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Abstract

I use a dynamic stochastic general equilibrium model to study the effects of the
2019-20 coronavirus pandemic in the United States and subsequent fiscal policy re-
sponse. The pandemic is a large negative shock to the utility of consumption of
contact-intensive services. Through general equilibrium, this negative shock propa-
gates to the non-services and financial sectors, triggering a deep recession. I use a
calibrated version of the model to analyze different types of fiscal policies. I find that
UI benefits are the most effective tool to stabilize income for borrowers, who are the
hardest hit, while savers favor unconditional transfers. Liquidity assistance programs
are effective if the policy objective is to stabilize employment in the affected sector. I
study the effects of the $2 trillion CARES Act of 2020.
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1 Introduction

The on-going COVID-19 outbreak is causing widespread disruption in the world’s advanced
economies. Monetary authorities were quick to react, with the Federal Reserve and other
major central banks returning to their 2008-09 Financial Crisis toolkits. Following these
steps, fiscal authorities around the globe are in the process of designing and approving
stabilization packages to help sustain household and firm balance sheets.

In this paper, I adapt a macroeconomic model to simulate the macroeconomic effects
of a pandemic and to study the effects of different types of fiscal policy instruments. The
pandemic is modeled as a sudden stop of a contact-intensive services sector. Through aggre-
gate demand externalities, the shutdown of this sector propagates to the non-services sector.
Through balance sheet linkages, it also propagates to the financial sector. The rise in unem-
ployment leads to a wave of defaults, disrupting financial intermediation and amplifying the
recession. The pandemic scenario is pessimistic: the shock lasts for three quarters (through
the end of 2020) and results in about a 20% unemployment rate. Borrower households, who
derive most of their income from employment and rely on bank credit to fund consumption,
are the most affected group.

I use a calibrated version of the model to study the effects of different types of discre-
tionary fiscal policy: (i) an increase in non-service government purchases, (ii) a decrease in
the income tax, (iii) an expansion of unemployment insurance (UI), (iv) an unconditional
transfer, (v) payment of wages by the government to service firms.

In terms of measuring the effectiveness of different measures, it is not clear that the
traditional concept of GDP multiplier is appropriate in this context. The shut down of
economic activity is largely intentional, and part of pandemic suppression measures, and
focus on GDP stabilization could be detrimental to fight the pandemic. For that reason, I
evaluate different policies based on consumption and household income multipliers, which
measure the dollar impact of fiscal spending on consumption of either type of household, and
on labor income net of government transfers. I find that there is considerable variation in
the distribution effects of different types of policies. Borrowers, who are most affected by the
crisis, receive a larger consumption boost from policies that resemble cash transfers, such as
an increase in Ul benefits. I find that unconditional transfers of the type that are currently
being proposed generate similar distributional effects, with the added benefit of a potentially
less costly implementation. Finally, I find that liquidity assistance to firms yields weaker
effects per dollar spent on household income and consumption, but can be very effective if
maintaining employment levels in the affected sector is a policy objective. An analysis of

the preliminary plans for the CARES Act of 2020 (the $ 2 trillion coronavirus aid package)



reveals that Ul and transfers are the most effective components of the package.

Finally, it is worth noting that the pandemic scenario is assumed to be a completely
exogenous shock to the economy. In practice, it is likely that the most effective type of fiscal
policy would be one that targets the underlying source of the shock, i.e. investment in public
health measures related to prevention, suppression, mitigation, and/or cure. The exercise
also assumes away changes in the labor force due to deaths caused by the disease, and which

could potentially be significant (Barro et al., 2020).

Literature The exercise in this paper is very similar to the analysis conducted by Drautz-
burg and Uhlig (2015) and Taylor (2018) for the American Recovery and Reinvestment Act
of 2009, where the authors use a DSGE model to simulate a recession scenario and then con-
sider the effects of a policy package. Faria-e-Castro (2018) conducts a similar analysis, while
also taking into account financial sector interventions that involved asset purchases such as
TARP, among others. I mostly abstract from issues related to financial sector interventions
in this paper.

This paper also contributes to the modeling of a pandemic in a macroeconomic model.
Fornaro and Wolf (2020) study how monetary and fiscal policy can be used to respond to
the current pandemic by preventing the economy from falling into stagnation traps follo-
wing persistent negative shocks to productivity growth. Eichenbaum et al. (2020) embed a
canonical epidemiology model (the SIR model) in a real business cycle model. Since they
endogenize the dynamics of the epidemic, their model allows them to study optimal health
policy responses. They find that a severe recession, generated by agents’ optimal decision to
cut back on consumption and hours worked, helps reduce the severity of their epidemic. My
analysis is complementary to theirs: I take the epidemic as exogenous and given, and study
how a fiscal authority can help stabilize income and consumption during the epidemic.

Section 2 presents the model, Section 3 explains the calibration and describes the mo-
deling of a pandemic, Section 4 discusses the effects of different fiscal policies in the model,
Section 5 estimates multipliers for the different components of the CARES Act of 2020, and

Section 6 concludes with an extensive discussion of the caveats of the present analysis.

2 Model

Time is discrete and infinite. There are two types of households: borrowers and savers.
Financial intermediaries use deposits raised from savers as well as their own retained earnings
to finance loans to borrowers. There are two sectors in this economy: a non-services sector

(sector n), and a services sector (sector a). Labor markets are frictional in reduced form,



and employment is demand-determined in both sectors. A Central Bank sets the interest
rate, and a fiscal authority collects taxes and can undertake different types of discretionary
interventions. The model is adapted from Faria-e-Castro (2018) and many of its elements

are standard in TANK models. For this reason, I mostly focus on what is different.

2.1 Households

There are two types of households in fixed types: borrowers in mass x and savers in mass

1—x.

2.1.1 Borrowers, Debt, and Default

There is a representative borrower family that consists of a continuum of agents i € [0, 1].
Each of these agents can be employed in the n-sector, employed in the a-sector, or unem-
ployed. Let N;' ’b, Ny * denote the mass of agents working in the n- and a-sectors, respectively,
and let 1 — N** — N/** denote the mass of unemployed agents.

To generate realistic default rates in the context of a representative agent model, I assume
that the members of the borrower household are subject to a cash-in-advance constraint and
liquidity shocks. The borrower family enters the period with a stock of debt to be repaid
equal to B? . Each member of the household is responsible for repaying an equal amount
BY | at the beginning of the period. At this point, the only available resources are labor
income, net government transfers, and a liquidity shock e,(i) ~ F¢, F“, where F¢ F" are

distributions with support in the real line.! Total cash in hand is therefore given by

1[i € N Jwr (1 — 71 + 1[i € NMwd(1 — 78 + 1[i ¢ N°, NFPJui, 4+ TP + ,(4)

where TP is an unconditional transfer from the government, and ui; is unemployment insu-
rance. Default is liquidity-based: agent ¢ compares cash-in-hand to the required repayment
B | and defaults if she does not have enough resources to repay. This allows me to define

three thresholds that determine default rates for each of the possible employment states,

T allow the distribution of liquidity shocks to differ for the employed and unemployed agents as this
allows me to jointly match replacement rates and different default rates for employed and unemployed.
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The total default rate is then given by
F} = NPPFe(ef) + NPPFE(e)) + (1= NP = N FU (ef)

After default decisions are made, the borrower household jointly takes all other relevant

decisions at the household level. The borrower solves the following program,

V(B = g;aB>g u(Cy) + BbEt‘/tl—)i-l(Bf)

tr—t

s.t.

CP+ =11 — FY) = NP wi (L — 7)) + N Pwi (1 — ) + (1 = NP* — NP ")i, + T} + QUBY

where C? is non-service consumption, the first constraint is the budget constraint, and the

second constraint is a borrowing constraint expressed in terms of a limit to total repayment.

2.1.2 Savers

Savers also supply labor to both sectors. They save in government bonds and bank depo-
sits, and own all firms and banks in this economy. Additionally, they derive utility from

consumption in the services sector, Cy'. They solve the following problem,

Ca 1—0,
VD Bl = mas (@) + oS 4 gm0, BY)
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where pf is the price of a-sector goods in terms of the numeraire (final n-goods), D; is bank
deposits, BY is government debt, and TI; is the inflation rate in terms of non-service goods.
P, is total profits from firms and banks, which are taxed at some flat rate 7%. I assume that
deposits are safe, and so they pay the same return as government bonds. 7} is a lump-sum

tax paid to the government. It is useful to define the stochastic discount factor (SDF) of

u'(Cn)
u'(C)ee

Finally, oy is a shock to the utility derived from the consumption of services. This shock

savers as

Ay = pro L

plays an important role in what follows. Demand for services is given by

1 1/0a
Ct = |logy———
' { tp?U’(Cf)]

2.2 Financial Intermediaries

Financial intermediaries are based on a version of Gertler and Karadi (2011). There is a
continuum of intermediaries indexed by j that take deposits from savers and originate loans
to borrowers. Intermediation is subject to two important frictions: first, there is a market
leverage constraint that imposes that the value of the intermediary’s assets not exceed a
multiple of its market value. Second, the intermediary must pay a fraction 1 — 6 of its

earnings as dividends every period. The intermediary problem is
VADA() B ) = |, max (1= 0)m(d) + i Vi (Di(3). BYG))

s.t.
QI B (j) = 0m(j) + QeDy(j)
RQYBL(j) < Eehiy VEL(Di(4), BY(5))

By, (j) . Dy 1(j)
1L 1L

m(j) = (1= F))

The value of the intermediary is equal to dividends paid today, a fraction 1 — 6 of its
earnings, plus the continuation value. The first constraint is a balance sheet constraint:
assets must be financed with either retained earnings or deposits. The second constraint
is a market leverage constraint: bank assets cannot exceed a multiple 1/k of ex-dividend
bank value. Finally, the third constraint is the law of motion for earnings: the bank earns
revenues for non-defaulted loans and must pay out previously borrowed deposits.

It is possible to show that the value function is homogeneous of degree one in earnings,



thus allowing for aggregation. That is, letting m; be the relevant state variable, we can show
that Vi*(m(5)) = ®:07(j), and that ®; is the same for all banks. Define aggregate retained

earnings as

By_1(j)  Dia(y)
I, I,

Etzelu—Ff) ]+w
where w is a small (gross) equity injection from savers. Then, we can work with a represen-
tative bank that has retained earnings equal to Ej.
The first-order condition for lending takes the form
Ag 1— FP 1
E, =1 (1 -0+ 600 — =
=000 [ = =

t+1

where p; is the Lagrange multiplier on the leverage constraint, and ﬁi—i(l —040P,1) = Qg
is the bank’s SDF. When the constraint binds y; > 0, this generates excess returns on lending
over and above what would be warranted by pure credit risk. The constraint will typically
bind when the bank is undercapitalized, i.e. when its value is low. Binding constraints allow
the bank to recapitalize itself by generating a positive wedge between the cost of borrowing
1/Q; and the return on lending (1 — F?,)/Q?. This means that when banks are in bad
shape, they tend to lend less and at higher interest rates.

2.3 Production

There are two sectors in this economy: non-services and services.

2.3.1 Non-Services Sector

The n-sector is the largest sector in this economy, and n-sector final goods work as the nume-
raire. This sector operates like the single sector in a standard New Keynesian model. Goods
in the n-sector are produced by a continuum of producers that operate under monopolistic

competition and are subject to costs of adjusting their prices. The final-goods aggregator

1 =1
K:Ummﬂ
0

Firms in the n-sector operate a linear technology that produces variety [ using labor,

for n-sector intermediates is

Y;t(l) = AtNtn(l)



where A; is an aggregate TFP shock. They sell their good at price P;(l) and face adjustment
costs a la Rotemberg (1982),

2
n P (1)
dlP(), P 1(D)] =Yz | ———= —1
P )] = Y | 570
where 1 measures the degree of nominal rigidity and II is steady state inflation (indexing).
From the aggregator, each producer faces a demand curve given by Y;(l) = [Pi(l)/ P, Yy,
where P, is the price level for n-sector goods. Standard derivations and imposing a symmetric

equilibrium in price-setting yield a New-Keynesian Phillips Curve

Yipr Iy (i e—1 wy' IL; (11
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where 7= is the real marginal cost. Aggregate production in this sector is

Y = AN[1 = d(I1,)]
where d(I1;) is resource costs from price adjustment.

2.3.2 Services Sector

The services sector is smaller and operates differently. There is a continuum of firms indexed
by k. At the beginning of the period, each firm observes the aggregate state and draws an
idiosyncratic cost shock ¢ ~ H € [0, 00). It may choose to exit or operate and produce. If it
exits, it receives a payoff of zero. If it operates, it hires one unit of labor and produces one

unit of services output. Its value is
V;a(At) = p?At — w? —+ ];awg + EtA?J,-l /maX{O, V;f(-ll—l(At‘H) — C}dH(C)

It is possible to show that there exists a threshold ¢(A;) such that a firm decides to operate
if its cost is below this threshold, and exit otherwise. This threshold is ¢ (A;) = V*(A).
Every period, firms that exit are replaced by an equal mass of entrants so that the total
number of firms is constant and equal to 1. Entrants cannot produce in the first period, but

do not draw a shock either. The mass of active firms is therefore given by

Hi = Hlei(A)]



Since each firm hires one worker, this will also be total demand for labor in this sector. Total

output from this sector is therefore given by
Y = AHY

2.3.3 Labor Markets
Since there is no disutility of work, I assume that both savers and borrowers supply as much
labor as firms demand. I assume reduced-form rules for wages in each sector,

wp = " AN}

w = EA(NY)©

where ", £ are sector-specific constants. Wages comove with labor productivity A;, and
also respond to a measure of market tightness in each sector. Similar wage rules could be
derived from more complicated models that make labor market frictions explicit (Christiano
et al., 2016; McKay and Reis, 2016). I assume that labor is rationed in equal proportion
among savers and borrowers so that

NEo N2 = N

Ny = NP = NP

2.4 Fiscal and Monetary Policy
2.4.1 Central Bank

The Central Bank (CB) follows a standard Taylor Rule subject to an explicit zero lower

bound,
1 (Ht)d)r[(p? )% (GDPt)¢GDP
— =max<{ 1, | = — —
Q¢ 11 P4 GDP

I allow the CB to respond to fluctuations in inflation in the n (numeraire) sector and in the

services sector. GDP is defined as

GDP, =Y + p}Y,



2.4.2 Fiscal Authority

The fiscal authority has outflows related to non-service consumption G, unemployment
insurance ui;, and debt repayments By ,/TI;. Its inflows are labor income/payroll taxes
THwINE +wN}), capital income/profit taxes 75P;, debt issuance B, and lump-sum taxes
T;. Additionally, the fiscal authority can engage in a variety of other types of spending. Net
spending of other types is denoted N;. The government budget constraint is

il

B
G, +

b= NP = NP) NG = (i NE N+ TP+ BY 4 T
t

Lump-sum taxes adjust to ensure government solvency in the long-run. The adjustment rule
is standard (Leeper et al., 2010),

Bg br
T, = [ E—l} —1
B9
and ¢, controls the speed of adjustment. A low value means that current spending is mostly

deficit-financed.

Discretionary Fiscal Policy I assume that the fiscal authority has access to an additional
set of instruments. Given their extraordinary nature, these interventions will be treated as
one-time shocks that are completely unexpected, but once deployed their paths are perfectly
anticipated. These components of N; are: (i) unconditional transfers to all agents in the
economy, T7, and (ii) transfers to service-sector firms that are proportional to their wages,
Tfwg. Thus,

Ny = T) + Towi Hy

Additionally, I assume that the government can also conduct one-time changes to existing

fiscal instruments: (i) an increase in non-service consumption Gy, (ii) an increase in unem-

ployment insurance transfers ui;, and (iii) a reduction in the income tax 7.

2.5 Resource Constraints

The resource constraint for non-service goods is

XCP + (1= X)C; + Gy + Ve (A)] = AN — d(T1)]
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where U[¢,(Ay)] = fOE(At) cdH (c) is total operating costs paid by non-exiting service sector

firms, expressed in terms of non-service goods. The resource constraint for service goods is
a __ a
(1 —=x)C} = AH,;

A full list of equilibrium conditions is in Appendix A.

3 Numerical Experiment

3.1 Model Calibration

The model steady state is calibrated to the US economy in the eve of the coronavirus pan-
demic. The calibration is summarized in Table 1.

In terms of functional forms, the utility of non-service consumption is isoelastic, u(C') =

leo
l—0 °

o¢ o" which are calibrated to match total average charge-off rates and default rates for

The distributions of liquidity shocks F'¢, F'* are gaussian with mean zero and variances

unemployed households. The distribution of cost shocks for service sector firms is assumed

to be log-normal with mean 1 and variance oy.
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Parameter Description Value  Target
Saver Parameters

5° Discount factor saver 0.9951  Annualized real interest rate of 2%
o Elasticity of intertemporal substitution 1 Standard/log utility
«@ Utility of services 3.234 Implied by other parameters
Oq EIS for services 1
Borrower Parameters
AP Borrower discount factor 0.9453  Constrained at steady state
r Borrowing constraint 0.1769  Payment to income ratio of 30%
X Fraction of borrowers 0.50 Faria-e-Castro (2018)
o° SD of liquidity shock, employed 0.2083  Default rate of 8%, yearly
ot SD of liquidity shock, unemployed 0.1546  Default rate of 40%, yearly
Production/Labor Market Parameters
€ Elasticity of subst. sector n 4 25% markup in SS
n Rotemberg menu cost 35.47 =~ Calvo parameter of 0.75
10} Labor in a-sector 0.45 BLS: % of employment in contact-intensive industries
N Employment at SS 0.925 SS unemployment rate of 7.5%
¢ Sector elasticity of wage to employment 0.05
p*/w® a-sector markup at SS 1.01
Ok Variance of a-sector shock 4.2153  Employment in the a-sector
Banking Parameters
0 Retained earnings 0.90 Net payouts of 3.5% (Baron, Forthcoming)
K Leverage constraint 0.10 Leverage of money center banks
w Transfer to new banks 0.0004  Annual lending spread of 1%
Policy Parameters
11 Trend inflation 1.02°% 2% for the U.S.
on Taylor rule: Inflation sector n 1.5 Standard
ba Taylor rule: Inflation sector a 0.0
3% Taylor rule: Output 0.5/4  Standard
G Govt Consumption of n-goods 0.2 x Y™ Standard
By Govt debt at SS 0.9 x Y™ US, 2019
o Fiscal rule parameter 0.25
ui Unemployment insurance 0.5 xw
Tt Labor income tax rate 15% Avg for the US
Tk Tax rate on profits 27% Implied by other parameters

Table 1: Summary of the calibration.

3.2 What is a Pandemic in a DSGE model?

The main purpose of this paper is to study the dynamic response of the economy to different
types of fiscal policy instruments during a pandemic event. It is not obvious, in principle,
how to model a pandemic in an otherwise standard DSGE model. It seems to be widely
accepted that a highly contagious pandemic results in a reduction in economic activity as
households start isolating themselves from others. This leads to a sharp reduction in activity
in sectors of the economy that are contact-intensive, such as hospitality and leisure, as well
as certain types of retail (brick and mortar) and transportation (air travel).

Arguments can be made for a negative shock to the marginal utility of consumption /
discount factor, or a positive shock to the disutility of labor (Baas and Shamsfakhr, 2017).

Neither of these is ideal in isolation, for different reasons. A shock to the marginal utility

12



of consumption leads to a fall in aggregate demand that results in unemployment in this
model. But this could be easily counteracted with an increase in non-service government
consumption, for example. In practice, it is very unlikely that any type of stimulus based
on government consumption can restore activity in, say, leisure. A shock to the marginal
disutility of labor, on the other hand, generates counterfactual implications in terms of
wages and potentially welfare. A more sophisticated approach is taken by Eichenbaum et al.
(2020), who embed an epidemiology model in a real business cycle framework. In their
model, agents can become infected by “meeting” other infected agents while purchasing
consumption goods or working. For this reason, the outbreak of an epidemic results in a
contraction of consumption and hours worked.

Since I want to be able to preserve some tractability so as to be able to talk about different
types of stabilization policies, I decide to model a pandemic as a shock to the marginal utility
of one particular sector in the economy. For technical reasons, I assume that only savers
are subject to this type of shock. A sufficiently large shock to «; leads to a large drop in
employment in this sector. This affects mostly borrowers, who are constrained and have a
very high marginal propensity to consume. As their income falls due to loss of employment,
default rates rise. This constrains banks, which in turn demand higher interest rates on
their lending. These two effects contribute to a decline in non-service consumption, which
in turn triggers a fall in inflation and a fall in the demand for non-service labor. The central
bank responds to these shocks by lowering interest rates. This helps banks by lowering their
cost of funding, but eventually interest rates are constrained by the zero lower bound. If
the shock is sufficiently severe, the economy hits the zero lower bound (ZLB) and a large

recession can ensue.

3.3 Size and duration of the pandemic

To calibrate the intensity and duration of the shock, I adopt a pessimistic approach. The size
of the shock is chosen so that the unemployment rate rises to 20%, following the worst-case
scenario put forward by Treasury Secretary Mnuchin to Members of Congress on March 17,
2020.2 This can be achieved with a drop in o, of 60%. I assume that the shock lasts for
three quarters: from 2020Q2 through 2020Q4. Finally, I assume that there is an equal shock
in each quarter, as it is highly unlikely that people will start using services again as long as
the pandemic is active, but that the shock has no persistence. Once the pandemic is gone,
saver utility from consuming services returns to normal.

Throughout, I assume that the pandemic is an exogenous shock. That is, I take the

2Source: https://blogs.wsj.com/economics/2020/03/18/newsletter-the-layoffs—are-starting/
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intensity and duration of the pandemic as given; I do not explicitly model government
investment in healthcare and mitigation or how it could potentially reduce both of these
characteristics, that is outside the scope of this exercise. I also abstract from mortality and

how it could affect the size of the labor force.?

3.4 Pandemic Experiment

Figure 1 plots the response of selected variables to the a; shock. The path of the shock is
plotted in the first panel. The shock causes a 40% drop in employment in the services sector
(4th panel). The loss of these jobs affects borrowers, whose consumption falls by almost
10%. This drop in non-service consumption also leads to a drop in employment in the other
sector, of about 6%. Combined, these drops in employment lead to a 20% contraction in
GDP that lasts for the full three quarters. The 6th panel shows that this recession pushes
the economy to the zero lower bound for the entire period. The bottom two panels show that
the loss in employment leads to a doubling of (quarterly) default rates. This in turn affects
the financial sector, and lending spreads rise. This further amplifies the drop in borrower
consumption and rise in defaults. One thing to note is that while deep, the crisis is not very
persistent. This is to be expected due to several reasons. First and foremost, the shock is
assumed not to be persistent. Second, for simplicity, there are no slow-moving state variables
on the production side of the economy (such as physical capital). The recession could be
made more persistent by either adding capital (an additional state variable), or by imposing

frictions/barriers to entry in the service sector.*

3Barro et al. (2020) use data from the 1918-1920 Great Influenza Epidemic to estimate mortality rates of
2%.

4A version of the model with limited entry is presented in Appendix B. While the dynamics are different,
the main results are unchanged.
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Figure 1: Response to a 60% negative shock to «; that lasts for 3 quarters and has
persistence.

4 Fiscal Policy Response to the Pandemic
I consider, separately, the effects of deploying the following instruments:

1. Increase in government consumption in sector n, Gy

2. Labor income tax cut, 7}
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3. Increase in unemployment insurance, ui;
4. Unconditional transfers to all agents, T}
5. Transfers to service sector firms, T}

In all cases, I consider a one-time impulse with zero persistence for each instrument. The
impulse arrives at the beginning of 2020Q2, as the pandemic starts. This is a very rough and
simplistic exercise, but the point is to try to isolate the different effects of these policies. A
richer analysis would consider policy packages consisting of multiple instruments, and more
persistent policies. That is work in progress.

The model responses are nonlinear and computed with perfect foresight. This means that
shocks are completely unanticipated, but once they hit, their path is perfectly anticipated.

I choose the impulses so that the resulting deficits are somewhat comparable, of similar
magnitudes. I focus on packages that involve a quarterly increase in the deficit on impact of
$200 billion, or roughly 3.7% of quarterly GDP. The size and intensity of the interventions
certainly matter since the model features nonlinearities such as the zero lower bound. A
deeper exploration into the ideal size of each impulse is left for further research. At the end
of this section, I present tables with present-value fiscal multipliers, which partly account for
differing sizes of the interventions.

Next, I describe in more detail the effects of these policies. Many of them generate similar
effects from a qualitative perspective. The quantitative effects are different, however. For
a summary of the quantitative effects, feel free to skip to the next section where I compare

measures of fiscal multipliers.

4.1 The Effects of Different Policies

Government Consumption of Non-Services This is comparable to the traditional
increase in GGy in one-sector New Keynesian models. I assume that it is not feasible for the
government to purchase services directly: this would be roughly equivalent to a transfer to
those firms, which is considered separately.

Figure 2 plots the effects of this policy on selected variables. The blue line corresponds
to the crisis absent intervention (as in Figure 1), while the orange line includes the interven-
tion. The key effect of the policy is seen in the 5th panel: a large increase in government
consumption helps sustain employment in the non-service sector. This, in turn, somewhat
moderates the drop in borrower consumption and in GDP. Finally, the fact that employment
does not fall by as much also helps contain default rates and, via the banking system, credit

spreads.
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Figure 2: Response to a ~$200 bn increase in Gy, government consumption of non-service
goods.

Labor Income Tax Cuts To achieve a total deficit of the same size, the intervention
consists of a one-time tax cut of 50%, i.e. the tax rate is cut by half. The effects of the
income tax cut look relatively similar, in Figure 3, with the main exception being that they
do not stimulate labor in the non-service sector as much as the more targeted policy of
government consumption. Tax cuts still help sustain borrower income, which in turn results
in a slightly lower drop in GDP and a decrease in default rates. One important thing to notice

is that this model may underestimate the effectiveness of tax cuts: due to the assumption of
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labor market rationing, there are no direct benefits from removing labor market distortions.
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Figure 3: Response to a ~$200 bn income tax cut.

Unemployment Insurance Next, we consider a one-time increase in unemployment in-
surance payments. To achieve a $200 bn intervention, the unemployment insurance transfer
per agent is raised by 75%. The effects are noticeably larger on borrower consumption, as
seen in Figure 4, which is now sustained on impact. This is somewhat predictable: income
tax cuts benefit agents who remain employed, at a time when a large fraction of agents be-

comes unemployed. With unemployment insurance, it’s the opposite: it helps unemployed
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agents at a time when a large fraction of agents becomes unemployed. The rise in borrower

consumption helps sustain demand in the non-service sector, as seen in the fifth panel. This,

in turn, results in a roughly 2.5% gain in GDP. Also note that while the intervention happens

only in one quarter, the effects are relatively persistent. This has to do with the fact that

borrowing costs remain low, as this increase in unemployment insurance considerably lowers

default rates (as unemployed agents tend to have higher default rates than employed ones),

and this results in an implicit recapitalization of the banking system.
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Unconditional Transfers Figure 5 plots the effect of a transfer that is given to everyone
in this economy, including savers. The effects are similar to those of the payroll tax cut,

which is not surprising as the incidence is effectively the same.
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Figure 5: Response to a ~$200 bn unconditional transfer.

Liquidity Assistance to Service Firms Figure 6 shows the effects of a per-wage subsidy
to firms in the service sector. Unlike other interventions, this one is able to reduce the
decline in service employment for one period. The general equilibrium effects are reflected in

borrower consumption and labor in the no-service sector. This experiment is not totally fair
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to this policy, to the extent that this is the only policy that explicitly targets the a-sector
but does so for only one period, while agents expect the negative demand shock to last for an
extra two periods. The remaining two periods without assistance affect the value of service
firms, V;(A;), which does not rise by as much as it would should the assistance last for the

duration of the pandemic.
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Figure 6: Response to a ~$200 bn transfer to service firms.
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4.2 Fiscal Multipliers

While the sizes of the interventions are calibrated to be of around $200 bn, or 3.7% of
quarterly GDP, there are dynamic and general equilibrium effects that influence the path
of government expenditure and revenue and that differ across instruments. One common
way to control for these effects along with the size of the intervention, is to compute present
value discounted multipliers as in Mountford and Uhlig (2009) or Ramey (2011). For a given

outcome variable of interest x, the multiplier is computed as

T t -1 Stimulus No Stimulus
Zt:l Hj:l Rj (xt — T )

Iy [T, B;" (Spending;"™""* — Spending,’® 5%

MT(w)

The multiplier is computed for a given instrument w € {Gy, 7!, ui;, TP, T} and at a given
horizon T'. Since the effects of shocks are not very persistent in this model, I set T" equal to
20 quarters. Since the discount rate R; differs across the economies with policy and with no
policy, it is not obvious which one to use. I use the interest rate in the no-policy economy

so as to keep the comparison between different tools as fair as possible.

Instrument Description Mag(w), Income  Mag(w), Cf  Mag(w), C§ Myg(w), GDP
G Govt. Consumption 0.3439 0.3413 -0.0000 1.1705
7t Income Tax 1.2570 1.2520 -0.0000 0.6259
S Ul 1.4953 1.4821 0.0001 0.7410
T? Uncond. Transfer 1.1720 1.1741 0.0002 0.5872
T Liquidity Assist. 0.4223 0.4193 -0.0000 0.2099

Table 2: Fiscal multipliers.

Table 2 compares multipliers for income net of government transfers, borrower consump-
tion, saver consumption of non-service goods, and GDP. Income net of transfers is defined
as

Income; = (1 — ) (W' N + wN") + (1 — N — N*)ui, + T

Largest income multipliers are generated by Ul. Income tax cuts and unconditional trans-
fers are also effective, but generate lower multipliers as they are less well-targeted to agents
with lower incomes. UI is, furthermore, very well targeted in terms of its timing, as this
transfer arrives precisely at a time when unemployment surges. Multipliers on borrower
consumption are very similar to those of income, which is to be expected since borrowers are
constrained and therefore have a high marginal propensity to consume out of their current

income. Any differences reflect changes in the cost of credit from banks.
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Multipliers on saver consumption are very low. Savers react relatively little to fiscal
policy as they are unconstrained. Savers are “Ricardian” in the sense that they purchase
public debt and pay lump-sum taxes and, therefore react to changes in the present value of
government liabilities. Note however that the GE effects are strong enough to offset the usual
fall in consumption for savers. Naturally, they react more positively to the unconditional
transfer and more negatively to the increase in unemployment insurance, which is the closest
instrument to a targeted transfer to borrowers in this environment.

GDP multipliers are reported in the last column. As argued before, it is not clear that
adopting measures that stabilize GDP is appropriate in this situation. Still, I report the
multipliers for completeness. he measure that yields the largest GDP multiplier is govern-
ment consumption. It is well known that it is “hard to beat” government consumption in
this class of models (Oh and Reis, 2012), especially in the absence of very strong links bet-
ween the balance sheets of households and the financial system. Income tax cuts, increases
in unemployment insurance and unconditional transfers all deliver somewhat similar results.
UI performs the best as it is the most well-targeted, while unconditional transfers perform
the worst of those three as it is the least well-targeted. Liquidity assistance to firms seems

to be the worst-performing policy, subject to the caveats pointed out in the next subsection.

4.3 Dissecting the Effect on Borrower Income

The change on borrower income, on impact, is shown in Figure 7. This Figure confirms that
UI increases have the largest effect. Note that in this picture (and in subsequent pictures),
we are comparing % changes for a given impulse, and not adjusting for dollars spent as in
the previous paragraphs. Transfers generate better results than income tax cuts. It all boils

down to how well targeted a policy is.
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Policy Impact on Total Income

18 T

% Change on Impact

Figure 7: % change on income due to policy, on impact.

Figures 8 and 8 help us understand how well/poorly targeted each type of policy is,
by decomposing the effect of each policy on prices and quantities (on impact). Figure 8
plots net income per worker in each sector (n, a, or unemployed), across policies. It shows,
for example, that income tax cuts raise incomes for employed workers exclusively, while
UI raises incomes for unemployed workers almost exclusively. Transfers and government
consumption of non-services operate via traditional aggregate demand effects, thus raising
demand for n-sector goods and therefore earnings in this sector, but having no effect in
other types of workers. Finally, liquidity assistance to a-sector firms helps sustain wages
in this sector somewhat. Figure 9 plots absolute changes in number of workers in each
sector, in the baseline economy with no policy (blue bar) and in the economy with the policy
impulse (yellow bar).® While there are minor variations across policies, the overall pattern
is the same across policies: the shock leads to a large reduction in sector a employment,
a moderate reduction in sector n employment and large increase in unemployment. These
two figures combined show very clearly why UI is the superior policy to stabilize household

income, as they target the category of households that increases the most due to the shock.

®Absolute changes are easier to compare since the steady state/initial distribution across sectors is very
uneven, with relatively few unemployed agents.
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Net Income per Worker
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Figure 8: % change on net income per worker due to policy, across sectors. Note that each
panel has a different scale.
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Mass of Workers
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Figure 9: Total change in workers, across sectors.

4.4 Liquidity Assistance Programs

Liquidity assistance policies to the services sector yield relatively low multipliers compared
to transfer-based programs. There are two reasons for this. First, it may be that a $ 200 bn
dollar program is simply not generous enough, and the wage subsidy is not large enough to
keep a sufficient number of firms alive and workers hired. To investigate whether this is the

case, I consider a larger and longer program where the government fully subsidizes wages
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in the services sector for the full duration of the pandemic shock (3 quarters). That is, the
government sets 7" = 1 regardless of the total cost of the program. The effects of this policy
are shown in 10: under this policy, the government is able to completely offset any changes
in services employment as well as in borrower consumption, even generating a small boom
in the non-services sector. This small boom is not sufficient to offset the drop in the relative
price of services that in turn causes a large drop in GDP, as to be expected.

This policy is, however, extremely expensive. Contrary to the baseline case, where public
debt would increase by 15% at its peak, this new intervention now involves an increase in
public debt of almost 50%. In fact, the multipliers are even smaller: 0.2056 for income, and
0.2051 for borrower consumption.® This brings us to the second reason why the multipliers
are low: this policy is currently treated as a pure cash grant to services firms. While this type
of policy is currently being discussed by the US Congress, many other countries have opted
instead for opening credit lines that would allow these firms to borrow from the government.
The fact that the fiscal authority could recoup (at least part) of its cost with the policy is
likely to raise the value of the multipliers. On the other hand, this could also reduce the
stimulating effects of the policy, as firms internalize that the government intervention comes
in the form of a liability. For this reason, it is not clear whether considering credit lines
would raise or lower the multipliers for this policy.” If the objective is, however, to preserve

services-sector employment, then a large liquidity assistance program is a very effective

policy.

6The multiplier on saver consumption is 0.0002, the multiplier on GDP is 0.1235.
"See Faria-e-Castro (2018) for a discussion on how to compute fiscal multipliers for government credit
facilities.
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Figure 10: Response to a full wage subsidy for services firms, 7;* = 1.

5 The Effects of the CARES Act of 2020

I use the model to quantify the effects of the Coronavirus Aid, Relief, and Economic Security
(CARES) Act of 2020 — the $2 trillion package that is to be considered by the House on

March 27, 2020. As of the time of this writing, the main components of the bill are:

1. $423 billion (2% of GDP) in small business loans, payroll subsidies, and relief for

affected industries (7))
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2. $250 billion (1.2% of GDP) in payments to individuals in the form of rebates to tax-
payers (T7)

3. $250 billion (1.2% of GDP) in expanded unemployment insurance (ui;)

4. $490 billion (2.3% of GDP) in state fiscal aid and federal spending across departments
and programs (G)

The bill does not explicitly include direct tax cuts, even though it does include tax relief
measures such as the delaying of filing dates. For that reason, I do not explicitly model any
7! intervention as part of this package. Excluded from the analysis are $454 billion that are
allocated as a backstop to Federal Reserve credit facilities. I jointly simulate interventions of
these sizes in the model. For liquidity assistance, unemployment insurance, and government
purchases, I assume that the spending is spread across 4 quarters (i.e., a fiscal year) starting
on the quarter of the shock (which has a duration of 3 quarters). For transfer payments, I
assume that they are a one-time shock happening on the first quarter of the shock (2020Q2).

The result for the aggregate multipliers are show in Table 3. The fiscal package has
an income multiplier of 1.16. The following rows decompose the multiplier across different
policies. These numbers are obtained by considering one policy at a time, similar to the
exercise in previous sections. Even though the interventions have different sizes and lengths,
the results from the baseline exercise are virtually unchanged, with Ul and transfer payments

providing most of the income and consumption stabilization.

Instrument  Description Myp(w), Income  My(w), CF  May(w), C§ Map(w), GDP
All Policies 1.1648 1.1574 -0.0161 1.0094
G Govt. Consumption 0.3248 0.3187 -0.0303 1.1105
S Ul 1.4874 1.4782 -0.0053 0.7303
) Uncond. Transfer 1.1726 1.1772 0.0003 0.5890
T Liquidity Assist. 0.3962 0.3949 -0.0028 0.2018

Table 3: Aggregate multipliers for the CARES Act of 2020 and decomposition.

6 Caveats and Discussion

In the context of a simple DSGE model, for an intervention of a fixed size equal to 3.7% of
GDP, the most effective tool to stabilize household income and borrower consumption in the
context of an exogenous shock that leads to the shut down of the services sector seems to be
an increase in unemployment insurance benefits. Overall, programs that involve transfers of

some kind to households seem to be effective, with Ul being the best targeted. Unconditional
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transfers are likely to be less costly in terms of implementation, may be favored by savers, and
deliver somewhat similar (weaker) results. Firm liquidity assistance programs are effective
at maintaining employment in the quarantined sector.

The analysis in this paper is very simple, takes many shortcuts, and abstracts from
many important things. Many of these caveats were already mentioned in the main analysis
but are worth repeating. First, for the sake of comparison, I consider only one-time “fiscal
impulses.” In practice, fiscal policy packages are likely to be persistent and implemented
over a certain horizon. As discussed, this is especially important for the case of liquidity
assistance to service sector firms, and potentially for unemployment insurance. Second,
these impulses are of a fixed size. In practice, size does matter and multipliers can be
nonlinear (Brinca et al., 2019). Third, I consider each policy separately, in single-instrument
packages. There can be strong complementarities and substitutabilities between policies. In
a previous paper (Faria-e-Castro, 2018), I argue that there were strong complementarities
between financial sector bailouts and transfers to households during the 2008-09 Financial
Crisis and subsequent recession. None of that is considered here. Fourth, the absence of an
endogenous labor supply decision tends to underestimate the effects of an income tax cut
and overestimate the effects of Ul, as it does not consider the efficiency gains/losses from
these policies. Fifth, the macroeconomic scenario caused by the pandemic is possibly too
extreme, with a complete shutdown of the services sector for three full quarters and a GDP
contraction of 15% per quarter. I completely abstract from the possibility that fiscal policy
can be deployed to reduce the duration and intensity of the shock caused by the pandemic.
Finally, I also abstract from the fact that stimulating economic activity may actually be
detrimental in fighting the pandemic.

There are also other important caveats that were not previously discussed. There are
implementation lags that can be made worse by attempts to better target policies. Better
targeted policies may additionally entail extra costs associated with bureaucracy. It may
sometimes be better to undertake a slightly worse policy whose implementation requires less
information and time, i.e. unconditional transfers vs. expansion of unemployment insurance
eligibility. Also, I completely abstract from other potential policies that have been part of the
debate: the role of state fiscal policy, health insurance, debt forgiveness and restructuring,
moratoria on debt (and bill) repayments, etc. For a detailed discussion of some of these
policies, see Dupor (2020).

Household-banking interactions are extremely simplified and abstract from many impor-
tant feedback effects. In particular, I abstract from endogenous collateral, which can have
a large effect on the consumption response to shocks and stimuli. As I show in previous

research, many interventions that look like transfers to borrowers serve as implicit recapita-
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lizations of the banking system and can have very strong spillovers to other sectors. For this
reason, | am likely understating the effects of this type of interventions. Finally, I abstract
from any direct intervention in the financial system. This is the main reason I abstract from
unconventional monetary policy as well as the extraordinary measures taken by the Federal
Reserve to restore confidence in financial markets. I also abstract from linkages between the
financial system and the corporate sector. These are likely to be very important, especially
at a time when corporate debt is at unprecedented levels in the US. This would be a natural

first step in terms of extending the model.
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A Full List of Equilibrium Conditions

Borrowers ()\; is the Lagrange multiplier on the borrowing constraint),
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Government and Central Bank
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B Model with Limited Entry

Instead of assuming that 1 — H} service firms enter the economy every period to replace
firms that exit, the mass of entrants is limited by some parameter ¢. This means that the
mass of service-sector firms in the economy is now a state variable, given by f;. The law of

motion for this state variable is
Je=fioHY +<

and the labor market clearing condition for this sector is now given by
N{ = fi
Finally, the resource constraint for the n-good is now given by
Co+ G+ fia¥e] =Y"

Other than this, nothing else changes in the model. Figure 11 plots the crisis path in this
alternative version of the model. Qualitatively, the main results hold, but the crisis is now
more persistent due to the presence of this new slow-moving state variable. I set ¢ = 2% to
match a business entry rate of 8% yearly. Table 4 presents the result for the fiscal multipliers

of different instruments. While the numbers are different, the same qualitative analysis holds.
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Instrument  Description Myo(w), Income  Myg(w), CF May(w), C5 My(w), GDP

G Govt. Consumption 0.3442 0.3416 -0.0000 1.1706
7l Income Tax 1.2576 1.2523 -0.0000 0.6260
S Ul 1.4973 1.4861 0.0002 0.7428
! Uncond. Transfer 1.1718 1.1705 -0.0000 0.5851
T Liquidity Assist. 0.4774 0.4744 -0.0572 0.0951

Table 4: Fiscal multipliers for model with limited entry.
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Figure 11: Pandemic crisis in the model with limited entry.
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