B)ye + pn) (36)
for unconstrained consumers, and
cgr = (1 — @) min{y, ((1 - B) y: + pn)} (37)

for constrained consumers. Notice that in the last expression the factor (1 — ¢) appears
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before the min operator, because before the shock the consumers allocate a fraction ¢ of

their spending to good A, whether or not the constraint is binding. Expressions (34)-(37)

are used to obtain the plots in Figures 4 and 5.

Suppose now that the income of the consumers in sector B remains at 7i. The total

change in consumption following the shock is

-1

1-p+p(1—-¢) <1

Notice that this expression is negative iff condition ((18)) holds.

o

(ﬂ—ﬁﬂ1—¢)+ﬁﬂ—#@_%l_¢0_

The expression above can be decomposed in three terms:

1. The shift in the consumption function for given income 7:

( ! _gl—u—¢0ﬁ;
1—p+p(1—g)

n.

(38)

2. The change in consumption of the unconstrained consumers hit by the shock, due to

the income reduction (—1):

[y

<1—w¢( L=p %><—m-
1—p+p(1—¢)

3. The change in consumption of the constrained consumers hit by the shock, due to the

income reduction (—1):

1 _
(P < _0'1) (_n)
1-p+p(1—g)

The marginal propensities to consume are

MPC3Y = 1=F —
1-p+p(1—-9¢) <t
and
MPCSC = ! —
1-p+p(1—-¢) <1
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for the two groups, with
MPC” = (1 — u) MPCSY + uMPCSF,

Moreover the reduction in consumption in the A sector is equal to ¢1i, so

1 - 1 — 7i
% shutdown B <1—,3+,3(1—<P)_51 ( (P))
Acy N ¢n .

We conclude that the expression in (38) is negative iff

[ACB } shutdown

Aca g+ ppMPCSH (=) + (1 — 1) MPCSC (—7) < 0
A

which is equivalent to (21) in the main text.

A.3 Proof of Proposition 6

When 1 + rg = 1/, to satisfy the government budget constraint we need the following
negative transfers (hence, taxes):

Ta = —Clg'BTAo,

Tp=—(1 —C)%lgﬁﬂo-

Define the net present value of lifetime transfers to A and B workers:

TA:TAO"‘lfﬁTA:(l_g)TAO/
Tg=-(1-10) ¢ Tao.

1—¢
From A.2, the consumption function of unconstrained consumers working in sector j is

(1-B) (njo+T;) +pn
1-ppa—g)

CBo =
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where
Yo

1—¢°

napo =0, mnpy=

For constrained consumers it is

1-B) (njo+T;) + pn
cBO:min{( P) (njo +T)) /31 ,nj0+Tjo}.
1

_o—1

1-p+p(1—¢) =

We can then compute the cutoff T4 at which shocked and constrained consumers shift

from a binding to a non-binding constraint. The cutoff satisfies

(1-B)(1—=0)Tao + pi
L=p+p(1—¢)

= Tao,

and is thus

=

Ts= pn — <(1-¢)Ta<n (39)
CA-p)+p(1—9)

The last inequality follows because we are assuming € > 1 and condition (18) requires

c>1

Define the full insurance transfer

T// — YgM
A — 1— g
where Y5 is the equilibrium output under complete markets which is equal to (1 — ¢) =

if o > e and equal to (1 — ¢) 71 if o < € because the central bank will raise rates in that case.
Notice that if { = ¢ we have T} = ( —qb)%r‘z <nifc>eand T =nifo <e.

Using the expressions above, it is easy to show that
Ta <Ty,. (40)

with equality only if { = 0.
Consider the case ¢ > €. The good market equilibrium condition then takes the
following form if T4g < T4
1—p8) (Yo — (1 — Tao) +B(1— nl
Yoo = 19 Tap + (1—p) (Yo — (1 —0) pp Ao)J;lﬁ( Ho)n
L= p+p(1-¢)

where the first term on the right-hand side is the demand of shocked and constrained
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agents and the second term is the demand of all other agents. If T4y > T, the good market

equilibrium condition becomes

(1-p) (A -0 Tao+ [13 (1 5)(YBO—(1—C)¢HTA0)+1[3(1—V¢)77
1= p+p(1—g) < L= p+p(1—g)

which simplifies to

Ypo = u¢p

(1—pB)Ypo + 1

1-p+p(1-¢)

and gives Ypy = (1 — cp)% i = Y§M and is independent of T 4.

Ypo =

The case o < € is similar, except that the economy reaches full employment in sector B

when the transfer is

mq

(=) T —(—pp) 1 _ 5
(=P +p(1—g) =19

Tao = Tao =

Notice that T4 > 0 because condition (18) is assumed and the inequality T49 < T4 can be
easily checked when ¢ < €. Recall that we assumed that whenever there is excess demand
the central bank adjusts the interest rate to attain full employment. Therefore, in this case
output is increasing in Ty for T4g < Tao and is constant at full employment for Tyg > Ta.
Once the economy is at full employment, changes in transfers in general affect the natural
interest rate, but that does not affect the computation of the cutoffs.
We can then define the cutoffs for the replacement rate
_ min{Tao, Tao} »_ T4

P =

— —
n n

and check that all the properties in the proposition are satisfied. In particular p’ < 1 follows
from (39). Also, p’ < p”, with equality only if { = 0 follows from (40). The cutoff § used in
the text to explain the argument is simply T 4o/ 1.

Showing that the economy reaches full insurance at p” is easy because aggregate income
is Y™ and agents in sector A receive a present value transfer equal to Y5 (and their
borrowing constraint is not binding). Showing that a utilitarian planner would choose p” is
also easy because aggregate output cannot be increased above YSM (given the assumption
that the real rate cannot fall below 1/ — 1) and the transfer p” allocates that output equally

across agents.
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