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Abstract
In response to the COVID-19 pandemic, large parts of the economy have been
locked down and, as a result, households’ income risk has risen sharply. At the same
time, policy makers have put forward the largest stimulus package in history. In the
U.S., it amounts to $2 trillion, a quarter of which are transfers to households. To
the extent that these transfers are conditional on being unemployed, they mitigate
income risk and the adverse impact of the lockdown ex ante. Unconditional transfers,
in contrast, stabilize income ex post only. The conditional and unconditional transfer
component of the Coronavirus stimulus package are of equal size. We quantify their
eﬀect in an estimated HANK model. For unconditional transfers, the multiplier ranges
between 0.1 and 0.5, for conditional transfers between 1 and 2. The actual transfers
of the stimulus reduce the output loss due to the lockdown by about 50 percent.
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Introduction

The economic fallout of the COVID-19 pandemic is unprecedented. Because many businesses
and industries are being locked down in an eﬀort to limit infections, unemployment is on the
rise. In the three weeks since mid-March 2020, 17 million initial claims to unemployment
beneﬁts have been ﬁled in the U.S. In the period before, a typical week saw some 250,000 new
ﬁlings. The left panel of Figure 1 shows time-series data, illustrating that the recent increase
is rather exceptional. In light of this, some observers suggest that the unemployment rate
may reach 30% in the second quarter of 2020.1 The COVID-19 pandemic—by necessitating
quarantine measures—has thus increased the income risk for U.S. households considerably.
To put this into perspective, recall that the unemployment rate hit 10% in the wake of the
Great Recession and 25% at the height of the Great Depression. Related, we observe that
overall economic uncertainty has increased strongly. In the right panel of Figure 1 we display
the VIX, a commonly used measure for uncertainty as reﬂected in expected stocky market
volatility. By March 21, it reached an all-time high, surpassing levels previously seen during
the ﬁnancial crisis in 2008.
The pandemic also triggered an exceptional ﬁscal response.2 On March 27, President
Trump signed the “Coronavirus Aid, Relief, and Economic Security (CARES) Act” into law.
As a result, $2 trillion of federal funds are being disbursed to households and ﬁrms through
various channels. The largest items on the household side include, ﬁrst, a one-time payment
of $1,200 to any adult in the U.S. population with a gross income of $75,000 or less and,
second, a top up to state unemployment beneﬁts of $600 per week. Conditional on being
unemployed, this top-up payment is lump sum and may run up to the end of July 2020.
Each of these items is expected to amount to some $250 billion of federal expenditures. To
put this into perspective, recall that the American Recovery and Reinvestment Act (ARRA),
legislated in 2009 in response to the ﬁnancial crisis, mobilized some $800 billion of additional
federal spending in total.
In this paper, we analyze the quantitative impact of the transfer components of the
CARES act and assess to what extent they may limit the economic fallout from the COVID19 pandemic. We proceed in two steps. First, we develop the scenario of a lockdown that
captures the essential economic aspect of the COVID-19 crisis. Speciﬁcally, we assume that
10% of the labor force is conﬁned to quarantine or, more generally, “locked out” of work.
This implies a dramatic increase in unemployment, but it still seems somewhat conservative
1

See the remark by the President of the Federal Reserve Bank of St. Louis James Bullard reported, for
instance, by Bloomberg on March 22, 2020, as well as Faria-e-Castro (2020a).
2
The Fed, too, took a series of measures in response to the COVID-19 crisis, including cutting its policy
rate to zero. In this paper we focus on the ﬁscal response to the crisis.
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Figure 1: Unemployment and Uncertainty. Notes: Panel A) shows initial claims to unemployment beneﬁts with observations for the three weeks since mid-March 2020
indicated by the transparent red bars, Panel B) shows CBOE Volatility Index:
VIX. Weekly observations, from January 2000 to April 2020. Source: FRED
Economic Data, St. Louis Fed.
in light of the scenario discussed above. We refer to this scenario as the “quarantine shock,”
or “Q-shock” for short.
From the aggregate perspective, the Q-shock boils down to a massive reduction of the
labor force. From the household perspective it amounts to an exceptional increase of income
risk because we assume, in line with the actual developments discussed above, that the
lockdown is largely anticipated. People see it coming and have time to adjust their behavior
in advance. In sum, the economic crisis triggered by the COVID-19 pandemic has two
essential features: a) a reduction of the production potential at the aggregate level and b)
an unprecedented increase in income risk at the household level. The increase in income risk,
in turn, induces the private sector to increase savings. As a result, expenditures decline and
economic activity collapses—well before the decline of the production potential materializes
in full.
Second, given the crisis scenario, we account for key aspects of the ﬁscal response to
the crisis. Speciﬁcally, we focus on the transfer payments to households under the CARES
act and distinguish a) unconditional transfers and b) transfers that are conditional on the
recipient being unemployed. There is also an element of conditionality in the $1,200-payment
per person under the CARES act, but this is relevant for a small fraction of the population
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only.3 Hence, we refer to it as “unconditional transfer.” Unconditional transfers are part of
the recession-ﬁghting toolkit and have been deployed before. The Economic Stimulus Act
passed in February 2008 under the Bush administration, for instance, was a $100-billion
program under which taxpayers received a $900 payment (Broda and Parker, 2014). The
economic rationale is straightforward: to the extent that households are liquidity or credit
constrained, they will spend the largest part of the transfer, even if taxes may go up at some
point in the future. This, in turn, may undo some of the reduction of private expenditure
triggered by the recession or, more speciﬁcally in the present context, by the Q-shock. We
also study how conditional transfers play out. By targeting the unemployed, the amount of
funds per recipient becomes considerably larger for a ﬁscal package of a given size. More
importantly still, it is a measure that also limits the income risk ex ante, since the employed
can expect additional funds in case they are to lose their jobs. The low-income state becomes
less frightful as a result.
We conduct our analysis within a quantitative model of the business cycle. It builds
on earlier work by Bayer et al. (2020), who estimate a medium-scale HANK DSGE model.
It is uniquely suited for the purpose at hand. First, there is a large number of households
with diﬀerent labor market outcomes and, because ﬁnancial markets are incomplete, there
is uninsurable idiosyncratic risk at the household level. As argued above, this income risk is
an essential aspect of the economic fallout of the COVID-19 pandemic. Second, the model
features all frictions that are necessary for a full-ﬂedged account of actual business cycle
dynamics, as shown in earlier work by Bayer et al. (2020). In our quantitative analysis we
rely on the parameter estimates of this study.
Our main results can be summarized as follows. First we study our baseline scenario
under which 10% of the labor force are shut oﬀ from work because of the Q-shock.4 That
there will quarantine measures becomes known already in 2020Q1, but they take eﬀect in
the next quarter only. While the quarantine itself is very short-lived, its eﬀect on income is
somewhat more persistent. This reﬂects the fact that some of the jobs lost because of the
quarantine will be lost for good (Saez and Zucman, 2020). We study the adjustment starting
from 2020Q1 onwards. Importantly, at this point idiosyncratic income risk increases strongly
because ex ante (that is in 2020Q1) it is unknown which households will be quarantined and
which are not. Upon impact of the Q-shock, consumption and investment thus fall sharply.
In our baseline, output falls by 3.5 percent. This may appear somewhat benign. However,
as we consider a more severe Q-shock as a result of which 30% of the labor force are put
3

As explained above, there is an income limit that restricts eligibility. This limit implies that about 10
percent of the population is excluded from the program. We account for this in our model simulation below.
4
As workers move into quarantine, we assume that their corresponding capital stock is mothballed.
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under quarantine, output drops by 11 percent. Afterwards it recovers slowly, but it takes up
to three years for output to recover fully from the shock. Hence, even though the Q-shock
is very short-lived, there is substantial propagation in the model.
Second, given the baseline scenario, we feed the transfers into the model, both conditional
and unconditional. The transfer payments interact with the Q-shock because conditional
transfers reduce the income risk caused by the Q-shock. We ﬁnd that transfers to households
under the Coronavirus stimulus mitigate the adverse impact of the Q-shock considerably, at
least in the short run. In 2020Q2, when 10% percent of the labor force is quarantined, the
stimulus reduces the output loss caused by the lockdown by about 50%.
We estimate the cumulative multiplier eﬀect of the CARES household transfers to be
approximately 0.5 in 2020Q2. We obtain this value under the assumption that monetary
policy operates in a conventional manner. If we assume instead a less responsive monetary
policy, the multiplier doubles. We also compute the multiplier for both conditional and
unconditional transfers separately and ﬁnd rather stark diﬀerences. The multiplier of unconditional transfers is only 0.13, while the multiplier for conditional transfers is about eight
times higher: approximately 1.1. Both of these multipliers are again twice as large if monetary policy is unresponsive. In any case, conditional transfers are much more eﬀective in
stimulating economic activity. This is for two reason. First, they lower income risk ex ante.
Second, they are targeted to household with the highest marginal propensity to consume.
Our model also allows us to study the distributional consequences, both of the Q-shock
and of the transfer payments under the CARES act. We ﬁnd, in particular, that the Qshock reduces income and wealth inequality because it impacts asset returns adversely. The
transfer payments under the CARES act reduce inequality further because the conditional
transfers are targeted to the unemployed and high-income households do not receive the
“unconditional transfer”.
There are relatively few estimates of the transfer multiplier, at least compared to the government spending multiplier for which there is an abundance of estimates, recently surveyed
by Ramey (2019). One reason is that in standard representative agent models, Ricardian
equivalence holds and hence transfers do not impact consumption and output at all. In
an inﬂuential assessment of ARRA, Cogan et al. (2010) focus on the eﬀect of government
purchases rather than tranfers, even though purchases account for only a small fraction
of the ARRA stimulus. Coenen et al. (2012) compare transfer multipliers in seven largescale DSGE models. These models typically feature a fraction of agents that consumes in
a “hand-to-mouth” manner in addition to agents which chose their consumption path by
optimizing intertemporally. These type of models are now referred to as “two-agent New
Keynesian (TANK)” models. While Ricardian equivalence fails in this model class, Coenen
4

et al. (2012) still ﬁnd moderate transfer multipliers, generally below 0.25. The transfer multiplier rises somewhat but is still well below one if the monetary policy is assumed to be
unresponsive to the inﬂationary impact of the transfer. Giambattista and Pennings (2017)
use a stylized model to provide analytical results for this case. They also simulate the transfer component of the ARRA package and ﬁnd a transfer multiplier of 1.3 if the zero lower
bound binds. Similarly, Mehrotra (2018) ﬁnds in a model with credit frictions that transfers
at the zero lower bond generate larger transfer multipliers, but not larger than 0.5.
There is also work on the transfer multiplier in incomplete markets models of the HANK
type. Oh and Reis (2012) perform a quantitative analysis of the transfers of the ARRA
package in a model with household heterogeneity and sticky information. They ﬁnd very
small transfer multipliers on output, even though they assume that transfers are targeted to
households with a high marginal propensity to consume. According to the authors this may
be because their model is stylized and lacks important frictions. McKay and Reis (2016), in
turn, report a tax multiplier of 0.27 in a calibrated HANK model. Hagedorn et al. (2019)
assess ﬁscal multipliers in a HANK model under various parameterisations of monetary and
ﬁscal rules. They ﬁnd a cumulative transfer multiplier of 0.1.
Our paper is also related to a quickly growing literature studying the macroeconomic
issues brought about by the COVID-19 pandemic. Like us, Guerrieri et al. (2020) and
Fornaro and Wolf (2020) stress that the economic fallout from the pandemic may aﬀect
supply as well as demand. Eichenbaum et al. (2020), in turn, model the interaction between
economic decisions and epidemic dynamics and study the optimal government policy in the
presence of an infection externality. Most closely related to our paper is Faria-e-Castro
(2020b) who analyzes ﬁscal policy options to counter the pandemic-induced downturn in a
calibrated TANK model with a ﬁnancial sector.
The remainder of this paper is organized as follows. Section 2 outlines the model structure. Section 3 explains in detail our parameter choice. Here we rely largely on an earlier
estimated version of the model (Bayer et al., 2020). We present the results in Section 4. Here
we also zoom in on the transmission mechanism, both of the Q-shock and the alternative
transfer instruments, and analyze their distributional eﬀects. A ﬁnal section oﬀers some
conclusions.

2

Model

The model and our exposition here follows Bayer et al. (2020) closely and is extended to
capture the key features of the containment measures to the global COVID-19 pandemic. We
model an economy composed of a ﬁrm sector, a household sector, and a government sector.
5

The ﬁrm sector comprises (a) perfectly competitive intermediate goods producers who rent
out labor services and capital; (b) ﬁnal goods producers that face monopolistic competition,
producing diﬀerentiated ﬁnal goods out of homogeneous intermediate inputs; (c) producers
of capital goods that turn consumption goods into capital subject to adjustment costs; (d)
labor packers that produce labor services combining diﬀerentiated labor from (e) unions that
diﬀerentiate raw labor rented out from households. Price setting for the ﬁnal goods as well
as wage setting by unions is subject to a pricing friction à la Calvo (1983).
Households earn income from supplying (raw) labor and capital and from owning the ﬁrm
sector, absorbing all its rents that stem from the market power of unions and ﬁnal goods
producers, and decreasing returns to scale in capital goods production.
The government sector runs both a ﬁscal authority and a monetary authority. The ﬁscal
authority levies taxes on labor income and distributed pure proﬁts (monopoly rents), issues
government bonds, and adjusts expenditures and tax rates to stabilize debt in the long run.
The monetary authority sets the nominal interest rate on government bonds according to a
Taylor rule targeting inﬂation and the output gap.

2.1

Households

The household sector is subdivided into two types of agents: workers and entrepreneurs. The
transition between both types is stochastic. Both rent out physical capital, but only workers
supply labor. The eﬃciency of a worker’s labor evolves randomly exposing worker-households
to labor-income risk. Entrepreneurs do not work, but earn all pure rents in our economy
except for the rents of unions which are equally distributed across workers. All households
self-insure against the income risks they face by saving in a liquid nominal asset (bonds) and
a less liquid asset (capital). Trading illiquid assets is subject to random participation in the
capital market.
To be speciﬁc, there is a continuum of ex-ante identical households of measure one,
indexed by i. Households are inﬁnitely lived, have time-separable preferences with timediscount factor β, and derive felicity from consumption cit and leisure. They obtain income
from supplying labor, nit , from renting out capital, kit , and from earning interest on bonds,
bit , and potentially from proﬁts or union transfers. Households pay taxes on labor and proﬁt
income.
We abstract from modeling the pandemic per se through an SIER model but instead focus
on the economic eﬀects of a successfull suppression strategy.5 Such strategy involves shutting
down a substantial fraction of the economy where and whenever there is a local outbreak. We
5
Berger et al. (2020) use a SIER model to analyze testing and quarantine strategies. Eichenbaum et al.
(2020) nest a SIR model in a canonical general equilibrium macroeconomic model.
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capture this strategy in our model by assigning zero labor market productivity to a random
fraction of households – a quarantine state – from which they typically recover quickly. To
model the aggregate shock to the economy, we let the probability to enter the quarantine
state vary over time and calibrate it to be a very rare state in steady state. As workers move
into quarantine, we assume that their corresponding capital stock is mothballed.
2.1.1

Productivity, labor supply and labor income

A household’s gross labor income wt nit hit when not quarantined is composed of the aggregate
wage rate on raw labor, wt , the household’s hours worked, nit , and its idiosyncratic labor
productivity, hit . We assume that productivity evolves according to a log-AR(1) process and
a ﬁxed probability of transition between the worker and the entrepreneur state:

h̃it


(
)
h


exp
ρ
log
h̃
+
ϵ
with probability 1 − ζ if hit−1 ̸= 0,
h
it−1
it


=
1
with probability ι if hit−1 = 0,



0
else,

(1)

with individual productivity hit = ∫ h̃h̃it di such average productivity is normalized to one.
it
The shocks ϵhit to productivity are normally distributed with constant variance. A variable
Qit indicates that the household is quarantined, i.e., if Qit = 1 the household is not able
to work. Moving into and out of the quarantine states evolves according to a ﬁrst order
Markov process with time-varying entry probabilities and time-ﬁxed exit probabilities pin
t
and pout respectively. We denote by 1 − Ht the fraction of worker households in quarantine
and assume that the same fraction (1−Ht ) of capital is quarantined, too, i.e. it is mothballed
at zero utilization.
With probability ζ households become entrepreneurs (h = 0). With probability ι an
entrepreneur returns to the labor force with median productivity. An entrepreneur obtains a
ﬁxed share of the pure rents (aside from union rents), ΠFt , in the economy (from monopolistic
competition in the goods sector and the creation of capital). We assume that the claim to
the pure rent cannot be traded as an asset. Union rents, ΠUt are distributed lump-sum across
workers, leading to labor-income compression. For tractability, we assume union proﬁts to
be taxed at the average income tax rate of the economy.
With respect to leisure and consumption, households have Greenwood et al. (1988)
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(GHH) preferences and maximize the discounted sum of felicity:6
E0 max

{cit ,nit }

∞
∑

β t u [cit − G(hit , nit )] .

(2)

t=0

The maximization is subject to the budget constraints described further below. The felicity function u exhibits a constant relative risk aversion (CRRA) with risk aversion parameter
ξ > 0,
1
u(xit ) =
x1−ξ
,
1 − ξ it
where xit = cit − G(hit , nit ) is household i’s composite demand for goods consumption cit
and leisure and G measures the disutility from work. Goods consumption bundles varieties
j of diﬀerentiated goods according to a Dixit-Stiglitz aggregator:
(∫
cit =

ηt −1
ηt

) η η−1
t

cijt dj

t

.

Each of these diﬀerentiated goods is oﬀered at price pjt , so that for the aggregate price level,
1
(∫ 1−ηt ) 1−η
t , the demand for each of the varieties is given by
pjt dj
Pt =
(
cijt =

pjt
Pt

)−ηt
cit .

The disutility of work, G(hit , nit ), determines a not-quarantined household’s labor supply given the aggregate wage rate, wt , and a labor income tax, τt , through the ﬁrst-order
condition:
∂G(hit , nit )
= (1 − τt )wt hit .
(3)
∂nit
it ,nit )
Assuming that G has a constant elasticity w.r.t. n, ∂G(h
= (1 + γ) G(hnitit,nit ) with γ > 0,
∂nit
we can simplify the expression for the composite consumption good xit making use of the
ﬁrst-order condition (3):

xit = cit − G(hit , nit ) = cit −

(1 − τt )wt hit nit
.
1+γ

(4)

6
The assumption of GHH preferences is mainly motivated by the fact that many estimated DSGE models
of business cycles ﬁnd small aggregate wealth eﬀects in the labor supply; see, e.g., Born and Pfeifer (2014).
It also simpliﬁes the numerical analysis somewhat. Unfortunately, it is not feasible to estimate the ﬂexible
form of preference of Jaimovich and Rebelo (2009), which also encompasses King et al. (1988) preferences.
This would require solving the stationary equilibrium in every likelihood evaluation, which is substantially
more time consuming than solving for the dynamics around this equilibrium.
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When the Frisch elasticity of labor supply is constant, the disutility of labor is always a
∫
constant fraction of labor income. Total eﬀective labor input, (1 − Qit )nit hit di, is hence
∫
equal to N (wt )Ht because Ht := (1 − Qit )hit di.
2.1.2

Consumption, savings, and portfolio choice

Given this labor income, households optimize intertemporally subject to their budget constraint:
cit + bit+1 + qt kit+1 = bit

R(bit ,Rtb )
πt

+ (qt + rt )kit + Tt

+ (1 − τt )[(1 − Qit )hit wt Nt + R(h)Qit hit wt Nt + Ihit ̸=0 ΠUt + Ihit =0 ΠFt ],
kit+1 ≥ 0,

bit+1 ≥ B ,

where ΠUt is union proﬁts, ΠFt is ﬁrm proﬁts, bit is real bond holdings, kit is the amount
t−1
is realized
of illiquid assets, qt is the price of these assets, rt is their dividend, πt = PtP−P
t−1
inﬂation, and R is the nominal interest rate on bonds, which depends on the portfolio position
of the household and the central bank’s interest rate Rtb , which is set one period before. All
households that do not participate in the capital market (kit+1 = kit ) still obtain dividends
and can adjust their bond holdings. Depreciated capital has to be replaced for maintenance,
such that the dividend, rt , is the net return on capital. Holdings of bonds have to be above
an exogenous debt limit B, and holdings of capital have to be non-negative. Households that
are quarantined receive a payment replacing a fraction R(h) of their foregone labor income.
In line with the US unemployment insurance scheme the replacement rate depends on the
level of foregone income. All households potentially receive a lump-sum transfer Tt .
Households make their savings choices and their portfolio choice between liquid bonds
and illiquid capital in light of a capital market friction that renders capital illiquid because
participation in the capital market is random and i.i.d. in the sense that only a fraction, λ,
of households is selected to be able to adjust their capital holdings in a given period.
What is more, we assume that there is a wasted intermediation cost given by a constant,
R, when households resort to unsecured borrowing. This means, we specify:
R(bit , Rtb ) =


R b

if bit ≥ 0

R b + R

if bit < 0.

t

t

The extra wedge for unsecured borrowing creates a mass of households with zero unsecured
credit but with the possibility to borrow, though at a penalty rate.
Since a household’s saving decision will be some non-linear function of that household’s
9

wealth and productivity, inﬂation and all other prices will be functions of the joint distribution, Θt , of (b, k, h, Q) in t. This makes Θ a state variable of the household’s planning
problem and this distribution evolves as a result of the economy’s reaction to aggregate
shocks. For simplicity, we summarize all eﬀects of aggregate state variables, including the
distribution of wealth and income, by writing the dynamic planning problem with timedependent continuation values.
This leaves us with three functions that characterize the household’s problem: value
function V a for the case where the household adjusts its capital holdings, the function V n
for the case in which it does not adjust, and the expected envelope value, EV , over both:
Vta (b, k, h, Q) = max
u[x(b, b′a , k, k ′ , h, Q)] + βEt Vt+1 (b′a , k ′ , h′ , Q′ )
′ ′
k ,ba

Vtn (b, k, h, Q) = max
u[x(b, b′n , k, k, h, Q)] + βEt Vt+1 (b′n , k, h′ , Q′ )
b′n
]
[
[ a ′ ′ ′ ′ ]
n
(b′ , k, h′ , Q′ )
Et Vt+1 (b′ , k ′ , h′ , Q′ ) =Et λVt+1
(b , k , h , Q ) + Et (1 − λ)Vt+1

(5)

Expectations about the continuation value are taken with respect to all stochastic processes
conditional on the current states, including time-varying income risk. Maximization is subject to the corresponding budget constraint.

2.2

Firm Sector

The ﬁrm sector consists of four sub-sectors: (a) a labor sector composed of “unions” that
diﬀerentiate raw labor and labor packers who buy diﬀerentiated labor and then sell labor
services to intermediate goods producers, (b) intermediate goods producers who hire labor
services and rent out capital to produce goods, (c) ﬁnal goods producers who diﬀerentiate
intermediate goods and then sell them to goods bundlers, who ﬁnally sell them as consumption goods to households, and to (d) capital goods producers, who turn bundled ﬁnal goods
into capital goods.
When proﬁt maximization decisions in the ﬁrm sector require intertemporal decisions
(i.e. in price and wage setting and in producing capital goods), we assume for tractability
that they are delegated to a mass-zero group of households (managers) that are risk neutral
and compensated by a share in proﬁts.7 They do not participate in any asset market and
have the same discount factor as all other households. Since managers are a mass-zero group
in the economy, their consumption does not show up in any resource constraint and all but
7

Since we solve the model by a ﬁrst-order perturbation in aggregate shocks, the assumption of riskneutrality only serves as a simpliﬁcation in terms of writing down the model. With a ﬁrst-order perturbation
we have certainty equivalence and ﬂuctuations in stochastic discount factors become irrelevant.
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the unions’ proﬁts go to the entrepreneur households (whose h = 0). Union proﬁts go lump
sum to worker households.
2.2.1

Labor Packers and Unions

Worker households sell their labor services to a mass-one continuum of unions indexed by j,
each of whom oﬀers a diﬀerent variety of labor to labor packers who then provide labor services to intermediate goods producers. Labor packers produce ﬁnal labor services according
to the production function
ζ
(∫ ζ−1 ) ζ−1
Nt =
n̂jtζ dj
,
(6)
out of labor varieties n̂jt . Only a fraction Ht of these workers ﬁnds themselves able to work,
because (1−Ht ) is quarantined. Cost minimization by labor packers implies that each variety
of labor, each union j, faces a downward-sloping demand curve
(
n̂jt =

Wjt
WtF

)−ζ
Nt ,

where Wjt is the nominal wage set by union j and WtF is the nominal wage at which labor
packers sell labor services to ﬁnal goods producers.
Since unions have market power, they pay the households a wage lower than the price
at which they sell labor to labor packers. Given the nominal wage Wt at which they buy
labor from households and given the nominal wage index WtF , unions seek to maximize their
discounted stream of proﬁts. However, they face a Calvo-type (1983) of adjustment friction
with indexation with the probability λw to keep wages constant. They therefore maximize
E0

∞
∑
t=0

WF
β t λtw t Nt Ht
Pt

{(

t
Wjt π̄W
Wt
− F
F
Wt
Wt

)(

t
Wjt π̄W
WtF

)−ζ }
,

(7)

by setting Wjt in period t and keeping it constant except for indexation to π̄W , the steadystate wage inﬂation rate.
Since all unions are symmetric, we focus on a symmetric equilibrium and obtain the
linearized wage Phillips curve from the corresponding ﬁrst-order condition as follows, leaving
out all terms irrelevant at a ﬁrst-order approximation around the stationary equilibrium:
(
log
with πtW :=

WtF
F
Wt−1

=

πtW
π̄W

)

wtF
πtY
F
wt−1

(
= βEt log

W
πt+1
π̄W

)

(
+ κw

wt
wtF

−

1
µW

)
,

(8)

being wage inﬂation, wt and wtF being the respective real
11

wages for households and ﬁrms, and µ1W = ζ−1
being the target mark-down of wages
ζ
the unions pay to households, Wt , relative to the wages charged to ﬁrms, WtF and κw =
(1−λw )(1−λw β) 8
.
λw
2.2.2

Final Goods Producers

Similar to unions, ﬁnal goods producers diﬀerentiate a homogeneous intermediate good and
set prices. They face a downward-sloping demand curve
yjt = (pjt /Pt )−η Yt
for each good j and buy the intermediate good at the nominal price M Ct . As we do for
unions, we assume price adjustment frictions à la Calvo (1983) with indexation.
Under this assumption, the ﬁrms’ managers maximize the present value of real proﬁts
given this price adjustment friction, i.e., they maximize:
E0

∞
∑

{(
β t λtY (1 − τt )Yt

pjt π̄Yt
Pt

t=0

−

M Ct
Pt

)(

pjt π̄
Pt

t

)−η }
,

(9)

with a time constant discount factor.
The corresponding ﬁrst-order condition for price setting implies a Phillips curve
log

(π )
t

π̄

= βEt log

(π

t+1

π̄

)

(
+ κY mct −

1
µY

)
,

(10)

where we again dropped all terms irrelevant for a ﬁrst-order approximation and have κY =
(1−λY )(1−λY β)
t
. Here, πt is the gross inﬂation rate of ﬁnal goods, πt := PPt−1
, mct := MPCt t is the
λY
η
real marginal costs, π̄ is steady-state inﬂation and µY = η−1
is the target markup.
2.2.3

Intermediate Goods Producers

Intermediate goods are produced with a constant returns to scale production function of not
quarantined production:
YtF = Ntα (ut Kt )(1−α) ,
8

Including the ﬁrst-order irrelevant terms, the Phillips curve reads
( W)
[ ( W )
]
(
F
π
π
1−τt+1 Wt+1 Pt Nt+1 Ht+1
wt
log π̄tW = βEt log π̄t+1
−
+
κ
w
F
W
1−τt W Pt+1
Nt Ht
wF
t

where τt is the average income tax.
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t

1
µW

)

where ut Kt is the eﬀective capital stock taking into account utilization ut , i.e., the intensity
with which the existing capital stock is used. Using capital with an intensity higher than
normal results in increased depreciation of capital according to δ (ut ) = δ0 + δ1 (ut − 1) +
δ2 /2 (ut − 1)2 , which, assuming δ1 , δ2 > 0, is an increasing and convex function of utilization.
Without loss of generality, capital utilization in the steady state is normalized to 1, so that
δ0 denotes the steady-state depreciation rate of capital goods.
Let mct be the relative price at which the intermediate good is sold to ﬁnal goods producers. The intermediate goods producer maximizes proﬁts,
mct YtF − wtF Nt − [rt + qt δ(ut )] Kt ,
where rtF and qt are the rental rate of ﬁrms and the (producer) price of capital goods respectively. The intermediate goods producer operates in perfectly competitive markets, such
that the real wage and the user costs of capital are given by the marginal products of labor
and eﬀective capital:
(
wtF
rtF

= αmct

ut Kt
Nt

)1−α

+ qt δ(ut ) = ut (1 − α)mct

,
(

Nt
ut Kt

(11)
)α
.

(12)

We assume that utilization is decided by the owners of the capital goods, taking the
aggregate supply of capital services as given. The optimality condition for utilization is
given by
)α
(
Nt
,
(13)
qt [δ1 + δ2 (ut − 1)] = (1 − α)mct
ut Kt
i.e., capital owners increase utilization until the marginal maintenance costs equal the marginal
product of capital services.
Total production Yt = Ht YtF is scaled by Ht because we assume that the same fraction
of capital is quarantined as are workers, e.g. when stores or plants temporarily need to
close. However, this does not show up in any ﬁrst order condition of active production units
– the easiest way to think about this is that production units make their factor demand
decisions and only afterwards ﬁnd out whether they can produce. If the production unit
is quarantined, workers receive zero wages and quarantined capital receives zero user cost
compensation but is still depreciated at rate δ0 −δ1 +δ2 /2. This means capital owners receive
as average dividend payment on their capital
rt = rtF Ht − (1 − Ht )δ(0).
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(14)

2.2.4

Capital Goods Producers

Capital goods producers take the relative price of capital goods, qt , as given in deciding
about their output, i.e., they maximize
E0

∞
∑

{ [
β t It

qt

t=0

ϕ
1−
2

(
log

)2 ]

It

}
−1 .

It−1

(15)

Optimality of the capital goods production requires (again dropping all terms irrelevant
up to ﬁrst order)
[
qt 1 − ϕ log

It
It−1

]

[

(

= 1 − βEt qt+1 ϕ log

It+1
It

)]
,

(16)

and each capital goods producer will adjust its production until (16) is fulﬁlled.
Since all capital goods producers are symmetric, we obtain as the law of motion for
aggregate capital
[

Kt − (1 − δ(ut )) Kt−1

ϕ
= 1−
2

(
log

It

)2 ]

It−1

It .

(17)

The functional form assumption implies that investment adjustment costs are minimized
and equal to 0 in the steady state.

2.3

Government

The government operates a monetary and a ﬁscal authority. The monetary authority controls the nominal interest rate on liquid assets, while the ﬁscal authority issues government
bonds to ﬁnance deﬁcits, chooses both the average tax rate in the economy as well as tax
progressivity, and adjusts expenditures to stabilize debt in the long run and output in the
short run.
We assume that monetary policy sets the nominal interest rate following a Taylor-type
(1993) rule with interest rate smoothing:
b
Rt+1
=
R̄b

(

Rtb
R̄b

)ρR (

πt )(1−ρR )θπ
π̄

(

Yt
Yt∗

)(1−ρR )θY
.

(18)

The coeﬃcient R̄b ≥ 0 determines the nominal interest rate in the steady state. The coeﬃcients θπ , θY ≥ 0 govern the extent to which the central bank attempts to stabilize inﬂation
and the output gap, where the gap, YYt∗ , is deﬁned relative to what output would be at
t
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stationary equilibrium markups, Yt∗ . ρR ≥ 0 captures interest rate smoothing.
The government follows a simple rule for government spending that reacts to government
debt:
( )ρG ( )(1−ρG )γBG
Gt
Gt
Bt
,
(19)
=
Ḡ
Ḡ
B̄
where γBG determines the degree of debt stabilization.
The government sets the tax rate in the economy according to a similar rule:
τ t ( τ t )ρ τ
=
τ̄
τ̄

(

Bt
B̄

)(1−ρτ )γBτ
.

(20)

(
)
Total taxes Tt are then Tt = τt wt nit hit + Ihit ̸=0 ΠUt + Ihit =0 ΠFt and the government
budget constraint determines government debt residually:
∫
Bt+1 =

2.4

Rtb /πt Bt

+ Gt − Tt + Tt + wt Nt (1 − Ht )

R(hi )hi di.

(21)

Goods, Bonds, Capital, and Labor Market Clearing

The labor market clears at the competitive wage given in (11). The bond market clears
whenever the following equation holds:
[ ∗
]
F
U
∗
Bt+1 = B d (Rtb , pin
,
r
,
q
,
Π
,
Π
,
w
,
π
,
τ
,
Θ
,
E
V
)
:=
E
λb
+
(1
−
λ)b
t
t
t
t
t
t
t
t+1
t
t
t
t
a,t
n,t ,

(22)

where b∗a,t , b∗n,t are functions of the states (b, k, h, Q), and depend on how households value
asset holdings in the future, Vt+1 (b, k, h, Q), and the current set of prices (and tax rates)
U
F
(Rtb , pin
t , rt , qt , Πt , Πt , wt , πt , τt ). Future prices do not show up because we can express the
value functions such that they summarize all relevant information on the expected future
price paths. Expectations in the right-hand-side expression are taken w.r.t. the distribution
Θt (b, k, h, Q). Equilibrium requires the total net amount of bonds the household sector
demands, B d , to equal the supply of government bonds. In gross terms there are more liquid
assets in circulation as some households borrow up to B.
Last, the market for capital has to clear:
∗
F
U
Kt+1 = K d (Rtb , pin
t , rt , qt , Πt , Πt , wt , πt , τt , Θt , Et Vt+1 ) := Et [λkt + (1 − λ)k] , (23)

where the ﬁrst equation stems from competition in the production of capital goods, and the
second equation deﬁnes the aggregate supply of funds from households – both those that
trade capital, λkt∗ , and those that do not, (1 − λ)k. Again kt∗ is a function of the current
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prices and continuation values. The goods market then clears due to Walras’ law, whenever
labor, bonds, and capital markets clear.

2.5

Equilibrium

A sequential equilibrium with recursive planning in our model is a sequence of policy functions
{x∗a,t , x∗n,t , b∗a,t , b∗n,t , kt∗ }, a sequence of value functions {Vta , Vtn }, a sequence of prices {wt , wtF ,
p
ΠFt , ΠUt , qt , rt , Rtb , πt , πtW , τt }, a sequence of stochastic states pin
t and quarantine shocks ϵt ,
aggregate capital and labor supplies {Kt , Nt }, distributions Θt over individual asset holdings
and productivity, and expectations Γ for the distribution of future prices, such that
1. Given the functional Et Vt+1 for the continuation value and period-t prices, policy
functions {x∗a,t , x∗n,t , b∗a,t , b∗n,t , kt∗ } solve the households’ planning problem, and given the
policy functions {x∗a,t , x∗n,t , b∗a,t , b∗n,t , kt∗ }, prices, and the value functions {Vta , Vtn } are a
solution to the Bellman equation (5).
2. Distributions of wealth and income evolve according to households’ policy functions.
3. The labor, the ﬁnal goods, the bond, the capital, and the intermediate goods markets
clear in every period, interest rates on bonds are set according to the central bank’s
Taylor rule, ﬁscal policies are set according to the ﬁscal rules, and stochastic processes
evolve according to their law of motion.
4. Expectations are model consistent.

3

Parameterization

We solve the model by perturbation methods (Bayer and Luetticke, 2018) and parameterize
the model in the following way. First, we calibrate or ﬁx all parameters that aﬀect the steady
state of the model. Second, we take the parameters that govern the dynamics of the model
from Bayer et al. (2020) who estimate a closely related variant of our model using Bayesian
full-information methods.
We ﬁx a number of parameters either following the literature or targeting steady-state
ratios; see Table 2 (all at quarterly frequency of the model). For the household side, we
set the relative risk aversion to 4, which is common in the incomplete markets literature;
see Kaplan et al. (2018). We set the Frisch elasticity to 0.5; see Chetty et al. (2011). We
take estimates for idiosyncratic income risk (after tax and transfers) from Storesletten et al.
(2004), ρh = 0.98 and σ̄h = 0.12. Guvenen et al. (2014) provide the probability that a
16

Table 1: Calibrated parameters
Targets

Model

Data

Source

Parameter

Mean illiquid assets (K/Y)
Mean liquidity (B/Y)
Top10 wealth share
Fraction borrowers

11.44
2.88
0.67
0.16

11.44
2.88
0.67
0.16

NIPA
FRED
WID
SCF

Discount factor
Port. adj. probability
Fraction of entrepreneurs
Borrowing penalty

Table 2: External/calibrated parameters (quarterly frequency)
Parameter

Value Description

Households
β
0.981
ξ
4
γ
2
λ
0.1
ρh
0.98
σh
0.12
ζ
1/5000
ι
1/16
in
pss
1/5000
out
p
0.5
R̄
1.95%
Firms
α
0.68
δ0
1.75%
η̄
11
ζ̄
11
Government
τ̄ L
0.2
R̄b
1.004
π̄
1.00

Target

Discount factor
Relative risk aversion
Inverse of Frisch elasticity
Portfolio adj. prob.
Persistence labor income
STD labor income
Trans. prob. from W. to E.
Trans. prob. from E. to W.
Trans. prob. into Q
Trans. prob. out of Q
Borrowing penalty

see Table 1
Kaplan et al. (2018)
Chetty et al. (2011)
see Table 1
Storesletten et al. (2004)
Storesletten et al. (2004)
see Table 1
Guvenen et al. (2014)

Share of labor
Depreciation rate
Elasticity of substitution
Elasticity of substitution

62% labor income
Standard value
Price markup 10%
Wage markup 10%

Tax rate level
Nominal rate
Inﬂation

G/Y = 15%
1.6% p.a.
0% p.a.

see Table 1

household will fall out of the top 1% of the income distribution in a given year, which we
take as the transition probability from entrepreneur to worker, ι = 1/16.
Table 1 summarizes the calibration of the remaining household parameters. We match
4 targets: 1) average illiquid assets (K/Y=11.44), 2) average liquidity (B/Y=2.88), 3) the
fraction of borrowers, 16%, and 4) the average top 10% share of wealth, which is 67%.
This yields a discount factor of 0.981, a portfolio adjustment probability of 10%, borrowing
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Table 3: Aggregate frictions and policy rules
Real frictions
δs

1.483

ϕ

Nominal frictions
0.233

κ

0.101

θy

0.000

κw

0.128

Monetary policy
ρR

0.800

θπ

2.603

Government spending
ρG

0.900

γBG

Taxes

-0.100

ρτ

0.900

γBτ

-0.100

Notes: Parameter values for real and nominal frictions and the Taylor rule (except θy , see
text) based on the estimated HANK model in Bayer et al. (2020). Tax and government
spending rules parameterized to ensure debt sustainability.

penalty of 1.95% quarterly (given a borrowing limit of two times average income), and a
transition probability from worker to entrepreneur of 1/5000.9
We model the Q-state as a rare disaster state with almost zero mass in steady state.
In that state, households receive government transfers that replace 40% of their after-tax
labor income capped at 50% of median income. This mimics the generosity of the US
unemployment insurance before the CARES act. The exit probability from the Q-state is
50% per quarter. In our experiments in the next section, we will increase pin
t , the probability
to enter Q, for one quarter.
For the ﬁrm side, we set the labor share in production, α, to 68% to match a labor
income share of 62%, which corresponds to the average BLS labor share measure over 19542015. The depreciation rate is 1.75% per quarter. An elasticity of substitution between
diﬀerentiated goods of 11 yields a markup of 10%. The elasticity of substitution between
labor varieties is also set to 11, yielding a wage markup of 10%. Both are standard values
in the literature.
The government taxes labor and proﬁt income. The level of taxes in steady state, τ L ,
is set to clear the government budget constraint that corresponds to a government share of
G/Y = 15%. The policy rate is set to an annualized rate of 1.6%. This corresponds to the
average federal funds rate in real terms over 1954-2015. We set steady-state inﬂation to zero
as we have assumed indexation to the steady-state inﬂation rate in the Phillips curves.10
The remaining parameters that only matter for the dynamics of the model, i.e., the aggregate frictions, are set to the values estimated via Bayesian methods in Bayer et al. (2020);
9

Detailed data sources can be found in Appendix A.
We subtract from both the liquid and illiquid return 1.6% annual to account for the annual growth rate
of the US economy over 1954-2015.
10
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see Table 3. These parameter estimates are broadly in line with the representative-agent
literature, with the exception of the real frictions, which are up to one order of magnitude
smaller than the typical representative-agent model estimates. In particular, investment
adjustment costs are substantially smaller. This reﬂects the portfolio adjustment costs at
the household level that generate inertia in aggregate investment. The parameter values for
nominal frictions are standard, with price and wage stickiness being less than 4 quarters on
average. The estimated Taylor rule coeﬃcients on inﬂation, 2.6 and interest rate inertia 0.8
are in line with the literature. The Taylor rule coeﬃcient on output needs some discussion,
as it is not clear in the current situation whether the Fed’s output target Y ∗ takes the lockdown into account. Given that the Fed has some room for policy discretion in this, we avoid
taking a stand and set the coeﬃcient to zero. The ﬁscal rules that govern spending and
taxes are parameterized to ensure that public debt is slowly brought back to steady state
after a debt build-up.

4

Results

In this section, we present our results based on model simulations. In a ﬁrst step, we develop
our baseline scenario for which we expose the estimated model to the quarantine shock (Qshock). Given this scenario we assess, in a second step, how the transfer component of the
CARES act plays out. Third, we zoom in on the design of the transfer payments in order to
shed some light into the transmission mechanism. And last, we report results regarding the
distributional eﬀects of the Q-shock and the transfer component of the Coronavirus stimulus.

4.1

The Quarantine Shock

First, to set the stage, we develop a baseline scenario for the lockdown. We assume that
households face a 10% chance of becoming quarantined. While this represents a strong
increase of income risk, we consider it a conservative modelling choice in light of the outlook
for near term employment as of March 2020. Below we also report results for a more
severe shock in which case we assume that 30% of the labor force are put under quarantine.
Figure 2 shows the quarantine shock. Here and in what follows the horizontal axis measures
time in quarters, while the vertical axis measures the deviation from steady state. In the
initial period, say, in 2020Q1, nobody is yet put under quarantine, but the risk of becoming
quarantined in 2020Q2 increases to 10% (from eﬀectively zero). Figure 2 plots the fraction
of the labor force that is actually quarantined. In 2020Q2, quarantine peaks with 10% of the
labor force being quarantined. The quarantine state is short lived with an exit probability of
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Figure 2: Quarantine shock: Fraction of quarantined households
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Notes: Impulse responses to the quarantine shock. X-axis: Quarters.

50% each quarter. Four quarters after it has started, only about 2.5% of the labor force are
still under quarantine. While actual quarantine measures are likely to be even shorter, the
income loss from quarantine measures may extend somewhat beyond the quarantine state.
And the income loss is what matters for our analysis.
The quarantine shock reduces the eﬀective labor force and the eﬀective capital stock in
the economy and thus lowers its production potential. However, it also adversely impacts
aggregate demand to the extent that it is anticipated and that it increases idiosyncratic
income risk. Households try to self-insure against this risk by increasing their liquid savings.11
Figure 3 shows the response of aggregate quantities to the Q-shock. Although quarantine
starts in 2020Q2 only, output, consumption, and investment already decline strongly due
the immediate negative impact on expectations—the anticipation brings forward in time
the adverse impact of the shock. In each panel we measure the deviation of a variable in
percentage deviations from steady state. On impact, that is, as soon as the shock becomes
known, consumption (upper row, middle panel) drops by 4%, investment (upper row, right
panel) collapses as well. As a result, output (upper row, left panel) declines by about 3%.
At this point, hours worked (lower row, left panel) drop sharply, even though the labor force
has not been decimated by quarantine, yet. In fact, this is a response to the collapse in
aggregate demand and comes about through a reduction of hours worked per person. We
show the adjustment of the intensive margin in the lower-middle panel of the ﬁgure. On
11

In terms of aggregate dynamics this looks like a “risk premium shock”, a driving force of business cycles
in standard macro models (see, for instance, Smets and Wouters, 2007).
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Figure 3: Quarantine shock: Aggregate quantities
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Notes: Impulse responses to the quarantine shock. Y-axis: Percent deviation from steady state.
X-axis: Quarters.

impact it declines sharply. The utilization of capital, that is, the eﬀective capital stock,
(lower-right panel) declines likewise.
Over time, the nature of the adjustment changes fundamentally. Investment and output
decline further, but now this decline is due to the quarantine which becomes eﬀective in
the second period. In fact, some of the reduction of the labor force is now compensated
by an increase of hours worked by those people which are still employed.12 This does not,
however, fully compensate for the shortfall of labor supply: Eﬀective hours remain depressed
relative to the steady-state level. As a result, the contraction gets more severe. We observe
12

Practical examples would be workers in the health sector, in delivery services, in grocery stores and
supermarkets because cooking at home replaces eating out, in the production of medical equipment or IT
equipment for remote work, etc.
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a maximum output eﬀect of 3.5% in the third period after impact, that is, in 2020Q3. At
this point investment has declined by about 6% relative to its steady-state level. As a result
the Q-shock is having a lasting eﬀect: even though the quarantine itself is fairly short-lived,
it takes more than 3 years for output to recover.
Overall, the recession triggered by the Q-shock is relatively mild—not compared to a
garden-variety recession—but compared to household expectations regarding the impact
of the COVID-19 pandemic (Dietrich et al., 2020). Note, however, that the assumptions
underlying our Q-shock scenario for the baseline are relatively benign. As we consider a
more adverse scenario below for which we assume that 30% of the labor force is put under
quarantine, the eﬀect of the shock on the economy also increases by a factor of 3 compared
to the baseline.13

4.2

The Coronavirus Stimulus

The CARES act provides for substantial transfer payments to households in response to the
economic fallout from the pandemic. We are now in position to quantify its eﬀect on the
aggregate economy. In doing so, we seek to account for the circumstances under which the
transfer payments take place, namely in an economy that has been exposed to the Q-shock.
As we will see shortly, this matters for the eﬀects of the stimulus package.
The reason is that part of the transfers are paid conditional on the recipient being unemployed. In this way, the transfer payment partly undoes the increase of income risk due
to the Q-shock. In our model simulations, we capture this conditional transfer by paying
a lump-sum transfer equivalent to $600 per week to those households that lose income because they are put under quarantine. For the baseline, we assume unemployment to rise to
10%. In this case the CARES-act transfer payments to the unemployed amounts to $250
billion, which happens to be sum currently earmarked under the CARES act for this purpose. Importantly, by being conditional on being unemployed, the transfer operates like an
unemployment insurance, thereby reducing the costs associated with the quarantine state
from an ex-ante perspective.
The other transfer component under the CARES act, instead, is basically unconditional:
a one-time payment of $1,200 to any adult in the U.S. population, except for households
in the top 10% of the income distribution. This form of conditionality is moderate and for
the ease of exposition we refer to this transfer as “unconditional transfer”. We model these
transfers as lump-sum payments to households, where the unconditional transfer is a one-oﬀ
event in period 2 (2020Q2). Consistent with the actual provisions in the CARES act, we
13

See Appendix B.
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Figure 4: Adjustment to the Q-shock: w and w/o stimulus
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exclude households above the 90th percentile of the income distribution from the transfer
payment.
Figure 4 contrasts the adjustment to the Q-shock with and without the transfer payments
under the CARES act. The black solid lines serve as a benchmark: they reproduce the results
shown in Figure 3 above, namely the adjustment that would take place in the absence of the
CARES-act transfer. The blue dashed lines show the response of the economy to the same
shock under the assumption that the transfers are put in place. They clearly make a big
diﬀerence in the short run. With transfers to households, the decline in consumption in the
short run is reduced by more than half. On impact consumption drops only by 1.5% rather
than by 4%, and similarly in the second period when most of the transfers are actually paid
out. The sizable transfer to households counteracts the eﬀect of the recessionary Q-shock
by stimulating demand and increasing insurance. From 2020Q3 onward, however, the path
of consumption basically follows the baseline. Hence, the eﬀect of the stimulus is limited
to the ﬁrst two quarters after impact. This is perhaps unsurprising, given that it is rather
short-lived. During 2020Q1-Q2, we observe that output drops by 50% less as a result of the
transfer payments.
The transfer payment is no free lunch: it raises the debt-to-GDP ratio persistently by
about 5 percentage points. The adjustment of the debt-to-GDP ratio with and without
transfers is shown in the lower-left panel of Figure 4. Without the transfers under the
CARES act, the debt ratio increases by about 2-3 percentage points because of higher
outlays under the conventional unemployment insurance scheme. On impact, the debt ratio
increases less under the stimulus because it generates additional tax revenues by boosting
economic activity ahead of the actual disbursement of the transfer payment. In the second
period the stimulus bill comes due and at the beginning of the third period debt exceeds
its counterfactual no-stimulus level by some 5 percentage points. This diﬀerence is rather
lasting because we assume that debt is paid back over many years—by gradually increasing
taxes and reducing government spending in equal proportions.
The middle row of Figure 4 shows the response of prices and returns (in annualized
percentage points). The price of capital immediately reacts and falls by 1% in 2020Q1
when quarantine is announced. The Q-shock, by restricting the supply of labor and capital,
increases marginal costs and hence inﬂation. Inﬂation peaks in 2020Q2 with an increase
of 1 percentage points, absent the transfer payment. The transfer adds to the inﬂationary
impact, pushing up the inﬂation response to close to 2 percentage points in 2020Q2. Higher
inﬂation, in turn, induces monetary policy to raise nominal rates sharply (middle-left panel)
under our interest rate rule. We consider an alternative, more accommodating speciﬁcation
for monetary policy below.
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4.3

The Transfer Multiplier

We ﬁnally turn to the question that motivates our analysis: How large is the transfer multiplier? As our discussion above made clear, the answer depends crucially on whether the
transfer is conditional or unconditional. The upper part of Figure 5 presents transfer multipliers for two alternative speciﬁcations of monetary policy. In the left panel, we assume the
conventional monetary policy rule as parameterized in Section 3. For the results shown in
the right panel, we assume that monetary policy is less responsive than usual; we discuss this
scenario below. In all instances, we show the cumulative multiplier: the cumulative output
change in all periods up to horizon k that are due to the transfer, divided by the cumulative
transfer payments up to the same horizon. In the ﬁgure, we show the cumulative transfer
multiplier from period 2 onward because no transfers are disbursed in the ﬁrst period.
The (black) solid line without markers captures the overall transfer multiplier of the
CARES act. In period 2, that is, in 2020Q2, the cumulative multiplier is 0.42. This means
that for every dollar that is disbursed to households in 2020Q2, total income in the ﬁrst
half of 2020 increases by 42 cents on average. This within the range reported in the existing
literature, albeit at the higher end (Coenen et al., 2012; McKay and Reis, 2016; Giambattista
and Pennings, 2017). To shed more light on this result, we decompose the multiplier: the
(blue) line with diamonds and the (red) line with crosses in Figure 5 represent the multiplier
for the conditional and the unconditional transfer under the CARES act. Here we obtain
values of 0.13 and 1.12 for 2020Q2. The overall multiplier is a weighted average of the two.
The conditional transfer multiplier is about 8 times the unconditional transfer multiplier
for three reasons. First, the conditional transfer is directed to the unemployed which have
a high marginal propensity to consume. Second, this matters already in the impact period. As shown by Auclert et al. (2018), in HANK models such as ours, anticipated income
changes impact current spending via the “intertemporal marginal propensity to consume”.
Speciﬁcally, households that operate near their liquidity constraint may raise expenditures
in response to an expected income increase in the near future. This eﬀect is not present in
TANK models since there the borrowing constraint of non-optimizing households is always
binding. Third, the conditional transfer boosts aggregate demand already in period 1 because it reduces income risk. The cumulative multiplier captures this eﬀect since it measures
the total eﬀect on output since the transfer is announced in the ﬁrst period.
To illustrate this in more detail, Figure 6 shows the responses of aggregate quantities to
the quarantine shock for the baseline and for both transfer payments. The unconditional
transfer, worth 5% of quarterly GDP, is paid out lump-sum to all households in quarter 2
(plotted in red with crosses). This policy stabilizes aggregate consumption by only so much.
However, also in this case we observe the strongest impact in the ﬁrst period, that is when
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Figure 5: Cumulative transfer multipliers
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Notes: Cumulative multiplier is computed as kj=1 yi / kj=1 ti , where yi
is the deviation of output from baseline, ti is the transfer payment (both
measured in percentage points of steady-state output), and k is the time
since announcement in period 2020Q1, measured along the horizontal axis.
We report multipliers from period t = 2 onward, since transfers are zero
in the ﬁrst period.

the transfer is announced, rather than when it is coming online. The conditional transfer,
while having much larger eﬀects, exerts its maximum impact also in period 1. In this case,
it is particularly sizable for the reasons given above.
Monetary policy plays a key role for the transmission of ﬁscal policy measures. This point
has been emphasized by a number of contributions which have mostly focused on government
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Figure 6: Aggregate quantities: Conditional vs unconditional transfers
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purchases (Christiano et al., 2011; Leeper et al., 2017; Woodford, 2011). We now zoom
in on how monetary policy matters for the eﬀect of the transfers under the CARES act.
Speciﬁcally, we compare the results for the baseline to an alternative speciﬁcation for which
we assume that monetary policy is less responsive to inﬂation. We do so by introducing
substantial interest rate smoothing: we set ρR = 0.99 in the interest rate rule above and
refer to this case as “unresponsive” monetary policy.14
We report the cumulative multiplier under the unresponsive monetary policy in the upper
right panel of Figure 5. We ﬁnd that relative to the baseline results shown in the left panel,
multipliers are shifted upwards. We ﬁnd values for the cumulative multiplier in 2020Q2 that
are now about unity (overall), 2.1 (conditional transfers) and 0.4 (unconditional transfers).
This is because monetary policy now raises the interest rate less in the short run as the
inﬂationary pressure of the ﬁscal stimulus mounts. Real interest rates increase less and this
ampliﬁes the eﬀect of the ﬁscal stimulus. At the time of writing, it is unclear to what extent
central banks will be ready to accommodate the inﬂationary impulse of the stimulus or not.
Likewise there is considerably uncertainty about the size of the contraction due the
COVID-19 pandemic. Our baseline scenario is conservative as we assume that only 10% of
the labor force is quarantined. We now report results for a more extreme scenario in which
the lockdown shuts oﬀ 30% of the labor force. While this scenario is extreme, it cannot be
ruled out at the time of writing, see also the discussion in the Section 1. We show results
14

We leave a full-ﬂedged analysis of the zero-lower-bound constraint or a passive monetary policy regime
for further research.
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for this scenario in Figure 9 in the Appendix. The ﬁgure is organized in the same way as
Figure 4 above and the results are comparable, but scaled up relative to the smaller Q-shock
by factor 3. Note, however, that in this case the conditional transfer is much larger than
in our baseline, too. It amounts now to some $750 billion, rather than $250 billion in the
baseline. Hence, if this more adverse scenario were to materialize, the Coronavirus stimulus
would necessarily increase in size. We show the eﬀect on the multipliers in the lower part
of Figure 5. The key diﬀerence relative to the baseline scenario is that only the multiplier
for the total transfers under the CARES act increase, simply because the relative weight of
conditional transfers goes up.

4.4

Distributional Eﬀects

Since the Q-shock reduces the supply of production factors drastically, it drives up marginal
costs and thus – despite our estimated Phillips curve being relatively ﬂat – it lowers markups
considerably. This has a strong impact on the income distribution and especially the income
richest households, the entrepreneurs, lose heavily from the Q-shock. What is more, also
returns to capital fall drastically and more than wage income because the quarantined capital
still depreciates. In addition, initially low real returns on liquid assets also hit those rich in
these assets.
As a consequence of all of this, consumption and income inequality, measured by the
Gini coeﬃcient decline after the Q-shock, see Figure 7. The stimulus package ampliﬁes the
movements in marginal costs further by stabilizing demand. The stimulus also is highly
progressive in its distributional consequences such that the income Gini falls even further.
Since real interest rates on liquid assets rise further under the stimulus package because
government debt shows a stronger upward movement, the wealth Gini falls stronger under
the stimulus package than without (cf. Bayer et al., 2020). But it also falls under the baseline
as a result of the very rich entrepreneur households strongly losing income during the crisis.
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Figure 7: Distributional eﬀects
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5

Conclusion

We analyze the economic eﬀects of a successfull suppression strategy of COVID-19. Such
strategy involves shutting down a substantial fraction of the economy where and whenever
there is a local outbreak. We capture this strategy in our model by introducing a quarantine
state for households that reduces the eﬀective amount of labor and capital in aggregate
production. Under the assumption that 10% of households are in quarantine in 2020Q2, we
show that output declines by 3.5% in 2020. The recession follows from depressed supply but
also from depressed demand because quarantine increases household income risk.
Given this scenario, we show that the transfer component of the CARES act stabilizes
output and consumption by almost 50% in 2020. There is already a substantial eﬀect on
output and consumption in 2020Q1 by aﬀecting households’ expectations of the costs of
quarantine. We estimate a transfer multipliers of the CARES act between 0.4 and 1.2 in
2020, depending on the responsiveness of monetary policy to inﬂation and the share of
transfers to unemployed households. Key for this high multiplier are transfers directly paid
to the unemployed/quarantined households because these transfers are targeted to high MPC
households and reduce income risk ex ante.
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Figure 8: Severe Quarantine Shock: Fraction of quarantined households
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Notes: Impulse responses to the quarantine shock. X-axis: Quarters.

A

Data for Calibration

Mean illiquid assets. Fixed assets (NIPA table 1.1) over quarterly GDP (excluding net
exports; see below), averaged over 1954-2015.
Mean liquidity. Gross federal debt held by the public as percent of GDP (FYPUGDA188S). Available from 1954-2015.
Fraction of borrowers. Taken from the Survey of Consumer Finances (1983-2013); see
Bayer et al. (2019) for more details.
Average top 10% share of wealth. Source is the World Inequality Database (19542015).

B

Severe Quarantine

Figure 9 shows the aggregate consequences for the scenario when 30% of households are in
quarantine in 2020Q2.
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Figure 9: The Adjustment to 30% Q-shock: w and w/o Stimulus
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Notes: Y-axis: All quantities are reported in percent deviations from steady state. All prices
are reported in annualized percentage points from steady state. X-axis: Quarters.
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