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Abstract

We study the role of wealth effects, i.e. the revaluation of real and financial
assets, in the monetary policy transmission mechanism. We build an analytical
heterogeneous-agents model with two main ingredients: i) rare disasters and
ii) risky household debt. The model captures time-varying risk premia and
precautionary savings in a linearized setting that nests the textbook New Key-
nesian model. Quantitatively, the model matches the empirical response of
asset prices and the heterogeneous impact on borrowers and savers. We find
that wealth effects induced by time-varying risk and household debt account
for the bulk of the output response to monetary policy. Defaultable private
debt amplifies the effects of monetary policy, but the effect decreases with its
duration. Controlling for the fiscal response to a monetary shock is crucial for
the quantitative results.
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1 Introduction

A long tradition in monetary economics emphasizes the role of wealth effects, i.e.
the revaluation of real and financial assets, in the economy’s response to changes
in monetary policy. Its importance can be traced back to both classical and Key-
nesian economists, such as Pigou, Patinkin, Metzler, and Tobin.! Keynes himself
described the effects of interest rate changes as follows:

There are not many people who will alter their way of living because the rate of in-
terest has fallen from 5 to 4 per cent, if their aggregate income is the same as before.
[...] Perhaps the most important influence, operating through changes in the rate of
interest, on the readiness to spend out of a given income, depends on the effect of these
changes on the appreciation or depreciation in the price of securities and other assets.

- John Maynard Keynes, The General Theory of Employment, Interest, and Money
(emphasis added).

There is a large empirical literature documenting the impact of monetary policy on
asset prices. Bernanke and Kuttner (2005) and Kekre and Lenel (2020) study the
effects of monetary shocks on stock prices. Gertler and Karadi (2015) and Hanson
and Stein (2015) consider the effects on bonds. Moreover, Cieslak and Vissing-
Jorgensen (2020) shows that policymakers track the behavior of stock markets be-
cause of their impact on households’ consumption, while Chodorow-Reich et al.
(2021) establish the importance of this channel empirically.

Despite the evidence, relatively little work has been done to theoretically study
the role of asset price fluctuations on the monetary transmission mechanism. An
important reason for this is that incorporating these channels represents a chal-
lenge to standard monetary models. A robust finding of the empirical literature
is that changes in asset prices can be explained mainly by fluctuations in future
excess returns, related to changes in the risk premia, rather than changes in the
risk-free rate. However, the standard approach abstracts from risk premia and
generates counterfactual asset-pricing dynamics. Moreover, models that feature
richer asset-pricing dynamics require the use of complex global or high-order per-
turbation methods, which lack the insights of the role of the different channels of
transmission provided by analytically tractable models.

IThe revaluation of government liabilities was central to Pigou (1943) and Patinkin (1965), while
Metzler (1951) considered stocks and money. Tobin (1969) focused on how monetary policy inter-
acted with the value of real assets.



In this paper, we propose a new framework that generates rich asset-pricing
dynamics and heterogeneous portfolios while preserving the simplicity of the text-
book New Keynesian model, and study the role of wealth effects in the economy’s
response to monetary policy. The model has two main ingredients: i) rare disas-
ters and ii) household debt. Rare disasters allow us to capture both a precautionary
savings motive and realistic risk premia. Barro (2009) and Gabaix (2012) argue that
the risk of a rare disaster and, in particular, its time-varying component, can suc-
cessfully explain major asset-pricing facts.> Moreover, private debt is a significant
component of households” portfolios, representing 75% of GDP, and, as recently
shown by Cloyne et al. (2020), borrowers account for the bulk of the response of
aggregate consumption to changes in interest rates. By incorporating private debt,
we are able to capture the role of revaluations in both gross and net asset posi-
tions. We also study the role of default risk and long maturities in household debt,
important features of most debt contracts, such as mortgages or student debt.

To capture the time-varying component of risk premia, we assume that the
probability of a disaster depends on the level of the nominal interest rate. Using
data on a panel of advanced economies since the nineteenth century, Schularick
et al. (2021) finds that contractionary monetary shocks significantly increases the
probability of a subsequent financial crisis. Based on this evidence, we provide
a new micro-foundation for the relationship between monetary policy, rare dis-
asters, and asset prices. In an extension with financial intermediaries, we show
that banks” exposure to interest rate risk makes them vulnerable to runs. A con-
tractionary monetary shock then weakens banks’ balance sheets and increases the
probability of a financial crisis, an endogenous disaster. Our assumption on the
probability of disaster enables us to capture this mechanism in our baseline model.

We consider an economy populated by two types of households, borrowers
and savers. The model captures key features of heterogeneous-agents New Keyne-
sian (HANK) models, such as precautionary savings and heterogeneous marginal
propensities to consume (MPCs), in a setting with positive private debt, a com-
bination that has been elusive in the analytical HANK literature. Despite being
stylized, the model captures quantitatively central features of the monetary trans-

mission mechanism, including important asset-pricing moments such as the term

ZRare disasters have been widely used to explain a range of asset-pricing “puzzles”; see Tsai
and Wachter (2015) for a review.



premium, the equity premium, and corporate spreads, as well as the differential
responses of borrowers and savers to monetary shocks observed in the data. Given
this success, we use the model to quantitatively assess the importance of the chan-
nels through which monetary policy affects households” consumption. We find
that time-varying risk and private debt jointly account for more than 80% of the ini-
tial response of aggregate consumption to a monetary shock. These results reveal
the importance of accounting for risk and portfolio heterogeneity to understand
the economy’s response to monetary policy.

Our solution method allows us to obtain time-varying risk premia in a lin-
earized setting and provide a complete analytical characterization of the chan-
nels involved. The method consists on perturbing the economy around a station-
ary equilibrium with positive aggregate risk instead of adopting the more common
approach of approximating around a non-stochastic steady state. By perturbing
around the stochastic stationary equilibrium, we are able to obtain time variation
in precautionary motives and risk premia using a first-order approximation, while
the standard approach would require a third-order approximation (see e.g. An-
dreasen 2012). Moreover, by linearizing around an economy with zero monetary
risk, we are able to solve for the stochastic stationary equilibrium in closed form,
avoiding the need to compute the risky steady state numerically, as in Coeurdacier
et al. (2011). This hybrid approach allows us to capture the effect of aggregate risk
on asset prices in a linearized model.

The first result states that output satisfies an aggregate Euler equation, where its
sensitivity to interest rates depends on the disaster risk and the level of private
debt. With zero private liquidity and disaster probability, our economy features
a discounted Euler equation, where output is less sensitive to future interest rate
changes due to a precautionary motive, as in the incomplete-markets model of
McKay et al. (2017). The presence of private debt acts in the opposite direction,
as it pushes the economy towards compounding. We find that the second effect
dominates in our calibration, so the aggregate Euler equation features compound-
ing, even though, at the micro level, the savers” Euler equation always features
discounting.

We turn next to the channels through which monetary policy affects the econ-
omy. We show that equilibrium output can be characterized as the sum of four

terms: an intertemporal-substitution effect (ISE); a time-varying risk effect; an inside



wealth effect, i.e. the change in valuation of assets in zero net supply; and an outside
wealth effect, i.e. changes in the valuation of assets in positive net supply.®

The ISE corresponds to the output response that operates through changes in
the timing of output but not its overall (present value) level. While this channel
is quantitatively important in the textbook New Keynesian model, we find that it
has a marginal impact in the presence of heterogeneous agents and risk, consis-
tent with the findings in Kaplan et al. (2018). Most of the output response can be
explained by time-varying risk and wealth effects.

The time-varying risk effect captures the change in the households’ precaution-
ary motives due to changes in the probability of a disaster. When the probability
of disaster is constant, the model is able to capture important unconditional asset-
pricing moments, such as the level of the equity premium and an upward-sloping
yield curve, but it fails to generate the observed response of risk premia to mon-
etary shocks. This failure has significant real consequences, as aggregate risk has
then only a minor impact on the response of output and inflation. With time-
varying disaster risk, the model is able to simultaneously match how long-term
bonds, corporate spreads, and equities respond to monetary shocks in the data,
and the impact on output increases almost threefold. This highlights the impor-
tance of matching the empirical response of asset prices to properly assess the role
of risk in determining how monetary policy affects the economy.

The inside wealth effect captures the aggregate implications of the differential
response of borrowers and savers to changes in interest payments.* An increase in
nominal interest rates creates a positive wealth effect on savers, as they receive a
higher income from private lending, and a corresponding loss to borrowers. Given
the higher MPC for borrowers, this generates a negative aggregate response of
output on impact. We also show that allowing for time-varying default risk in
household debt substantially amplifies the effect of monetary policy, but this effect
gets attenuated when debt has a high duration.

Finally, the outside wealth effect is the sum of the change in wealth for all
households. This includes the change in the value of stocks, government bonds,

3The notion of inside/outside wealth is reminiscent of inside/outside money as used by Gurley
and Shaw (1960), and, more recently, inside/outside liquidity by Holmstrom and Tirole (2011).

“Note that previous analytical HANK models focused on either heterogeneous MPC but no
private debt, as in Bilbiie (2018), or positive private debt and no heterogeneity in MPCs, as in
Acharya and Dogra (2020).



and human wealth, net of the impact of discount rates on the present discounted
value of consumption. An important result of our analysis is that the outside
wealth effect is tightly connected to the response of fiscal policy to monetary shocks.
In particular, we show that the outside wealth effect is proportional to the revalua-
tion of public debt and the fiscal backing, that is, the change in taxes and transfers,
in response to monetary shocks. Intuitively, in a closed economy, the government
is the only trading counterpart to the household sector as a whole, so the outside
wealth effect can be inferred from the impact of monetary policy on government
finances. More importantly, this result implies that we can use standard estimation
techniques to identify the fiscal response to a monetary shock and discipline the
ability of the model to generate quantitatively meaningful wealth effects.

We find that when constrained to match the estimated fiscal response, the stan-
dard RANK model generates a substantially weaker output response to monetary
shocks than when fiscal backing is determined by a standard Taylor rule that re-
stricts monetary shocks to follow an AR(1) process. Equivalently, the standard Tay-
lor equilibrium requires a (passive) fiscal response that is counterfactually large.
Our results can be made consistent with a Taylor equilibrium by allowing a more
general specification of the monetary shock. We can then use both monetary and
tiscal data to discipline the parameters of the interest rate rule. In this context, the
presence of heterogeneity and risk becomes particularly relevant, as these forces
can compensate for the missing fiscal response.

To quantify the importance of the channels present in the model, we decompose
the response of output by sequentially adding time-varying risk and private debt
to the standard RANK model. We find that time-varying risk accounts for more
than 50% of the output response, while private debt accounts for roughly 20%, and
the interaction between the two accounts for 10%.

Literature review. Wealth effects have a long tradition in monetary economics.
Pigou (1943) relied on a wealth effect to argue that full employment could be
reached even in a liquidity trap. Kalecki (1944) argued that these effects apply
only to government liabilities, as inside assets cancel out in the aggregate, while

5See Caramp (2021) for the role of fiscal policy in the monetary transmission mechanism.
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Tobin highlighted the role of private assets and high-MPC borrowers.® Recently,
wealth effects have regained relevance. In an influential paper, Kaplan et al. (2018)
build a quantitative HANK model and find only a minor role for the standard
intertemporal-substitution channel, leading the way to a more important role for
wealth effects. Much of the literature has focused on the role of heterogeneous
marginal propensities to consume (MPCs) in settings with idiosyncratic income
risk. Instead, our focus is on aggregate risk and private debt.

Our work is closely related to two strands of literature. First, it relates to the
analytical HANK literature, such as Werning (2015), Debortoli and Gali (2017),
and Bilbiie (2018). While this literature focuses primarily on how the cyclicality
of income interacts with differences in MPCs, we focus instead on how heteroge-
neous asset positions interact with differences in MPCs. We see these two channels
as mostly complementary: even though Cloyne et al. (2020) does not find signifi-
cant differences in income sensitivity across borrowers and savers, Patterson (2019)
tinds a positive covariance between MPCs and the sensitivity of earnings to GDP
across different demographic groups, suggesting that the income-sensitivity chan-
nel is operative for a different cut of the data. We share with Eggertsson and Krug-
man (2012) and Benigno et al. (2020) the emphasis on private debt, but they abstract
from a precautionary motive and focus instead on the implications of deleverag-
ing. Iacoviello (2005) also considers a monetary economy with private debt but
focuses instead on the role of housing as collateral. Our work is also related to Au-
clert (2019), which studies the redistribution channel of monetary policy arising
from portfolio heterogeneity. Our paper emphasizes the redistribution channel in
the context of a general equilibrium setting with aggregate risk.

The paper is also closely related to work on how monetary policy affects the
economy through changes in asset prices, including models with sticky prices,
such as Caballero and Simsek (2020), and models with financial frictions, such
as Brunnermeier and Sannikov (2016) and Drechsler et al. (2018). In recent con-
tributions, Kekre and Lenel (2020) consider the role of the marginal propensity to
take risk in determining the risk premium and shaping the response of the econ-

6Tobin (1982) describes the role of inside assets: “The gross amount of these ‘inside” assets was
and is orders of magnitude larger than the net amount of the base. Aggregation would not matter
if we could be sure that the marginal propensities to spend from wealth were the same for creditors
and debtors. But if the spending propensity were systematically greater for debtors, even by a
small amount, the Pigou effect would be swamped by this Fisher effect.”
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omy to monetary policy, and Campbell et al. (2020) use a habit model to study
the role of monetary policy in determining bond and equity premia. Our model
highlights instead the role of heterogeneous MPCs, positive private liquidity, and
disaster risk in an analytical framework that preserves the tractability of standard
New Keynesian models.

Finally, a recent literature studies rare disasters and business cycles. Gabaix
(2011) and Gourio (2012) consider a real business cycle model with rare disasters,
while Andreasen (2012) and Isoré and Szczerbowicz (2017) allow for sticky prices.
They focus on the effect of changes in disaster probability while we study mone-

tary shocks in an analytical HANK model with rare disasters.

2 An Analytical Rare Disasters HANK Model

In this section, we consider an analytical HANK model with two main ingredients:
the possibility of rare disasters and positive private liquidity. First, we describe the
non-linear model and later consider a log-linear approximation around a stochastic

stationary equilibrium.

2.1 The Model

Environment. Time is continuous and denoted by t € IR. The economy is popu-
lated by households, firms, and a government. There are two types of households,
borrowers and savers, who differ in their discount rates. A mass 0 < y; < 1 of
households are borrowers and a mass ys = 1 — y; are savers. Households can
borrow or lend at a riskless rate, but they are subject to a borrowing constraint.
Firms can produce final or intermediate goods. Final-goods producers operate
competitively and combine intermediate goods using a CES aggregator with elas-
ticity € > 1. Intermediate-goods producers use labor as their only input and face
Rotemberg pricing adjustment costs.” Intermediate-goods producers are subject
to an aggregate productivity shock: with Poisson intensity A; > 0, they receive
a shock that permanently reduces their productivity. This shock is meant to cap-
ture the possibility of rare disasters: low-probability, large drops in productivity

"Rotemberg adjustment costs simplify the derivations, but they are not essential for our results.
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and output, as in the work of Barro (2006, 2009). We say that periods that pre-
date the realization of the shock are in the no-disaster state, and periods that follow
the shock are in the disaster state. The disaster state is absorbing, and there are no
further shocks after the disaster is realized. Assuming an absorbing disaster state
simplifies the presentation, but it can be easily relaxed, as shown in Appendix C.2.8

The government sets fiscal policy, comprising a sales tax on intermediate-goods
producers and transfers to borrowers and savers, and monetary policy, specified
by an interest rate rule subject to a sequence of monetary shocks. We assume that
the government issues long-term nominal bonds that pay exponentially decaying
coupons, where the coupon in period t is given by e~ ¥Lf. The rate of decay yp is
inversely related to the bond’s duration, where a perpetuity corresponds to ¢;, = 0
and the limit )y — oo corresponds to the case of short-term bonds. We denote by
Q¢ the nominal price of the bond in the no-disaster state and by Qz,t the price of
the bond in the disaster state, where the star superscript is used throughout the

paper to denote variables in the disaster state.

Households” problem. Households face a portfolio problem where they choose
how much to invest in short-term and long-term bonds. In this section, we assume
that borrowers issue only short-term risk-free bonds and the government issues
only long-term bonds. We study the case of defaultable long-term household debt
in Section 5. The nominal return on the long-term bond is given by

1 Qu

_|_

Qf,t - QL,t
Ot Qus

aNG,
QL :

dRp; = — | dt +
where N; is a Poisson process with arrival rate A;.

Let B} = B].S’ T B]-L,t denote the total value of bonds (in real terms) held by a
type-j household, j € {b,s}, that is, the sum of short-term (Bﬁt) and long-term
(B].L,t) bonds. The problem of a household of type j is to choose consumption C;;,

labor supply Nj, and long-term bonds BE

;1» given an initial real value of bonds Bj;,

8 Allowing for partial recovery after a disaster, as in Barro et al. (2013) and Gourio (2012), intro-
duces dynamics in the disaster state, but it does not change the main implications for the no-disaster
state, which is our focus.



to solve the following problem:

t* 1-c N.1+4’
Vii(Bi;) = max E; / efpj(z—t) jz Tz dz & e*Pj(t**f) . (Br
» ( " ) [Cj,z,N;,z,BjL,z]zzt t l—-0c 1+¢ It ( it

subject to the flow budget constraint

L QLt QL,t

AN,
Qrt t

W ~
—tNth + H]',t + Tj,t — C]t dt + B

dB]',t = (Zt — nt)Bj,t + T’L,tBjL’t + Pt

and the borrowing constraints
Bj,t Z —Ep and BjL/t Z 0,

where p, > ps > 0, W; is the nominal wage, P is the price level, I1;; denotes

real profits from corporate holdings, Tj,t denotes government transfers, and r1 ; =

QLt + gii — Y — it is the excess return on long-term bonds conditional on no dis-

asters. The random (stopping) time t* represents the period in which the aggregate
shock hits the economy. V' V. () and B}y« denote, respectively, the value function
and the real value of bonds in the disaster state. The non-negativity constraint on
B]-L,t captures the assumption that only the government can issue long-term bonds.

We assume that Bsg > 0 and B,y = —Dp. For sufficiently large p;, borrowers
are constrained in all periods. We also assume that II,; = 0, that is, firms are
entirely owned by savers.”

The labor supply is determined by the standard condition:

Wt_ ¢ ~c
b, N]tC]/

The Euler equation for short-term bonds, if Bj; > —Dp, is given by

G\ 1 1
C_* - 7 ()

where C *t is the consumption of household j in the disaster state. The first term

Gt
Ciy

1y A

9 Alternatively, we could have assumed that households can trade shares of the firms. In a
steady state, borrowers would choose to sell their shares, and savers would entirely own the firms.

9

)|



captures the usual intertemporal-substitution force present in RANK models. The
second term captures the precautionary savings motive generated by the disaster risk,
and it is analogous to the precautionary motive that emerges in HANK models
with idiosyncratic risk.

The Euler equation for long-term bonds, if B]-L/t > 0, is given by

o
B Cor\ Qut—Qr,
=Ml T (2)
st QL,t
price of quantity of
disaster risk risk

This expression captures a risk premium on long-term bonds, which pins down
the level of long-term interest rates in equilibrium. The premium on long-term
bonds is given by the product of the price of disaster risk, the compensation for a
unit exposure to the risk factor, and the quantity of risk, the loss the asset suffers

conditional on switching to the disaster state.

Firms’ problem. Intermediate-goods producers are indexed by i € [0,1] and op-
erate in monopolistically competitive markets. Final good producers are price tak-

ers and combine intermediate goods to produce the final good. Their demand for

variety i is given by Y;; = (%) ) Y;, and the equilibrium price level is given

1
P = (Jo Pledi) ™.

Intermediate-goods producers operate the linear technology Y;; = A¢N; ;. Pro-
ductivity in the no-disaster state is given by A; = A, and productivity in the dis-
aster state is given by A; = A*, where 0 < A* < A. Intermediate-goods producers
choose the rate-of-change of prices 7t;; = Pl-,t / P; , given the initial price P; , to max-
imize the expected discounted value of real (after-tax) profits subject to Rotemberg

quadratic adjustment costs:

t*
= Piz W:Yi: ¢ 2> e
7 1_T7,Yi _77,_77-[1' dZ"‘ ip P; 4« ’ 3
/t <( ) op, A 20 Qip(Pir) |, (3)

+(P;y) = max E -—
Qz,t( z,t) t 7 Pz 7t

ﬂi,z]zzt

o\ —€ i
subject to the demand Y;; = (%) Y; and P;; = 7;4P;;, where 77; denotes the

stochastic discount factor (SDF) that is relevant to firms and Q7,(P;) denotes the

firms’ value function in the disaster state. Note that the price P;; is a state variable
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in the firms’ problem and 7;; is a control variable. The parameter ¢ controls the
magnitude of the pricing adjustment costs. We assume that these costs are rebated
to households, so they do not represent real resource costs. Moreover, as firms
are owned by savers, we assume that firms discount profits using the SDF 7; =
e PIC Y.

Combining the first-order condition and the envelope condition for problem

(3), we obtain the non-linear New Keynesian Phillips curve:

) . ; _ e W1
Tt = <lt—7ft+)\t’;77—tt) m—¢ ' (e—1) (6_1?:;—(1—@) Y, (4

assuming a symmetric initial condition P;y = Py, for all i € [0, 1].

Time-varying risk. To capture the effect of monetary policy on the market price
of risk, as documented e.g. by Gertler and Karadi (2015) and Hanson and Stein
(2015), we assume that monetary shocks affect directly the probability of disasters:
At = A(iy — ry), for a given function A(-). Importantly, we assume that A(-) is an
increasing function, such that a contractionary monetary shock raises the probabil-
ity of a disaster. This is consistent with recent evidence by Schularick et al. (2021)
on the effects of monetary policy on the probability of a financial crisis.

Motivated by this evidence, we provide a new micro-foundation for the rela-
tionship between monetary policy and asset prices, where monetary shocks en-
dogenously affect the probability of a crisis and, ultimately, the market price of
risk. In Appendix B, we extend our model to incorporate banks that borrow short-
term from savers to lend long-term to firms. Given this maturity mismatch, a con-
tractionary monetary shock weakens the balance sheet of banks. As in Gertler et al.
(2020), a weaker balance sheet makes banks more vulnerable to bank runs, so mon-
etary policy affects the probability of crises through its impact on banks” balance
sheet positions. In particular, we show that the sensitivity of A; to monetary shocks
depends on features of the economy, such as bank’s leverage, the maturity of bank
loans, and even the persistence of monetary shocks.!? Moreover, we show that the
(linearized) model with banks and endogenous disasters is essentially identical to

the model without financial intermediaries but with a sensitivity that depends on

19This implies that the sensitivity is not invariant to economic policy. This dependence does not
affect our positive analysis, but it is potentially relevant when considering normative questions.
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the financial sector’s characteristics in the stationary equilibrium. For this reason,
we describe the details of the micro-foundation in Appendix B, and here we simply

assume that A(-) depends on monetary policy.

Government. The government’s flow budget constraint in the no-disaster state
is given by
Dg, = (ir — i +rr1)De i + 2 ,u]'Tj,t — 1Y,
je{bs}

and the No-Ponzi condition lim; . Eg[#:Dg | < 0, D+ denotes the real value of
government debt and Dg g = Dg is given. We assume that government transfers
to borrowers are determined by the policy rule Tb,t — T, (Y;), where transfers de-
pend on aggregate output and the elasticity of Tj(-) determines the cyclicality of
government transfers to borrowers.

In the no-disaster state, monetary policy is determined by the policy rule
It = I'n+ Qr7e + Uy, (5)

where ¢ > 1, u; is a monetary shock, and r,, denotes the real rate when 77; = u; =
0 at all periods. We assume that in the disaster state there are no monetary shocks,
thatis, i =}, + ¢ 77} . By abstracting from the policy response after a disaster, we

isolate the impact of changes in monetary policy during “normal times.”

Market clearing. The market-clearing conditions for goods, labor, and bonds are
given by

Y, #iCu=Y, Y, wiNy=Ny, Y wBi=Dc: Y, B} =0
i€ {bs} je{bs) je(bs) je(bs)

2.2 Equilibrium dynamics

Stationary equilibrium. We define a stationary equilibrium as an equilibrium in
which all variables are constant in each aggregate state. In particular, the economy
will be in a stationary equilibrium in the absence of monetary shocks, thatis, 1y = 0
forall t > 0. Since variables are constant in each state, we drop time subscripts and

write, for instance, Cj+ = Cjand C;‘t = C]’-‘. For ease of exposition, we follow Bilbiie
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(2018) and focus on a symmetric stationary equilibrium, where T;, implements the
same consumption level for each household, and discuss the general case C;, # Cs
in the appendix.

The natural interest rate, the real rate in the stationary equilibrium, is given by

o
e [(8) )

where 0 < Cf < Cs and, with a slight abuse of notation, A = A(0) > 0 is the dis-
aster intensity when i; = r,,. The presence of a precautionary motive depresses the
natural interest rate relative to the one that would prevail in a non-stochastic econ-
omy, and the magnitude depends on the extent to which savers can self-insure.
In particular, holding everything else constant, a higher level of private debt Dp
implies a weaker precautionary motive and a higher natural interest rate.

From Equation (2), we obtain the term spread, the difference between the yield

on the long-term bond and the short-term rate,

. o Cs UQL_Qi
'L Vn—/\<c—:> Q

where iy is the yield on the long-term bond in the stationary equilibrium.!’ We
show in Appendix C.2.2 that the term spread i; — ry, is strictly positive. Thus, our
model generates an upward-sloping yield curve, where the yield on the long-term

bond exceeds the natural (short-term) rate, consistent with the data.!?

Log-linear dynamics. Following the practice in the literature on monetary pol-
icy, we focus on a log-linear approximation of the equilibrium conditions. How-
ever, instead of linearizing around the non-stochastic steady state, we linearize the
equilibrium conditions around the (stochastic) symmetric stationary equilibrium
described above. Formally, we perturb the allocation around the economy where
u = 0and A > 0, while the standard approach would perturb around the econ-

omy where u; = A; = 0. This enables us to capture the effects of (time-varying)

INote that the yield on the bond is given by i} ; = QZ} — ¢ and, in a stationary equilibrium,
the expected excess return conditional on no disaster r; equals the term spread iy — ;.

12The mechanism behind the upward-sloping yield curve is related to the lack of precautionary
savings in the disaster state. We would obtain similar results by introducing expropriation and
inflation in a disaster, as in Barro (2006).
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precautionary savings and risk premia in a linear setting.'®
Let lower-case variables denote log-deviations from the stationary equilibrium,

e.g., ¢jt =logC;;/C;and nj; = log Nj;/N;. Borrowers’” consumption is given by

o = (1 —a)(we — pr +npy) + Ty — (it — 77t — ru)dp, (6)
where 1 —a = % is the labor share in the stationary equilibrium, Tj; = Tf’t; Tf,

and dp = Dr_ Using the fact that transfers satisf Ty: = T;(Y)y;, and solving for
Y & Y ip, p\ 1Y g

the real wage, we obtain

Cot = XyYt — Xrdp(ir — 10 — ), (7)

T,(Y)+(1-a)(1+¢)(1+¢~'0) _ 1
1+(1—a)p~lo T 1+(1—a)p~lo
trols the cyclicality of income inequality and has been extensively studied by the

where x, = and x, . The coefficient x, con-
literature on analytical HANK models. We focus throughout the paper on the case
in which 0 < x, <y !, such that the consumption of both agents increases with
yt.'* The second term is not present in the commonly studied case of zero private
liquidity, dp = 0, and it captures the impact of monetary policy on the consump-
tion of constrained agents that is not directly mediated by aggregate output y;.
This term plays an important role in the analysis that follows.

Next, consider the savers” problem. Recall that we assume that the disaster
probability depends on the interest rate, Ay = A(i; — r,,). In our linearized setting,
the only relevant parameter is the semi-elasticity of the disaster probability with
respect to monetary shocks, €y = A'(0)/A(0). We focus on the case in which € >
0, with €, = 0 corresponding to a benchmark with constant probability.!> Then,

the savers’ Euler equation is given by

) 1. Cs\7 .
Csp =0 ip— 1 —1y) F A (C—i> Cs,t + Xa€r (It — 1), (8)
S

13This method differs from the procedure considered by Fernandez-Villaverde and Levintal
(2018) or Coeurdacier et al. (2011), as we linearize around a stochastic steady state of an economy
with no monetary shocks, instead of the stochastic steady state of the economy with both shocks.

4The role of Xy, including the case where x;, > y;l, was originally considered by Bilbiie (2008).

15See Appendix B for the micro-foundation of this relationship and how €, depends on deeper
structural parameters.
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where x; = %T [( %>a — 1} is a parameter capturing the strength of the precau-
tionary motive in the stationary equilibrium. Importantly, time-varying disaster
risk introduces a new precautionary savings channel for savers, which ultimately
shapes the impact of changes in nominal rates on households’ consumption.
Combining condition (7) for borrowers” consumption, equation (8) for savers’
Euler equation, and the market-clearing condition for goods, we obtain the evo-
lution of aggregate output. Proposition 1 characterizes the dynamics of aggregate

output and inflation. All proofs are provided in Appendix A.

Proposition 1 (Aggregate dynamics). The dynamics of output and inflation is described
by the conditions:

i. Aggregate Euler equation:
yr = iy — 1t — 1) + Oys + vy, )

1

where 7~ =

(A=)~ pxrdprn 5 (Q)a_ puXrdpK — Xedp (i
T—ppxy =2 Cs T—ppxy and vy = 1—ppxy (p(i

3 1— .
rn) —1t) + 17yil;de€A(lt — ).

ii. New Keynesian Phillips curve:
Tt = 7T — KYt, (10)

where p = ps+Aandk = ¢ (e —1)(1—1)(¢ +0)Y.

Condition (9) represents the aggregate Euler equation for this economy. The ag-
gregate Euler equation has three terms. The first term, the product of the (aggre-
gate) elasticity of intertemporal substitution (EIS) and the real interest rate, corre-
sponds to the one present in RANK models. The dependence of the aggregate EIS
on the cyclicality of inequality is well-known in the literature, while the result that
private liquidity may reduce ! is, to the best of our knowledge, new.°

The second term, Jy;, captures how the impact of real interest rate changes
can be compounded or discounted in equilibrium. The sign of § and, therefore,
whether the economy exhibits compounding or discounting, depends on two forces.

With disaster risk but in the absence of private debt, so that A > 0 and Ep =0,

16Tn our calibration, we obtain &~ > 0, but most of our results do not rely on this.
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we obtain 6 > 0. This corresponds to the discounted Euler equation of McKay
et al. (2017), where aggregate disaster risk plays the role of idiosyncratic income
risk. In contrast, if A = 0 but dp > 0, we get compounding, thatis, § < 0. As a
contractionary monetary shock depresses the economy and reduces inflation in all
periods, it increases the real burden of debt for borrowers, amplifying the effect of
the monetary shock. This amplification translates into a compounded response of
output to future interest rate changes. More generally, the aggregate Euler equa-
tion (9) can feature compounding or discounting. In particular, if A is sufficiently
small, we can have that savers’ consumption satisfies a discounted Euler equation
while the aggregate Euler equation features compounding.

The third term in the aggregate Euler equation, v;, captures a direct effect of
monetary policy on households that is not mediated by the intertemporal substi-
tution motive or changes in aggregate demand. First, in an economy with house-
hold debt, monetary policy directly affects borrowers” disposable income, the high-
MPC agents in this economy. Second, the time-varying component of the disaster
risk directly impacts the savers’ precautionary savings motive. Therefore, mone-
tary policy has real effects even in the absence of intertemporal-substitution forces.

Finally, Proposition 1 derives the New Keynesian Phillips curve. The linearized
Phillips curve coincides with the one obtained from models with Calvo pricing. As
in a textbook New Keynesian model, inflation is given by the present discounted
value of future output gaps, 7t; =« [~ e (s=t)y4ds. One distinction relative to the
standard formulation is that future output gaps are not discounted by the natural
rate 1, but by a higher rate p > r,. This is a consequence of the riskiness of the

tirm’s value, so the appropriate discount rate incorporates an adjustment for risk.

Asset prices. The response of asset prices to monetary policy depends crucially
on the behavior of the price of disaster risk. In its log-linear form, the price of

disaster risk is given by
Par = ch,t—i-e/\(it—rn). (11)

Note that this expression has two terms. The first term captures the change in the
effective size of the shock, represented by the drop in the savers” marginal utility
of consumption if the disaster shock is realized. The second term represents the
change in the disaster probability after a monetary shock.
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Given the price of risk, we can price any financial asset in this economy. For

example, the (linearized) price of the long-term bond in ¢ = 0 is given by

o0 [e0]
— t/: —_ t
qLo = — / e~ (PP Gy — 1, )dt — / e~ 0¥ty p ot (12)
A S O S/ N O V)
path of nominal interest rates term premium

The yield on the long-term bond, expressed as deviations from the stationary equi-
librium, is given by —leq 1,0, Wwhich can be decomposed into two terms: the path
of nominal interest rates, as in the expectations hypothesis, and a term premium,
capturing variations in the compensation for holding long-term bonds. The term
premium depends on the price of risk, p;;, and the asset-specific loading ;. Be-
cause the term premium responds to monetary shocks, the expectation hypothesis
does not hold in this economy. This is important since the term premium accounts
for the bulk of the response of long-term rates to monetary policy in the data.

The pricing condition for stocks is analogous to the one for bonds:

450 = 915 / e ! [(1 = T)ye — (1 — ) (g — py + my)] it —

7

dividends

/ e’pt [lt — T — Ty + VSPd,t] dt, (13)
0

7

-~

discount rate

where rg = A <g—§>0 QSQ;SQ; is the (conditional) equity premium in the stationary
equilibrium and Qg is the value of a claim on firms’ profits. This expression shows
that the valuation of assets responds to changes in monetary policy through two
channels: a dividend channel, capturing changes in firms’ profits, and a discount rate
channel, capturing changes in real interest rates and risk premia. Note that the risk
premia depends on the price of risk, p;;, like in the expression for the long-term
bond, but it has a loading rs rather than r, capturing the different exposure to risk
of the two assets.
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2.3 The aggregate intertemporal budget constraint

By combining the intertemporal budget constraint for all households, we obtain

the economy’s aggregate intertemporal budget constraint:

= e n
E —Cdt| = D,o+E / 1—1)Ye+ T, dt},
0 [/o — ] QroDgo + Eg { - <( )Yi t)

where C; = Z]e{b s} ]/l]C] tr Tt E]e{bs} .u] ]tr and we used thatZJG{b s} Hj [ ]t +H] t] =

(1 —7)Y;. This expression states that the present discounted value of aggregate con-
sumption has to be equal to the initial value of assets in positive net supply (i.e. gov-
ernment bonds but not private debt) plus the present discounted value of aggregate
disposable income (net of taxes and transfers).

Let Qco = o [f‘” i Ctdt} and Qyo = Eo [f“’ it ( 1-17)Y: + Tt) dt] . Note
that Qc and Qy can be interpreted as the price of clalrns to the stream of con-
sumption and disposable income, respectively. Thus, letting gc ¢ and gy o denote

the log-linear approximations around the stationary equilibrium, we have

dco = _QYC /0 e Pledt — /0 e Pt lit — 71 — 1+ rCpa ] dt,
Y o [o0] B .

qyo = —/ e P (1 —T)y; + Ty] dt — / e P iy — 7t — 1+ rypay) dt,
Qv Jo 0

Qc Qy
Note that these expressions have the same structure as the expression we derived

where 1o = A( ) Qc Q¢ and ry = A( > QY;Q*Y, and we used that C = Y.

for stocks: a first term capturing the change in “dividends,” and a second term
reflecting the change in the asset-specific discount rate, where the loading on the
price of disaster risk depends on each asset’s exposure to the disaster shock. Thus,
we get that the log-linear approximation of the aggregate intertemporal budget

constraint can be written as

/ e Pledt — Qc/ e P iy — 1 — 1y + repay] dt = deqro+
0 0

/ e P [(1 — 1)y + T dt — QY/ e P! [ir — 7T — 1u + rypas] dt.
0 0

This expression reveals an important and often overlooked property of the effect
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of changes in discount rates on households” budget constraints. Changes in the
discount rate have two effects. First, they generate a revaluation of households’
assets. When the discount rate increases, the present discounted value of income
streams (e.g. dividends, coupons, wages) decreases, implying a negative wealth
effect. However, there is also an opposing effect. A higher discount rate reduces
the cost of the consumption bundle, generating a positive wealth effect. Thus, the
overall effect depends on which one of these two forces dominates. It turns out

that the answer depends on the government’s portfolio.

Lemma 1. The net effect of changes in the discount rate on the households’ aggregate
budget constraint is given by

Qc

&/ e P iy — 7t — rn + rypay) dt — 7/ e P iy — 1t — 1y + repay) At =
0 0

Y

EG/ e P iy — 7t — 1+ rLpay) dt,

0

where dg = % is the public debt-to-GDP ratio. If government debt is short-term, i.e.
Y1 — oo, then r; = 0 and the households’ aggregate budget constraint is independent of
the price of disaster risk, pg ;.

Lemma 1 provides a novel insight on how discount rates affect the households’
aggregate wealth. Intuitively, the result reflects that, in a closed economy, the gov-
ernment is the only counterpart of the private sector as a whole. Thus, in the
aggregate, the net effect of changes in the discount rate is given by the change in
the value of the assets in positive net supply, i.e. government bonds. Using this
result, we can express the aggregate intertemporal budget constraint as

/0 e P! [y + (1 — pp)esy] dt = Qo (14)
where () denotes the outside wealth effect, and it is given by
0Oy = EGQL,O + / e Pt [(1 — T)yt + Tt +EG(lt — T — Ty + erd,t) dt. (15)
0

Note that a simple rearrangement of (14) and (15) gives the government’s intertem-

poral budget constraint. By writing it this way, we make explicit the role of the out-
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side wealth effect )y, which captures the revaluation of assets in positive net supply:
stocks, human wealth, and government bonds. This is in contrast with the effect of
the revaluation of assets in zero net supply, such as private debt, which we refer to
as the inside wealth effect. Interestingly, while the value of stocks and human wealth
also incorporate a risk premium and, therefore, are affected by changes in the price
of risk, only in the presence of long-term government bonds does the price of risk
directly affect the households” wealth. This is once again the manifestation that
only the mismatch in exposure between the household sector as a whole and the
government (in terms of both maturity and risk) matters for the determination of

the change in the value of the economy’s wealth.

3 Monetary Policy and Wealth Effects

In this section, we study how households’ balance sheets determine the impact
of monetary policy on the dynamics of the economy. The main result presents a
decomposition that identifies the contribution of the different forces of the model
to the aggregate dynamics of the economy. In particular, we isolate the role of
intertemporal substitution, precautionary savings, and wealth effects in the trans-
mission of monetary shocks. To derive this decomposition, we proceed in two
steps. First, we express the evolution of output and inflation in terms of equilib-
rium policy variables, that is, the path of nominal interest rates {i;} and the cor-
responding fiscal backing {T;}. Second, we derive an implementability result that
shows how to map the path of policy variables to the underlying monetary shock

uy in the interest rate rule (5).

3.1 The dynamic system

We can express output and inflation in terms of policy variables by solving the

system of differential equations described in Proposition 1:
; _ 51
7Tt —K 1Y Tt

0
20

+




where v; = 51 (it — rn) + v+ depends only on the path of the nominal interest rate.
The eigenvalues of the system are given by

p+3++/(o+6)2+4(5 1k — pd) o+35—+/(o+6)2+4(5 1k — pd)

w = 5 , w = 5 .

The following assumption, which we will assume holds for all subsequent anal-
ysis, guarantees that the eigenvalues are real-valued and that they have opposite

signs, thatis, w > 0 and w < 0.
Assumption 1. The following condition holds: p6 < & '«.

Assumption 1 implies that the system lacks exactly one boundary condition.
Next, we show that the missing boundary condition can be provided by an in-
tertemporal budget constraint.

From equation (14), we have that the aggregate intertemporal budget constraint
is a necessary equilibrium condition. The next lemma establishes the sufficiency of
the aggregate intertemporal budget constraint for pinning down the equilibrium.
That is, it shows that if [y, 71;]§° satisfies system (16) and the aggregate intertem-
poral budget constraint (in its log-linear form), then we can determine the value of
consumption and labor supply for each household, wages, and prices such that all

equilibrium conditions are satisfied.

Lemma 2. Suppose that, given a path for the nominal interest rate [i]5°, [y, 4] satisfy
system (16) and the aggregate intertemporal budget constraint (14). Then, [y, 7§ can
be supported as part of a competitive equilibrium.

Therefore, the equilibrium dynamics can be characterized as the solution to the

dynamic system (16), subject to the boundary condition (14).

3.2 Intertemporal substitution, risk and wealth effects

The next proposition characterizes the output response to a sequence of monetary
policy shocks for a given value of the outside wealth effect (39. We provide a
full characterization of () in Section 3.3. For ease of exposition, we focus on the
case of exponentially decaying nominal interest rates; that is, we assume iy — 1, =

e~ ¥mt(iy — ry), where ¢, determines the persistence of the path of interest rates.
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Proposition 2 (Aggregate output in D-HANK). Suppose that iy — r, = e~ ¥m!(ip —
tn). The path of aggregate output is then given by

—14 . HpXr 5 4 t
ye=o Rt X 9T Pmdpfe + (o — w)e Oy, (17)
— Hb
ISE time-varying  inside wealth effect GE multiplier x
risk outside wealth effect

where Py = p — ty + Yy, and Gy is given by

0 = L—pp (p—w)e —(o+pm)e ¥

Cl-wxy (@4 Ym) (W ) o = 1) (19

and satisfies [;° e P'jdt =0, %%) < 0.

Proposition 2 shows that output can be decomposed into four terms: an intertemporal-
substitution effect (ISE), a time-varying risk channel, a revaluation of inside assets,
and a revaluation of outside assets. Note that the first three terms have a com-
mon structure. First, there is ;, which is uniquely determined by the path of the
nominal interest rate. Figure 1 (left) shows its dynamics after a contractionary
monetary shock (we discuss the calibration in Section 4.1). After a contractionary
monetary shock, 7; decreases on impact, but it eventually increases above its long-
run level. Notably, the present value of #J; is equal to zero. This implies that in
the absence of outside wealth effects, monetary policy affects only the timing of
output, but not its present value. Moreover, as can be seen from Figure 1 (left),
7t responds more strongly to interest rate shocks in economies where inequality is
more counter-cyclical, i.e. when yx, is higher.'” Second, there is the channel specific
strengths, given by 01, x€, and %tﬁmﬁp. Figure 1 (middle) shows the dynam-
ics of each of the first three channels of transmission in (17). In our calibration, the
time-varying channel has the largest impact on output, while the ISE has a signifi-
cantly smaller effect. Finally, there is the outside wealth effect, plotted in Figure 1
(right), which is mediated by a GE multiplier that captures a general equilibrium
amplification mechanism. Next, we consider each one of the channels separately.

The first term is the ISE, which captures the equilibrium implications of the in-

tertemporal substitution channel. Similar in logic to the substitution effect in intro-

7This amplification lies at the heart of the mechanism in analytical HANK models with zero
private liquidity and no aggregate risk.
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The dynamics of §; Channel specific strength Outside Wealth Effect

Figure 1: Aggregate output decomposition in HANK

ductory microeconomics, an increase in nominal interest rates reduces consump-
tion today while it increases future consumption. In this sense, the intertemporal-
substitution channel of monetary policy operates simply by shifting demand over
time, and it is ineffective in the absence of an intertemporal-substitution motive;
that is, we obtain ¢!, = 0 in all periods if o~ = 0.

The second term captures the role of time-varying risk. Given (), time-varying
risk amplifies the response of output in a way that is similar to that of the ISE,
and the magnitude of the amplification depends crucially on the strength of the
precautionary motive, as captured by x; = 2 [(%) . 1] , and the degree of time-
varying risk, as captured by €,. Consider a contractionary monetary shock. If
€, > 0, the increase in the nominal interest rate increases the probability of a disas-
ter shock, which increases savers’ precautionary motive. Thus, aggregate demand
decreases. As the nominal interest rate reverts to its long-run level, the probabil-
ity of disaster decreases, and savers’ demand increases above its long-run target.
Thus, we have that the present discounted value of the time-varying risk term is
zero, i.e. [y e Pt xae pdt = 0.

The third term corresponds to the inside wealth effect, and it is present only in
economies with positive private debt and heterogeneous MPCs. The inside wealth
effect is analogous to the ISE and the time-varying risk in many respects, as it op-
erates by shifting demand over time, and it satisfies [y e P Pdpidt = 0. A
key distinction is that the strength of the inside wealth effect depends on the per-
sistence of the monetary shock, and it is approximately equal to zero when the
monetary shock is permanent, i, = 0.!% An important implication of this result

18The difference between ,;, and ¢, is quantitatively small. The extra term p — r,, reflects move-
ments in the precautionary motive due to consumption fluctuations in the no-disaster state. Be-
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is that the effectiveness of monetary policy depends on the persistence of mone-
tary shocks. For instance, by promising to keep interest rates low for a very long
period of time, the monetary authority increases the persistence of the shock and,
therefore, reduces the importance of inside wealth effects and the overall output
response. To understand this result, note that an increase in interest rates has a
negative impact on borrowers and a positive impact on savers. When the shock is
temporary, the impact of the change in interest rates is initially larger on borrow-
ers, as savers respond less strongly to the change in wealth to smooth consump-
tion. If the shock is permanent, however, there is no reason to smooth the shock.
In this case, the savers’ response coincides with the borrowers’ response, and the
inside wealth effect is zero. Thus, it is the variability of interest rates rather than the
average level that matters for the inside wealth effect.

The last term in expression (17) plays a crucial role, as the outside wealth effect
determines the average level of output. Holding everything else constant, the im-
pact of a wealth effect ()y on consumption would be simply pQ), as households
attempt to smooth the impact of the change in wealth over time. However, the
response of initial consumption is amplified in general equilibrium, as a positive
wealth effect generates inflation, which reduces real interest rates and shifts con-
sumption to the present. Figure 1 (right) plots the outside wealth effect. Monetary
shocks usually have a small effect on households” wealth. However, the GE mul-
tiplier can significantly amplify the effect of the change in outside wealth on the
initial level of output. In our calibration, the GE multiplier in period 0 is more than

15, amplifying the impact of the wealth effect in general equilibrium.19

Inflation. The next proposition characterizes the response of inflation to mone-
tary policy shocks in the context of our heterogeneous-agent economy.
Proposition 3 (Inflation in D-HANK). Suppose iy — r, = e~ ¥n!(iy — ry,). The path of
inflation is given by

bXr

T =0 Ay + xgea e + fl—FSBmEPﬁt + xe“ Yy, (19)
— Mp

cause the effect of the disaster is much larger than these fluctuations, the impact of these changes
in consumption on the precautionary motive is small and can be safely ignored.

Notably, the GE multiplier in period 0 is decreasing in the discounting parameter 5. This
implies that the precautionary savings motive dampens the effect of the outside wealth effect, while
positive private debt reduces the value of §, which increases the effect of the outside wealth effect.
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1—pp (et —e=¥mb)

where = 1_]4be (Q+1Pm)(w+lpm

)(io — Tn) and ﬁ'o = 0.

Inflation can be analogously decomposed into four terms. The first three terms
capture the impact of the ISE, the time-varying risk, and the inside wealth ef-
fect, while the last term captures the impact of the outside wealth effect. Because
7o = 0, the first three terms are initially zero. This implies that initial inflation
is determined entirely by the outside wealth effect, a consequence of the forward-

looking nature of the New Keynesian Phillips curve.

3.3 Outside Wealth Effects

We consider next the determination of the outside wealth effect ()yg. The outside
wealth effect depends on the path of output, inflation and the price of risk, as well

as the initial price of government bonds:

Qo =dcqLo +/0 e ! [(1 — Dy + T +dg(ir — i — ra + erd,t)} dt. (20)

But output, inflation, the price of risk and the price of the long-term bond in turn

depend on the outside wealth effect,

yr = X0 + (@0 — 6)e! Qy, = x A + ket ), (21)
Pat = Pat + Xps,0Qo, L0 = 41,0 + Xq,0¢ O, (22)

where X, xp,0 and x,, o are constants defined in the appendix, and p,;; and 4 o
collect the terms that are a function only of [i;]§°. This simultaneity reflects the fact
that spending decisions depend on the level of asset prices, as shown by (21), and
that asset prices react to the level of aggregate demand, as shown by equation (22).
By combining these expressions, we can express () in terms of policy variables,
that is, the path of nominal interest rates, i;, and the fiscal backing to the monetary

shock, T;. In particular, we can express () as follows:

Oy = (1 — GQ)QO +EGQL,O —|—/0 e Pt [Tt —|—EG(it — X7t — 1y + rijd,t)} dt,

N

aggregate demand direct effect
effect
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where €q is a constant defined in the appendix. The first term captures the impact
of aggregate demand on the valuation of stocks, bonds, and human wealth, while
the second term captures the impact of changes in monetary and fiscal variables
that are not mediated by aggregate demand. Assumption 2 guarantees that outside
wealth reacts less than one-to-one to aggregate demand.?’

Assumption 2. The parameters of the model are such that ey € (0,1).

The next proposition shows that the outside wealth effect can be expressed as
the product of a multiplier and an autonomous term, that is, a term that does not
depend directly on ().

Proposition 4. Suppose Assumption 2 holds. The outside wealth effect is then given by

1 [~ . © = .
0o = - [dGqL,o+/0 e ! [Tt +dg (it — X7t — Tn +erd,t)} dt} - (23)

Proposition 4 introduces an important relationship between the model-implied
revaluation of assets in positive net supply, ()9, and the equilibrium path of policy
variables. For example, expression (23) shows that, in the absence of any fiscal
backing (T; = 0) and government debt (dg = 0), the outside wealth effect is zero.?!
Monetary policy still affects the value of stocks and human wealth, as can be seen
in (13), but the reduction in the value of households’ assets is exactly offset by the
reduction in the value of households’ liabilities (in the form of consumption), as
discussed in Section 2.3. Under Assumption 2, the aggregate demand effect cannot
sustain a positive value of () in the absence of a direct effect of policy variables.

By incorporating fiscal data into the analysis, this relationship provides a way
to discipline the model’s economic forces. One can estimate the fiscal response to
a monetary shock in the data and introduce the estimated values into expression

(23) to obtain the model’s prediction for ()g. We follow this approach in Section 4.

20 Assumption 2 implies that either the primary surplus or the cost of servicing the debt respond
to economic activity, as captured by (), so essentially monetary policy has fiscal consequences.

2 Adding capital does not qualitatively affect this result, as wealth effects from capital owner-
ship are analogous to wealth effects from claims on profits. See Caramp (2021) for the details.

26



3.4 Implementability condition

The results in (17) and (19) express output and inflation in terms of the path of
nominal interest rates and the outside wealth effect (), while equation (23) gives
) in terms of the underlying fiscal backing T;. In combination, these results
demonstrate how the policy variables (i, T;) affect output and inflation. However,
both the nominal interest rate and the associated fiscal backing are endogenous
variables and depend on the monetary policy rule (5). The next proposition shows
how we can determine the monetary rule that implements a particular equilib-
rium path of nominal interest rates and fiscal backing by appropriately choosing

the exogenous process for the monetary shock ;.

Proposition 5 (Implementability). Let y; be given by (17) and 7ty be given by (19), for
a given path of nominal interest rates iy — ry, = e~ ¥t (ip — ry,), where Py, # —w, and the
associated fiscal backing T. Let [Et,yt, 71| denote the (bounded) solution to the system
comprising the Taylor rule (5), the aggregate Euler equation (9), and the New Keynesian
Phillips curve (10), and suppose the monetary shock u; is given by

up = de Pl (ig — ry) + e (24)

Then, there exists parameters & and 0 such that i =1y, Y, = Yy, and T = 714

Proposition 5 shows that the process for the monetary shock uniquely pins
down (i, T;), so one can equivalently express the solution either in terms of equi-
librium policy variable or in terms of the underlying process for u;. The formula-
tion in equation (24) generalizes the process for monetary shocks frequently used
in the literature, where the parameter 6 is usually set to zero. While ¢ simply scales
the shock such that the initial nominal interest rate equals a given iy, f pins down
the outside wealth effect () and the underlying fiscal backing. An important fea-
ture of specification (24) is that the path of the nominal interest rate is the same for
any value of 6, so the parameter 6 affects only ()y.??

The extra degree of freedom given by the parameter 6 will be important to
discipline the outside wealth effect empirically. If we impose 6 = 0, we obtain

22Note that the sign of the effect of a monetary shock on nominal interest rates depends on
Pm. If Py, < |w|, a contractionary shock increases nominal rates, while it reduces nominal rates if
P > |w|. Thus, the nominal interest rate do not react to a monetary shock when ¢, = |w]|.
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the standard process u; = e~ ¥mty, for some innovation ug. This assumption de-
termines a particular value of the fiscal backing that may be inconsistent with its
empirical counterpart, which implies that the outside wealth effect implied by the
model will also be counterfactual. By considering the generalized process (24),
the model will be able to simultaneously match the persistence of the equilibrium

interest rate and the corresponding fiscal backing.

4 The Quantitative Importance of Wealth Effects

In this section, we study the quantitative importance of wealth effects in the trans-
mission of monetary shocks. We calibrate the model to match key unconditional
and conditional moments, including asset-pricing dynamics and the fiscal response
to a monetary shock. We find that household heterogeneity and time-varying risk

are the predominant channels of transmission of monetary policy.

4.1 Calibration

The parameter values are chosen as follows. The discount rate of savers is cho-
sen to match a natural interest rate of r, = 1%. We assume a Frisch elasticity of
one, ¢ = 1, and set the elasticity of substitution between intermediate goods to
€ = 6, common values adopted in the literature. The fraction of borrowers is set to
1y = 30%, and the parameter dp is chosen to match a household debt-to-disposable
income ratio of 1 (consistent with the U.S. Financial Accounts). The parameter dg
is chosen to match a public debt-to-GDP ratio of 66%, and we assume a duration
of five years, consistent with the historical average for the United States. The tax
rate is set to T = 0.27 and the parameter T;(Y) is chosen such that x, = 1, which
requires countercyclical transfers to balance the procyclical wage income. A value
of xy = 1is consistent with the evidence in Cloyne et al. (2020) that the net income
of mortgagors and non-mortgagors reacts similarly to monetary shocks. The pric-
ing cost parameter ¢ is chosen such that « coincides with its corresponding value
under Calvo pricing and an average period between price adjustments of three
quarters. The half-life of the monetary shock is set to three and a half months to

roughly match what we estimate in the data, and we set ¢,; = 1.5.
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Figure 2: Estimated fiscal response to a monetary policy shock

Note: IRFs computed from a VAR identified by a recursiveness assumption, as in Christiano et al. (1999). Variables included:
real GDP per capita, CPI inflation, real consumption per capita, real investment per capita, capacity utilization, hours
worked per capita, real wages, tax revenues over GDP, government expenditures per capita, federal funds rate, 5-year
constant maturity rate and the real value of government debt per capita. We estimate a four-lag VAR using quarterly data
for the period 1962:1-2007:3. The real value of government debt and the 5-year rate are ordered last, and the fed funds rate
is ordered third to last. Gray areas are bootstrapped 95% confidence bands. See Appendix D for the details.

We calibrate the disaster risk parameters in two steps. For the stationary equi-
librium, we choose a calibration mostly based on the parameters adopted by Barro
(2009). We set A (the steady-state disaster intensity) to match an annual disaster
probability of 1.7%, and A* to match a drop in output of 1 — & = 0.39.% The
risk-aversion coefficient is set to o = 4, a value within the range of reasonable val-
ues according to Mehra and Prescott (1985), but substantially larger than o =1, a
value often adopted in macroeconomic models. Our calibration implies an equity
premium in the stationary equilibrium of 6.1%, in line with the observed equity
premium of 6.5%. Moreover, by setting o = 4 we obtain a micro EIS of c—! = 0.25,
in the ballpark of an EIS of 0.1 as recently estimated by Best et al. (2020). We discuss
the calibration of €,, which determines the elasticity of asset prices to monetary
shocks, in the next subsection.

For the policy variables, we estimate a standard VAR augmented to incorpo-
rate fiscal variables and compute empirical IRFs applying the recursiveness as-
sumption of Christiano et al. (1999). From the estimation, we obtain the path of
monetary and fiscal variables: the path of the nominal interest rate, the change in
the initial value of government bonds, and the path of fiscal transfers. We pro-
vide the details of the estimation in Appendix D. Figure 2 shows the dynamics

of fiscal variables in the estimated VAR in response to a contractionary monetary

23 As discussed in Barro (2006), it is not appropriate to calibrate A*/ A to the average magnitude
of a disaster, given that empirically the size of a disaster is stochastic. We instead calibrate A*/ A to
match E[(Cs/C¥)7] using the empirical distribution of disasters reported in Barro (2009).
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shock. Government revenues fall in response to the contractionary shock, while
government expenditures fall on impact and then turn positive, likely driven by
the automatic stabilizer mechanisms embedded in the government accounts. The
present value of interest payments increases by 69 bps and the initial value of gov-
ernment debt drops by 50 bps.?* In contrast, the present value of transfers T; drops
by 12 bps.”> Moreover, we cannot, at the 95% confidence level, reject the possibil-
ity that the present discounted value of the primary surplus does not change in
response to monetary shocks and that the increase in interest payments is entirely

compensated by the initial reaction in the value of government bonds.

4.2 Asset-pricing implications of time-varying risk

Recall that the price of the long-term government bond is given by

qro = —/ e~ OHPI Gy — 1y 4 1 pg,)dt,
0

where p;; = ocs + €x(it — rn) is the price of the disaster risk. We use this ex-
pression and calibrate €, to match the initial response of the 5-year yield on gov-
ernment bonds. Consistent with Gertler and Karadi (2015) and our own estimates
reported in Appendix D, we find that a 100 bps increase in the nominal interest
rate leads to an increase in the 5-year yield of roughly 20 bps. This procedure leads
to a calibration of €, of 2.25, which implies an annual increase in the probability
of disaster of roughly 95 bps after a 100 bps increase in the nominal interest rate.
Figure 3 shows the response of the yield on the long bond and the contributions
of the path of future interest rates and the term premium. We find that the bulk of
the reaction of the 5-year yield reflects movements in the term premium, a finding
that is consistent with the evidence.

The model is also able to capture the responses of asset prices that were not di-

24The present discounted value of interest payments is calculated as

t

Yo (%) ! ng(f Lt — ﬁt)} , where T is the truncation period, 7;; is the IRF of the 5-year
rate estimated in the data, and 7; is the IRF of inflation. We choose 7 = 60 quarters, when the
main macroeconomic variables, including government debt, are back to their pre-shock values.
Other present value calculations follow a similar logic.

BIn the data, expenditures also include the response of government consumption and invest-
ment. When run separately, however, we cannot reject the possibility that the sum of these two
components is equal to zero in response to monetary shocks.
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Figure 3: Asset-pricing response to monetary shocks with time-varying risk.

rectly targeted in the calibration. Consider first the response of the corporate spread,
the difference between the yield on a corporate bond and the yield on a govern-
ment bond (without risk of default) with the same promised cash flow. This corre-
sponds to how the GZ spread is computed in the data by Gilchrist and Zakrajsek
(2012). Let e~ ¥¥! denote the coupon paid by the corporate bond. We assume that
the monetary shock is too small to trigger a corporate default, but the corporate
bond defaults if a disaster occurs, where lenders recover the amount 1 — r in case
of default. We calibrated ¢r and {r to match a duration of 6.5 years and a credit
spread of 200 bps in the stationary equilibrium, which is consistent with the esti-
mates reported by Gilchrist and Zakrajsek (2012). Note that the calibration targets
the unconditional level of the credit spread. We evaluate the model on its ability to
generate an empirically plausible conditional response to monetary shocks.

The price of the corporate bond can be computed analogously to the computa-

tion of the long-term government bond:

(] o0 g _ *
Gro = _/ e~ TR, — ) dt _/ o~ (oY)t [A (C—i> Mpd t} dt,
0 0 & Qr 7

where Qr and Qf denote the price of the corporate bond in the stationary equi-
librium in the no-disaster and disaster states, respectively. Given the price of the
corporate bond, we can compute the corporate spread. Figure 3 shows that the
corporate spread responds to monetary shocks by 8.9 bps. We introduce the excess
bond premium (EBP) in our VAR and find an increase in the EBP of 6.5 bps and
an upper bound of the confidence interval of 10.9 bps, consistent with the model’s
prediction. Thus, even though this was not a targeted moment, time-varying risk

is able to produce quantitatively plausible movements in the corporate spread.
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Figure 4: Output in RANK and HANK.

Note: In both plots, the path of the nominal interest rate is given by iy — 1, = e~ Ymt (ip — ru), where iy — r, equals 100 bps,
and the fiscal backing corresponds to the value estimated in Section 4.1.

Another moment that is not targeted by the calibration is the response of stocks
to monetary shocks. We find a substantial response of stocks to changes in interest
rates, which is explained mostly by movements in the risk premium. In contrast to
the empirical evidence, we find a positive response of dividends to a contractionary
monetary shock. This is the result of the well-known feature of sticky-prices mod-
els that profits are strongly countercyclical. This counterfactual prediction could
be easily solved by introducing some form of wage stickiness. Despite the positive
response of dividends, the model generates a decline in stocks of 2.15% in response
to a 100 bps increase in interest rates, which is smaller than the point estimate of
Bernanke and Kuttner (2005) but is still within their confidence interval.?® Fixing
the degree of countercyclicality of profits would likely bring the response of stocks
closer to their point estimate.

4.3 Wealth effects in the monetary transmission mechanism

Figure 4 (left) presents the response of output and its components to a monetary
shock in the New Keynesian model with heterogeneous agents and time-varying
risk. We find that output reacts by —1.05% to a 100 bp increase in the nominal
interest rate, which is consistent with the empirical estimates of e.g. Miranda-
Agrippino and Ricco (2021). In terms of its components, time-varying risk (TVR)
and the outside wealth effect are the two main components determining the out-

put dynamics, representing 39% and 47% of the output response, respectively. In

26We follow standard practice in the asset-pricing literature and report the response of a levered
claim on firms’ profits, using a debt-to-equity ratio of 0.5, as in Barro (2006).
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contrast, the ISE accounts for only 6.5% of the output response, indicating that
intertemporal substitution plays only a minor role in the monetary transmission
mechanism.

These findings stand in sharp contrast to the dynamics in the absence of het-
erogeneity and time-varying risk. Figure 4 (right) plots the response of output for
different combinations of heterogeneity (y; > 0 and y;, = 0) and time-varying risk
(ex > 0 and €y = 0). By shutting down the two channels, denoted by “RANK”
in the figure, the initial response of output would be —0.14%, a more than a sev-
enfold reduction in the impact of monetary policy. There are two reasons for this
result. First, our calibration of ¢ = 4 implies an EIS that is one fourth of the stan-
dard calibration. This significantly reduces the quantitative importance of the ISE,
even if the intertemporal substitution channel represents a large fraction of the
output response in the RANK model. Second, our estimate of the fiscal response
is substantially lower than the one implied by a standard Taylor equilibrium that
imposes an AR(1) process for the monetary shock. We discuss the role of fiscal
backing and the implications for the New Keynesian model in Section 4.5 below.

Figure 4 (right) also plots the response of output when there is household het-
erogeneity but not time-varying risk (“HANK" in the figure), and the response of
output when there is time-varying risk but not household heterogeneity (“TVR-
RANK?” in the figure). We find that heterogeneity increases the response of output
by 22 bps while time-varying risk increases it by 54 bps. Notably, by combin-
ing both features, we get an increase in the response of output of 86 bps, which
is 10 bps larger than the sum of the individual effects. Thus, heterogeneity and
time-varying risk reinforce each other. In terms of the fraction of the response of
output that can be attributed to each channel, we find that 20.5% can be attributed
to household heterogeneity, 51.5% corresponds to time-varying risk, and 9.7% is
the amplification effect of heterogeneity together with time-varying risk (which is
around 50% larger than the contribution of the ISE), while the remainder repre-
sents the channels in the RANK model.

Finally, time-varying risk is essential for properly capturing the heterogeneous
response of borrowers and savers to monetary policy. Figure 5 shows that borrow-
ers are disproportionately affected by monetary shocks. However, the magnitude
of the relative response of borrowers and savers is too large in the economy with-

out time-varying risk. The drop in borrowers’ consumption is 7 times greater than
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Figure 5: Consumption of borrowers and savers with constant risk and time-
varying risk.

Note: In both plots, the path of the nominal interest rate is given by iy —r, = e~ Ymt (ip — rn), where iy — r,, equals 100 bps,
and the fiscal backing corresponds to the value estimated in Section 4.1.

the decline in savers’ consumption with a constant disaster probability, while it is 3
times greater in the economy with time-varying risk. Cloyne et al. (2020) estimate
a relative peak response of mortgagors and homeowners of roughly 3.6. There-
fore, allowing for time-varying risk is also important if we want to capture the

heterogeneous impact of monetary policy.

4.4 The limitations of the constant disaster risk model

Consider the response of asset prices to a monetary shock in an economy that fea-
tures constant disaster risk (i.e. A > 0 but €, = 0). Figure 6 (left) shows that the
yield on the long bond increases by 6.5 bps, which implies a decline of the value
of the bond of 32 bps (given a 5-year duration), less than half of the response esti-
mated by the VAR in Section 4.1. Moreover, movements in the long bond yield are
almost entirely explained by the path of nominal interest rates, while the term pre-
mium is indistinguishable from zero. This stands in sharp contrast to the evidence
reported in Gertler and Karadi (2015) and Hanson and Stein (2015). Similarly, it
can be shown that most of the response of stocks in the model is explained by
movements in interest rates instead of changes in risk premia, a finding that is
inconsistent with the evidence documented in e.g. Bernanke and Kuttner (2005).
Figure 6 (right) shows how the presence of constant disaster risk affects the re-
sponse of output to monetary shocks for the HANK and RANK economies. We
tind that risk has only a minor impact on the response of output. Aggregate risk

increases the value of the discounting parameter §, which reduces the GE multi-
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Figure 6: Long-term bond yields and output for economies with and without risk.

Note: In both plots, the path of the nominal interest rate is given by i; — 7, = e""’”f(ig — 1), where iy — 1, equals 100 bps, and
the fiscal backing corresponds to the value estimated in Section 4.1. D-HANK and D-RANK correspond to heterogeneous-
agent and representative agent economies with constant disaster risk (i.e. A > 0 and €, = 0). HANK and RANK correspond
to economies with no disaster risk (i.e. A = 0).

plier and dampens the initial impact of the monetary shock. Given that the term
premium barely moves, disaster risk plays only a small role in determining the
outside wealth effect. In contrast, the important role of heterogeneity can be seen
by comparing the response of the D-HANK and D-RANK economies.

Therefore, while introducing a constant disaster probability allows the model to
capture important unconditional asset-pricing moments, such as the (average) risk
premium or the upward-sloping yield curve, the model is unable to match key
conditional moments, in particular, the response of asset prices to monetary policy.
The limitations of the model with constant disaster probability in matching condi-
tional asset-pricing moments were recognized early on in the literature, leading to
an assessment of the implications of time-varying disaster risk, as in Gabaix (2012)
and Gourio (2012). This justifies our focus on time-varying disaster risk and how
it affects the asset-pricing response to monetary shocks and, ultimately, its impact
on real economic variables.

4.5 The role of fiscal backing and the EIS

We have found that time-varying risk and heterogeneity substantially amplify the
impact of monetary policy on the economy. To properly assess the importance of
these two channels, however, it was crucial to control for the implicit fiscal backing,
as discussed in Section 3.3.

Figure 7 illustrates this point. In the three panels, we show the impact of a
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Figure 7: Output in RANK vs D-HANK with time-varying risk.

Note: The first two panels show output in RANK (u, = A = 0) with unit EIS (¢~! = 1). In the left panel, fiscal backing is
determined by a Taylor rule, while in the middle panel fiscal backing corresponds to the value estimated in the data. The
right panel corresponds to the D-HANK economy with time-varying risk and the estimated fiscal backing.

monetary shock that leads to an increase in nominal interest rates on impact of
100 bps. In the left panel, we consider a RANK economy (¢, = A = 0) with
the standard value for the EIS (¢~! = 1) and fiscal backing implicitly determined
by a Taylor rule with a monetary shock that follows a standard AR(1) process,
corresponding to the textbook New Keynesian model. In the middle panel, we
consider the same economy but the fiscal backing is set to the value estimated
in the data, corresponding to a Taylor equilibrium with a monetary shock that
follows the more general specification from equation (24). The right panel shows
our D-HANK model with time-varying risk and the calibrated value of the EIS,
o1 =10.25.

The response of the textbook economy is only slightly smaller than that of our
D-HANK economy despite the lack of time-varying risk or heterogeneous agents.
An important reason for this is the difference in the value of the (implicit) fiscal
backing, which is almost ten times larger in the textbook economy compared with
the one we estimated in the data. When the fiscal backing is the same as in the
data, the response of output drops by almost half. The EIS also plays an important
role. Even with fiscal backing directly from the data, the response of output is
still significant, only slightly less than that in our D-RANK with time-varying risk
(see Figure 4). But this same response comes from very different channels. In the
RANK economy, the ISE accounts for roughly 40% of the output response, while
in our D-RANK the ISE accounts for less than 7% of that response.

These results suggest that the quantitative success of the RANK model is likely

the result of a counterfactually large fiscal backing in response to monetary shocks
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and a strong intertemporal-substitution channel, which compensate for missing
heterogeneous agents and risk channels. Once we discipline the fiscal backing with
data and calibrate the EIS to the estimates obtained from microdata, our model
suggests that heterogeneous agents and, in particular, time-varying risk are crucial
for generating quantitatively plausible output dynamics. However, it is impor-
tant to note that our model made several simplifications to incorporate indebted
agents and time-varying aggregate risk without sacrificing the tractability of stan-
dard macro models. A natural extension would be to incorporate these channels
into a medium-sized DSGE model to better assess the quantitative properties of

the New Keynesian model.

5 The Effect of Risk and Maturity of Household Debt

We have assumed so far that households borrow using short-term riskless debt.
In practice, however, most household debt takes the form of long-term risky debt.
In this case, the effect of monetary policy on borrowers depends on how the term
spread and credit spread, the compensation for holding interest rate and default
risk, respond to changes in the short-term interest rate. In this section, we extend
the baseline model to allow for default risk and long-term maturities on household
debt and show how these two features affect the transmission of monetary policy

shocks to the real economy.

5.1 The model with long-term risky household debt

We describe next the model with long-term risky household debt. We highlight
the main differences with the model described in Section 2 and present a detailed
description in Appendix C. Households issue long-term debt that promises to pay
exponentially decaying coupons given by e~ ¥P! at period t > 0, where p > 0.
Importantly, households cannot commit to always repay their debts. In response
to a large shock, i.e. the occurrence of a disaster, households default and lenders
receive a fraction 1 — {p of the promised coupons, where 0 < {p < 1. We assume
that fluctuations in the no-disaster state are small enough such that they do not
trigger a default. Thus, households default only in the disaster state.
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We denote the price of household debt in the no-disaster (disaster) state by Qp

(Qp ), so the nominal return on household debt is given by
1 Qpy

dRp; = | —— +
i {QP,t Qp,t

Q;/t - QP,t

AN,
Qp,t '

ot +

where ip; = i — p is the yield on the bond. In a stationary equilibrium, the
spread between the interest rate on household debt and the short-term interest

rate controlled by the central bank is given by

L (G Qp—Qp
rP_A(Ci) Qp

Note that the interest rate on household debt incorporates both a credit and a
term spread.”’” We assume that households can borrow up to Bp,t = Qp,F, which
effectively puts a limit on the face value of household debt F.?® In a log-linear ap-
proximation of the economy around a zero-inflation stationary equilibrium, bor-
rowers are constrained at all periods, and their consumption is given by

s = (1— &) (@i — pr+ 1y ) + Ty — ( (ips — ip) — m) . (25)

P
ip+¢p
Equation (25) generalizes the expression for borrowers” consumption given in Sec-
tion 2. Monetary policy affects borrowers indirectly through its effect on the yield
on household debt ip;. If we assume that debt is short-term, p — oo, and risk-
less, {p = 0, we obtain ip; = i; and the expression above boils down to equation
(6). At the other extreme, we have the case of a perpetuity, p = 0. In this case,
households simply pay the coupon every period and there is no need to issue new
debt. Therefore, they are completely insulated from movements in nominal inter-

est rates.

2 Leti y D denote the yield on a non-defaultable bond with coupons decaying at rate 1. The term
spread corresponds to if}{? — i and the credit spread to ip; — iy,?, sorp = (iNP —r,) + (ip — i}P).
28This formulation guarantees that, after an increase in nominal rates, the value of household
debt and the borrowing limit decline by the same amount. This specification of the borrowing
constraint, combined with the assumption of impatient borrowers, guarantees that borrowers are

constrained at all periods.
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The price of household debt evolves according to

Gpt = (0 +Yp)gps + it — rn +1pPa ;.

The price of the bond depends on the future path of short-term interest rates and
the risk premium. Quantitatively, the fluctuations in the risk premium are domi-
nated by the time-varying risk component, while the term ocs; gives a negligible
contribution, as shown in Figure 6. Motivated by this fact, we assume that rpoc;
is negligible in a first-order approximation, such that we can write the price of the

bond as follows?’

14 rpey
P+ Yp+ Pm

where ¢, is the decaying rate of nominal interest rates.

qrt = — (it —10), (26)

Combining the behavior of borrowers’ consumption with savers” Euler equa-
tion (8) and the Phillips curve (10), we can derive the response of aggregate output
to monetary shocks. In particular, we can extend the decomposition in Proposition

2 to the case of long-term risky debt.

Proposition 6 (Aggregate output with long-term risky debt). Suppose that iy —r, =
e ¥t (iy —ry) and rpo = O(ig — ry). The path of aggregate output is then given by

1. . upXrdp Yp(1+rpey) - wt
=0 + € + + (0 — w)e* ), . 27
Yt Ut + Xda€ay: T, pt o+ P myi fP w)e Qg (27)

ISE time-varying inside wealth effect GE multiplier x
risk outside wealth effect

J/

Proposition 6 shows that default risk and debt maturity have opposite effects

on the magnitude of the inside wealth effect. For instance, in the case of short-
Yp(14+rpey)
P+ Yp+m
is amplified relative to the case of riskless debt. The interest rate on household

term debt, the term simplifies to 1 4 rpe, > 1, so the inside wealth effect
debt now moves in response to changes in the short-term interest rate as well as
changes in the risk premium. In contrast, the inside wealth effect is dampened for
long-term bonds. In the limit case of a perpetuity, ¥p = 0, the inside wealth goes
to zero. Given that households do not issue new debt, they are not affected by the

2Formally, we assume that the parameter 7pc is of the same order as the (small) monetary shock,
rpo = O(ip — ry). Therefore, the term rpoc; is second-order in iy — r, and it can be ignored in a
first-order approximation. The solution in the absence of this assumption is available upon request.
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Figure 8: Inside wealth effect and output as a function of duration and haircut {p.

change in interest rates, which eliminates the (inside) wealth effect.

5.2 Quantitative implications

We consider next the quantitative implications of default risk and maturity on
household debt. As shown in Proposition 6, these two features have opposing
effects on the response of output to monetary policy. To assess the quantitative im-
pact of risk and maturity, we show in Figure 8 the inside wealth effect (left panel)
and aggregate output (right panel) as a function of the duration of household debt
for different values of the haircut parameter {p. Greenwald et al. (2021) estimate
the duration of mortgage debt as 5.2 years, the duration of student debt as 4.50,
and the duration of consumer debt as 1.0 year. Therefore, we focus on values of
duration up to five years in Figure 8. We consider three different values for the
haircut parameter: riskless debt ({p = 0); risky debt with a spread in the station-
ary equilibrium of roughly 4.0% with a 5-year duration ({p = 0.10); risky debt
with a spread of 5.0% with a 5-year duration ({p = 0.25).

Default risk substantially amplifies the effect of monetary policy on output
when debt is short term. The inside wealth effect is almost three times larger in
the case of {p = 0.25 compared to {p = 0.0, which corresponds to an increase in
the initial response of output of almost 25%. However, this effect is strongly at-
tenuated when household debt is long term. For even relatively small values of
duration, the inside wealth effect is smaller than in the case of short-term riskless
debt. For instance, in the case of a five-year duration, the response of output is
roughly 10% smaller than the response in the case of short-term riskless debt.

It is important to note that even though the inside wealth effect is substan-
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tially dampened with long-term debt, the presence of household debt still gener-
ates amplification through its impact on the compounding parameter J, as shown
in Proposition 1. The response of output when household debt is zero is roughly
35% smaller than in the economy with (positive) riskless debt, a much larger drop
relative to the one caused by introducing long-term bonds.

6 Conclusion

In this paper, we provide a novel unified framework to analyze the role of het-
erogeneity and risk in a tractable linearized New Keynesian model. The methods
introduced can be applied beyond the current model. For instance, they can be
applied to a full quantitative HANK model with idiosyncratic risk, extending the
results of Ahn et al. (2018) to allow for time-varying risk premia. Alternatively,
one could introduce a richer capital structure for firms and study the pass-through
of monetary policy to households and firms. These methods may enable us to
bridge the gap between the extensive existing work on heterogeneous agents and
monetary policy and the emerging literature on the role of asset prices in the trans-

mission of monetary shocks.
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Appendix: For Online Publication

A Proofs

Proof of Proposition 1. Consider first the New Keynesian Phillips curve

7:[t:<lt—7ft+/\t;7t>7'[t 6—1 (
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Linearizing the above expression, and using % = (1 —7), we obtain

:b\H

= (rn +A <g*>0> i — @ e —1)(1—1)(wr — pr).

Using the expression for w; — p;, we obtain 77; = (ps + A) 71y — ky;, where k = (p_l(e —
a
1)(1 —1)(¢ + )Y and we used that r, + A (%) = ps + A.

Consider next the generalized Euler equation. From the market-clearing condition for
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T It Top
bining this condition with the Phillips Curve and savers” Euler equatlon, and using the

goods and borrowers” consumption, we obtain cs; = (i — 71t — r,). Com-
o
factthatr, =p—A ((%*) , we obtain y; = ¢ 1(i; — 7t — r,,) + y; + v;, where the constants
71,5, and v; are defined in the proposition.
O

Proof of Lemma 1. First, note that from the intertemporal budget constraint in the stationary

equilibrium, we have % — % = dc. Next, we have

Qr  Qc 7 (Qy —Q¥) — (Qc — Q¢) TQ-Qi5 =
}’YTK rc— Y =A C* Y =A C* Q b‘l VLdG,
where Q; = and Qf = —L—. Then, 7, = A (%)U — ™5 0as P — oo,
= b S/ nnr(S)
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Proof of Lemma 2. Suppose [y, 71¢|§ satisfies system (16) and the intertemporal budget con-
straint (14) in the no-disaster state. We will show that [y;, 71¢]§° can be supported as an
equilibrium. Consider first the disaster state. The savers’ budget constraint implies T;; =

—pPsbsbs i+ All the remaining variables are equal to zero in the disaster state.

Consider now the no-disaster state. The real wage is given by w; — p; = (¢ + 0)ys.
Borrowers’ consumption is given by ¢;; = nyt — Xﬁp(it — 11y —r — n), while savers’ con-
sumption are given by cs; = 11_f ;’ny v+ B Z’X (z — 1y — 1), and the labor supply is given



by nj; = ¢~ (wr — pr) — ¢ Locj,.

By construction, the market-clearing condition for goods and labor are all satisfied. Be-
cause y; satisfies the aggregate Euler equation, the savers” Euler equation is also satisfied.
Because 71; satisfies the New Keynesian Phillips curve, the optimality condition for firms

is satisfied. Bond holdings by savers and government debt evolve according to

(1 —"y — (A —a)(we — pr + mt)
1—}[1,

(i — 71 — 1)bs 4 (rps — rr)bE + rLbsLbsL,t — Cst,

bsbs,t = rnbsbs,t + (1 — “)(wt — pt+ ns,t) + Ts,t + +

HGdG,t = HG(”n +ro)der+ T —tye + (g — 0 — 1 + 10 — T’L)HGI

L —
where by = Z—Zq Lo and dgo = dgqro. The value of ¢y, is such that the flow budget
constraint for borrowers also holds.
Aggregating the budget constraint of borrowers and savers and using the market clear-

ing condition for goods and labor, we obtain

(1 — “I/lb)bsi?s,t = Tn(]. — “I/lb)bsbs,t + Tt — Tyt + (l — Tl — I’n) [(1 — ]/lb)bs — }lbap} +
(rLe—ro+rebgy) (1 — py)bL.

Note that bsbs; = bsS bf, P+ bébét. We set bf’l ; = 0, so the market for short-term bonds clear at
all periods. It remains to show that the market for long-term bonds also clears. Subtracting

the government’s flow budget constraint from the condition above, we obtain

(1 — up)bsbsy — dod, = (ra + 1) (1 — py)bsbsy — daday),
using bsbsy = bEbl, and (1 — py)bs — ppdp = (1 — )bk = dg. Integrating this expres-
sion, we obtain (1 — yb)bsLbsL,t —dgdgy = elmtmnt [(1 — yb)bSLbsL,O — EGdG,O} = 0, where the
equality uses the market clearing condition in period 0. Therefore, the market clearing con-
dition for long-term bonds is satisfied in all periods. The only condition that remains to be
checked is the No-Ponzi condition for the government or, equivalently, the aggregate in-
tertemporal budget constraint. Because condition (14) is satisfied, the No-Ponzi condition

for the government is also satisfied. O

Proof of Propositions 2 and 3. We can write dynamic system (16) in matrix form as Z; =
AZ; + Bvy, where B = [1,0]'. Applying the spectral decomposition to matrix A, we ob-

e pu -1 == w 0
K | yTl= X K _1,and Q) = .

K

tain A = VQV 1 where V =




Decoupling the system, we obtain z; = Qz; + bv;, where z; = V-1Z,and b = V- 1B.
Solving the equation with a positive eigenvalue forward and the one with a negative

eigenvalue backward, and rotating the system back to the original coordinates, we obtain

) t
e = Vo <V21yo + V227T0) — vt / e~ @@y dz + v, VA / e(t=2)y, g7
t 0

oY) t
T = Voo (VZl]/O + szﬂo) ewt — Vo1 yi / e*w(zft)vzdz + V22V21 / e@(t"z)vzdz,
t 0

where V¥ is the (i, ) entry of matrix V1. Integrating e 'y; and using the intertemporal
budget constraint,
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V12V21 / Eiptl/tdt.
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Rearranging the above expression, we obtain

VlZ <V21y0 + V227T0) (p CU)QO + 2 ZVl Vll /0 (Eiwt - Eipt) l/tdt - V12V21 /0 Eiptl/tdt.

Output is then given by y; = 7 + (p — w)e“' )y, where 7; = —% [T ey dz +
%f pw(t—z vzdz B2 ew tfo e~ “?1,dz. Inflation is given by 71; = 7; + xe“'()y, where
iy = e~ Wz t Vv, dz + == fo w(t=2)y, dy — Kot [P em @2y dz,

If iy — rn = e ¥t (iy — rn), then i = =iy — n). This allows us to write §; = o', +

A ra T ~ ~ —1 2 A ra T A T A
Xp€AY: + Mlbicybp Yufrand & =0 1A, + Xp€ErTlt + ylbicyhp P 7tt, where Py = 0 — 1 + P, Jt =
I—py | Yu+p — ot o—w gt] L N 1—pp  x(e—e¥mt)y . _
Ty [ fmtw) (Ymt@) € T Gt pmt@) € (o —ru),and 7y = = Moy (w+41m)(w+tpm)(
1) Note that fo e P)dt = 0, and ay” = — 1:5;(1/ lpmiw < 0. Moreover, 7ty = 0.
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Proof of Proposition 4. From Propositions 2 and 3, we have y; = x9; + (W — 6)e?! )y, and
M b?(r

T = x7tr + ket Qo, where x = ¢! + xg€ex + 1 1[dep Moreover, we can rewrite the

price of disaster risk as pg; = Pas + Xp,, 06 Qo, where Par = ol T W")(y + U”hx’ E (i —

Xty —tn) +€r(ir—1y) and xp0 = 0 (%ﬁf(p —w) — %K). Finally, the price of
the long-term bond in period 0 can be written as qr0 = 4ro + x4,0Q0, Where § o =
— [ e ¥ty — 1y + 1 pgy] and Xq0 = pﬂ;ﬁ Xpa,0- Introducing these expressions

into (14), and using that fo e ptytdt = )y, we obtain

Qo= (1—xa) Qo +dcdLo +/ e ! [Tt +dg (it — xRt —ru + T’Lf’d,t)} dt,
0
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where xyqo =7+
O

Proof of Proposition 5. We divide this proof in three steps. First, we derive the condition for
local uniqueness of the solution under the policy rule (5). Second, we derive the path of
[yt, 711, i) for a given path of monetary shocks. Third, we show how to implement a given
path of nominal interest rates i; — 1, = e ¥nut(ip —r,) and a given value of )y, which maps

to a given value of fiscal backing fooo e P Tydt.

Equilibrium determinacy. First, note that we can write v;asv; = ¢! [1 + 117;5 )h(y &)(de/\] GrTt+

Mo, " 5= | 1=t -1 - _ Hoxedp _ .
1*F‘b7(y (PT(Kyt + Vt’ Where Vt - |:17Vb7(y0— + 17],LbeXd€)\ I/lt 1,],¢be ((rn P)ut + ut)‘

The dynamic system for y; and 71; can now be written as

g | _ | 0 =0 A=¢n) ||
7Tt —K 0 T}

where § = 6 + %%K and ¢, = [1 + 1;’:& ff)(de/\] ¢r. The eigenvalues of the system
p+84+/ (0+8)2+4(0—1 (1~ ) k—pd) p+8—/(0+8)2+4(0—1 (1~ )k—p5)
> .

are given by wr = > and wr =
The system has a unique bounded solution if both eigenvalues have positive real parts. A

1

+ Vt,

necessary condition for the eigenvalues to have positive real parts is

— — -1
HpXrdp HpXrdpK ( (Cs >0> 1 —poxy
40+ —"——Prxk >0 <= >—(p+96) | —/—— =1- +A | = —,
b L= Xy o pr> (o +0) (1 - P‘b?(y) P (& upXrdpK

If the condition above is violated, then the real part of wy is negative. Another necessary

condition for the eigenvalues to have positive real parts is

— oA =mpxy (C\7
1 = HpXxrdp Xa€r+ 5 Ty (Q*)
FI1— ¢ )k <o |6+ 470 x| = >1— .
(A =@n)r<p 1— ppxy G ] Pn Xd€r + 01

If this condition is violated, then the eigenvalues are real-valued and wy < 0. This estab-

lishes the necessity of the condition

T-mxy ( Cs
e (€) 1- (p +A <C5>U> 1 — oy
Xa€r + 0! ’ Cs HpXrdpK

If upxy < 1, then ¢ > 1 is sufficient to guarantee the local uniqueness of the solution.
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Solution to the dynamic system. The dynamic system for [y, 71;]5°, is given by

A A I A R
Tt —K 0 Tt 0 -

In matrix form, the system is given by Zt = AZ; + Bi;, where B = [1,0]. Applying the

p-Wr  p-wr
spectral decomposition to matrix A, we obtain A = VQrV~! where V = ; ; ] ,
~ -1 &£ wr 0
-1 _ _ . .
V= = wTEQT [ . pKwT]' and Qr = [ 0w | Decoupling the system, we obtain
K

Z, = Qrz; + by, where 2, = V-1Z, and b = V- 1B. Solving the system forward, and

rotating the system back to the original coordinates, we obtain
= —‘711\711/ e @T(E g g7 \712‘721/ e~ wr@ty 47
t t
Tty = —vall/ e_wT(Z_t)ﬁzdz — 17221721/ E_QT(Z_t)ﬁde.
t t

We rewrite the above expression as follows:

[ee] [ee]

Y= —7LT —p et g gy =L £ “r—p e‘ﬂT(Z_t)ﬁzdz
(UT — QT t CUT - (UT
Ty = —iL /Oo (e_QT(Z_t) — e_wT(Z_t)> ﬂzdz,
wr — Wr
where 7, = [ll_;i‘;ya‘l + 11_;’:;7(de€)\:| Uy — ”b’;’;fy(( — p)ur+11y). Using that uy = e~ ¥y,
we obtain
P+ ¥m 11—y VerdP "
= —— o + €\ + u
I T @r+ ) (@r + 9u) T— oy A —m )
K 1-— Vb ﬂerdP ~
T = —— o+ xg€N + Uy,
@ ) (@r ) Ty < X ")

where (W1 + ¥ ) (Wr + ¥m) = 7 x(Pr — 1) + (6 + Pu) (0 + P) > 0.

The wealth effect is given by Qg = — Gt lpm)l(% = 11_;2’ ;y (0'_1 + x4€1 + %gﬁm) up.

. . . . L ) (04m) (0+m)—0 1% .
The nominal interest rate is given by iy = r, + o oy, Note that if

Py = —w > 0, then iy — r,,, using the fact that ww = pd — Flkandw+w = p + 6. Despite

the zero interest rate, the impact on output and inflation is non-zero. In particular, the out-
side wealth effect is givenby Qg = — ——— ) ( i (01 4 xuen) + M(p — Ty — g)) uo.

(Wr—w)(wr—w) \ 1—ppxy T—=ppxy




Implementability condition. Suppose u; = de=¥"!(iy —r,) 4+ 6e“! and denote by (ir, V,, 7T;)
the value of the nominal interest rate, output, and inflation under the Taylor rule. Given the
linearity of the system, the solution will be sum of the solutions for u; = de~¥nf(iy —ry)
and up; = 0e¥!. After some algebra, we get that the nominal interest rate is given by
it—1, = e ¥ut(ip —ry), using the fact that the nominal interest rate is zero under u5;, and
G+¢m) (p+Pm)+0 " k(r—1) _ (@1 +9m)(wWrtPm)

(6+¢m) (p+m)—0 "1k (W+tpm) (Wt pm)
The outside wealth effect, Qg = [~ e *'7,dt, is given by

choosing ¢ =

1— rd 1- - ’H
0=— (io—1n) — — =
(wT + q)m)(@T + ¢m) (wr — w)(wr — w)
To implement a )y = )y, we must choose 6 = — (?TJ“""D(;:;JFP‘“") (QAR(l) —
ot (o g + 2 -, )
AR(1 1- :
), where Q) 1) _ —(wﬁ%)l@ﬁwm) 17}4’;;@ ((7 + xa€x + HAC ¢m> O(ig — ).

Given the process for u; and the values of ¢ and 6, output can be writtenasy, = o 1§, +

Xd€rT: + ’”’XM Pmlr + (W — 8)et )y, which coincides with (17), where we used p — w =

@ — 6. This result also implies that 77, = 714, as 7y = « fooo e Py, dt =« fooo e Py dt = 1.

Fiscal transfers. Given that y; and 71; are proportional to u;, we can write i; — r, — 71, =
Xrult, Pay = Xputht, and qro = Xxq,utho- Rearranging the aggregate intertemporal budget
constraint, we obtain the present discounted value of transfers: [;~ e 'y T, dt = (T —
I Ty (V)0 — A6 g, (Blio — 1) + ) — Ay (Xra + ripa) [2gre) + 2], =

Proof of Proposition 6. From the market clearing condition for goods, we obtain the con-

. 1- a = .
sumption of savers: ¢s; = — L :[)bcy yr + & ”X’pr (lplﬁpp (ipy —ip) — m) dp. Assuming exponen-

tially decaying interest rates, we can write the expression above as

1—ppxy upXrdp [IPP(l"f‘rPeA) . }
= it —1y) — 7Tt - Al
- ¢ - P+1I)P+ll)m(t ) t (A1)

The Euler equation for savers can be written as

. G\’ .
Cop = 0—1(1t — T —1)+ A <C*> Cst + xa€r(it — 7). (A.2)



Combining equations (A.1) and (A.2), and using equation (C.8), we obtain

_ , _
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We can then write the aggregate Euler equation as y; = gt (i — 71 — 1) + Oyt + vy, where

~—1 — l-m 1 _ moxedp _ g)‘f_mxrﬁp — Xedp. yr(1+rper)
vo= T=Xxytp 1_Xy.“brn' 0=A (Cs* T and v; = 1=y Tn =+ p+Pp+iPm

(o—1n+Pm)] (it —14) + f_;g;bxdq(it — r,). Therefore, output is given by
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where P, = P+ 0 — 7p. O

B Monetary Policy and Endogenous Disasters

In this appendix, we consider an extension of the model in Section 2 where the probability
of a disaster is endogenous and responds to changes in monetary policy. Building on the
work of Gertler et al. (2020), we introduce financial intermediaries which are exposed to
runs that lead to financial disentermediation and large economic losses. To avoid repeti-

tion, we describe only the main differences with respect to the baseline model.

B.1 Model

Firms’ capital structure. Firms’ pricing decision is analogous to the one described in
Section 2. Instead of being entirely equity financed, firms are now financed by a combi-
nation of equity, which is held by savers, and bank loans. Firms promise to pay an expo-
nentially decaying coupon e~ ¥t to banks at date t > 0. Firms may default on their debt.
With Poisson intensity Ar, debt is restructured and banks suffer a haircut {r on corporate
loans, where {r is drawn from a distribution Gr(-) with support [, ¢]. Default events

are aggregate shocks, as they affect all firms at the same time.!

! Alternatively, we could assume that a fraction {r of firms default on their debts in a default
event, which would deliver similar results.



The return on bank loans is given by

ks (1- 20, - Qi
Qr,t Fi QFt

ANy,

where Qr; denotes the price of corporate debt prior to default and Q},t is the price of
corporate debt (with unit face value) after a default event. Let Dr; denote the total value
of corporate loans outstanding in nominal terms and Fr; = g—ii the face value of debt.
Corporations maintain fix the face value, that is, Fry = Fr. This requires a debt repayment
in the amount Fr; — ¢rDr; = ir:Dr; every period, where ir; = QF’} — r. Firms also

issue new debt after a default event to keep the face value constant after the shock.

Banks” problem. Banks issue deposits, which pay interest rate ip;, and choose how
much to lend to corporations. Banks only pay dividends at the terminal date, which arrives
with Poisson intensity A,. Every period a mass A, of new banks are created, which start
with funds By given by savers, so the total mass of bankers is kept fixed.

The banker’s problem is given by

Vi (By) = max E; [’ZBM}

C
Bb

subject to
dBy; = [(iD,t — 71¢) By + VP,th:,t] dt + (BZ,t — By )dN:,

: o . : _ 1, O :
where T is a stopping time with arrival rate Ay, rr; = o + Q—ii — ¢r — ip denotes the
spread with respect to the deposit rate, and B, denotes the bank’s net worth after the

default event:

1— -
BZ’t = maX {Bb,t -+ Bllj,t< gP)QP't QF,t, 0} .

Qr,t

In equilibrium, banks operate leveraged (BbF/ ; > By), so there is a chance that they will not
have enough resources to fully repay depositors in a default event. In this case, which we
refer to as a bank failure, equity holders get zero, depositors suffer a loss, and the bank is
ultimately liquidated. We follow Gertler et al. (2020) and assume that the financial disin-
termediation caused by bank failures leads to real economic losses, which we capture by a

drop in firms” productivity from A to A* < A.

Bank runs. Bank failures can be caused by self-fulfilling reasons, as they create the pos-
sibility of bank runs: if depositors decide to keep funding the bank, Q},t is high enough for



banks to fully repay depositors; if depositors decide to run, then banks sell their loans at a
fire sale price Q}/t = Qf;, which could trigger losses to depositors, justifying the decision
to run. To focus on the implications of bank runs, we make the following assumptions: i)
in the absence of a run, the default event is not enough to cause banks to fail; ii) for a small
enough haircut {r, banks do not fail even if depositors decide to run; iii) banks are imme-
diately recapitalized after a default event that does not trigger a bank run. The first two
assumptions guarantee that banks fail only after large enough shocks which are followed
by a run. The third assumption allows us to abstract from the implications of small shocks
to bank net worth, focusing only on crises triggered by runs. We state the assumptions in
terms of parametric restrictions below.

Given the assumptions above, the price of a corporate loan does not change if there
is a default event but no runs, so Q}/t = Qpr, in this case. In the case of a run, banks
sell the loans at a discount, that is, we assume that Qf, = (1 —2C4)Qrt, where 0 < gy <
1 represents the fire-sale discount. Moreover, there exists a threshold (7, such that the
probability of a run is zero if (¢ < (f,;. If {r > (F,, then a run occurs depending on the
realization of a sunspot variable. We follow Gertler et al. (2020) and assume a constant
sunspot probability 0 < s < 1. The probability of a run, conditional on a default event, is
then given by (1 — Gr({};)) >, where (} , satisfies the condition

Bf, (1-81,)Q%, ~ Q B,
“bt Ft)XFt F,t - 1= 5* _ bt )
By, Qr Y14

where {, must be sufficiently small such that Cl’élt > 0. Moreover, ZF < %, so there is no
b,t
bank failure in the absence of a run. Note that the probability of a run is endogenous and
F

increasing in bank’s leverage %.
Banks’ optimality condition. The HJB equation is given by

. Vv Vv .
0 = max —(i; — ”t)Vb,t + bl + bt [(ZD,t — nt)Bh,t + rF,th,t} + Ay [Bh,t — Vb,t] +
BhF ot th

Cr Cr *
)\1:/ [Vh’ftr — Vb,t] dGF(gp) + AF%/g* [T;bet — ngtr] dGF(gp),
Sp Fit

where V)| = V1 (By (1 + Z+(0F)) — ¢ pBZf, ;) is the value function conditional on a no-run
default event, and 7;({r) represents the capital injection that happens at this period; V}, is
the value function conditional on a bank run.

Let’s guess-and-verify that the value function is given by V},; = &, By, and the value
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function conditional on a run is simply V};, = 0. The H]B equation can then be written as

) BF Cr BF
0 =maxqp;+Cpt |ips — it + T’P,tﬂ +Ap [1—Cp ‘f‘/\cgb,t/ —gFﬁ +Z:(Cr) | dGr(CF)
BE Byt g Byt
Cr Bf,
—)\Fé‘b%/é 1+Z:(Cr) _CFK dGF(CF).
Fi t

We assume that banks internalize that they are fully recapitalized in the case of default that
does not trigger a run, that is, they internalize that By ;I;({r) = ¢ FB;;/ ;- From the first-order
condition with respect to BF, we obtain rrt = 0. Note that, because losses on loans are
passed to depositors at the margin in the case of a bank failure, the spread rr; does not

incorporate the effect of losses due to bank runs. The HJB can then be written as
8ot = My [Go — 1) = 8ot Dt — it + Ape(1 = Ge(CEy))] -

Law of motion of banks’ net worth. Let B,; denote the aggregate net worth of the
banking sector and Eﬁt the aggregate holdings of bank loans. The law of motion of By is

given by
dBy; = [(ipt — 70t) Byt + Ap (Bt — Bpyt)] dt — 1By d N,

where 1; is an indicator that is equal to one in the event of a bank run and zero otherwise.

Deposit rates and savers’ behavior. For simplicity, we assume that the deposit rate is
proportional to the short-term interest rate, ip; = xpi;, where the parameter xp captures
the pass-through of the policy rate to the deposit rate. Note that the spread between the
deposit rate and the short-term interest rate responds to changes in monetary policy, as the
spread is given by ip; — iy = (kp — 1)i;.

Deposits are provided by savers, so they are ultimately the owners of corporations, as
they own bank equity and deposits that finance lending to firms. Savers’” behavior will
then be the same as in the setup of Section 2, where we assumed that savers are the sole

owners of firms.

10



B.2 Stationary equilibrium

We consider next a stationary equilibrium. The economy after a bank run coincides with

the disaster state described in Section 2, where the probability of a disaster is given by
A= )\p% (1 - Gp(ﬁ‘:)) ’

where (; = 1%@ (5—5 — gd). The interest rate on deposits is ip = xpr, and the price of

corporate debt is given by Qr = . The value of corporate loans is Ei = FrQr. The

ip+
net worth of banks in the stationary equlhbrlum is given by B, = A);—l We assume that

B, = )(bBb, 0 < xp < 1, which allow us to solve for bank’s leverage:

B, M—ip
By, AoXp

£ > 0, the fire-sale

parameter must satisfy {; < 7 W’ . To guarantee there is no bank failure in the absence of

ApXp
AB ZD

a run, the upper-bound of the support for {r must satisfy {p <

B.3 Log-linear dynamics

In the presence of monetary shocks, banks’ leverage will be time-varying and so it will
be the probability of disaster. The probability of disaster Ay = Apx(1 — Gr({f,)) and the
threshold (F ;, up to first order, are given by

kY gF(C;) S £x 1 b F
Ap= ——SE\SF) _px = (b, — b)),
where A, = &2 fr = x g b = BB gng pf = BB Combining th
= Ft = GFt O = B an bt = om 1n1ng e prev10us

. b
two equatlons, we obtain

s 8r(Gp) 1
MG TG b(b’“ Pus)

In equilibrium, BbF ; equals the real value of corporate debt 5” / P;. Therefore, banks’
Dt
. . Bb,t ’ . . .

is the nominal value of banks’ net worth. Given the assumption that corporations keep

the face value of debt fixed, we have that b,f . — byr = qrs — by, where qp; = = & éFQf i

where Dr is the nominal value of corporate debt and EZ;

S o By
leverage is given by 7> =

11



=N =N
the change in the nominal price of corporate debt and b}, = Bb”ETVBb is the change in the

b
nominal value of banks” net worth. From the pricing condition for loans, we have that

1 _ , kp(it —r
qre+dre =Kk —1u) = qrs = _M'

QrF

The law of motion of by, is given by b{j,t = (ip — Ap)by, + xp(it — rn), and the initial
=F
value by is given by b} , = %Zq F0- Integrating the law of motion of b}, and assuming that

nominal interest rates are exponentially decaying, iy —r, = e ¥nt(ip — r,), we obtain

tEIbT kp(io — 7n) e~ Ymt _ p—(Ap—ip)t
By ir + YF + Pm Ao —ip — P

bg,t — ¢~ (N—iD) KD(iO _ Tn)~

Leverage is then given by

B, kp (i — 1)
—p, = jb_l M‘F ,
qrt — Opy (Bb >1P+¢F+lpm Pt

where ¢; = ip+471+41m %E + Ari}rlpm (e_()‘b_iD)t — e_l/""t) xp(ig — 1)

The leverage of the banking sector is then given by two terms. First, a term that is
proportional to the nominal interest rate. Therefore, this term is initially positive after a
contractionary monetary shock and decays at the rate 1,,. The second term ¢; controls the
speed of convergence of leverage, which can be potentially different from the decay rate of
interest rates. These properties imply that ¢; does not affect leverage on impact or in the
long run, but it affects how fast leverage converges back to the stationary equilibrium. For
instance, if ¢; > 0 for t > 0, then leverage decays more slowly than the monetary shock
Y, and leverage decays faster if ¢; < 0.

Given the expression for leverage, we obtain the probability of a disaster

A= ex(iy—1n) + Gf({)t, (B.1)

o
S

-1
where ef =€, [(Bb — 1> wﬂ;j?#rth and

_ 8r(CF) 1 _ By KD
TG T (1 Bf) iF + $F + m (52
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A convenient special case. Expression (B.1) generalizes the expression for the disaster
probability given in Section 2, as it includes the additional term €{¢;. This term can be

positive or negative, for t > 0, depending on parameters, and it is equal to zero if

. B, B
Ay = (Pm +ip) (1 - fi) — Ypr,
By, By,

which after using % = A):’Z(fD , we obtain
b
(1= Xo)($m +ip) +ip — Prxe + VA

Ay, =
b 2

where Ay = (1= xp)(¥m + ip) +ip — Yrxr)” — 4(Ym +ip)ip. We assume that 1, is large

. —F
enough such that A, > & and %’; > 1.

In this case, the probability of a disaster simplifies to the expression given in Section 2:

}Lt = €/\(it — T’n).

In this model with endogenous disasters, we are able to pin down the determinants of
€, using expression (B.2). For instance, the probability of disaster is increasing in financial
intermediaries’ leverage in the stationary equilibrium, the fire-sale parameter {;, the pass-

through of nominal interest rates to deposits xp, and the maturity of corporate debt.

C Derivations

C.1 The non-linear model

We consider the case where household debt is risky and long-term, as in Section 5. The
case of short-term riskless debt discussed in Section 2 corresponds to a particular special

case of this more general formulation.

Households” problem. The household problem is given by

t* l-o  pNIt+¢
Vie(Bj) = ~ max [ / enpiD [ 2 2 ) gy emn Dy (B
P Cj2/Nj /B, B |21 t 1—0c 1+4¢ JENTGE S

J2 )z
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subject to the flow budget constraint

Wi I
dB]-,t = (Zt — 7'Ct)B]f + rLtB]t + TptB]t + Pt N],t + — P + T',t — Cj,t:| dt+
QLt QLt pr QPt
BL, + BY, ] dNG,
Y Quy 5 Qpy !

and the borrowing constraint and no-negativity constraint for long-term bonds

Bj; > —Dpy, Bj; >0, Bi; >0,

given the initial condition Bj; = B; > —Dp;, where Dp; = QpF is the debt limit and
Tyt = th + 8’;; — ¢ — iy is the excess return on the long-term bond of type k € {L, P},
conditional on no disasters.

The first-order conditions with respect to consumption and labor are given by

co Wit e Vi Wy
it~ 9B’ it~ 9B P

Writing the non-negativity condition on BS as BLt + B]P ¢ < Bjt, and denoting the Lagrange
multiplier on the non-negativity Constralnt on short-term and long-term non-defaultable
bonds by ‘u]% ;and u ]»L,t, respectively, we obtain the first-order condition for the two types of

long-term bonds:

an,t . a‘/]ikt QL,t - Q}i/t L S aVj,i? . a‘/]ikt QP,t - Q}g,t S
L At Uiy + U rpi = Ay + Hip
0B ™ oB QL ptnEid 0B oB Qp I

The solution is also subject to the state-constraint boundary condition?

oV;(—Dp)

. = Wi My =\ 77
5B > —(ipy — 7Tt>DP+7Nj,t+7t+T',t ,

Py P
where ip; = QE} — p.

Combining the first-order conditions for consumption and labor, we obtain the stan-
dard labor-supply condition W* = N‘P Ciy-

Abstracting from the non—negatwlty constraints, the first-order conditions for long-

2See Achdou et al. (2017) for a discussion of state-constraint boundary conditions in the context
of continuous-time savings problems with borrowing constraints.
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term bonds can be written as

Qrt — Q14 Qp,t — Qpy
Y“_At(c]) T ””—Af(cﬂ) BT

The envelope condition with respect to B;; for an unconstrained household is given by

v,
Wi av;, Eidd (ﬁ)]
Pigg — =M gp +—

Combining this expression with the first-order condition for consumption, we obtain

E,[dC; 7] . _
T]’ e —(Zt - 7Tt _p])C] tU

Expanding the expectation of the marginal utility, we obtain the Euler equation for savers

Cs,t ’
(&) 1] -

Firms” problem. Final goods are produced according to the production function Y; =
e—1

( fo Y e ) . The solution to final-good producers problem is a demand for variety i given

C . A
éj:‘f 1(1t_7Tt_Ps)+;t

by Yi; = (%)* Y;. The price level is given by P; = (fo P1 °di )

The intermediate-goods producers’ problem is given by

Qi¢(P;) = max E;

[”i,s]szt

P
Ms (1 —pybisy, _WeYis @ o e 5+ (p.
/t 17t <(1 T) PS Yl,S P A 27-[5 (])> ds+ 17t Ql,t*(Pl/t*)] 4

. 76 .
subject to Y;; = (%) Y; and P,y = m;:P;y, given P;; = P;. The first-order condition is

given by
9Qi
oP;

The change in 71; conditional on no disaster is then given by

Pi,t = QTT;t.

Qz t
JaP;

otoP, | P2

(azQi,t 02Q;;

7Ti,th‘,t> Py + —~7mi Py = @7t (C.3)
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The envelope condition with respect to P;; is given by

B P Wi P\ Y, | 0%Qir | 9*Qiy
0= ((1 G)(l T>?t +e€ A) <H> — + atGPl -+ aPlz nl,tpl,t+
aQ]t . 0Q; 0Q;;  9Qi;
op, i~ U= )5 +At;7 < aP, P, > €4

Multiplying the expression by P;; and using Equations (C.3) and (C.4), we obtain

b, W, P\ € . . ; *
0= ((1 —e)(1 —r)?t +e pt;x) (P:> Y, + @7t — (zt—m)@m,ﬁm'f;tcp(m,t—m,t)-

Rearranging the expression above, we obtain the non-linear New Keynesian Phillips curve

. . * _ e Wi 1
T = <lt—7Tt+)\t77> 7Tt—(€—1)§0 l(e’—].P:A_(l_T)> Yt,

t

where we have assumed that P;; = P; for all i € [0,1] and that 7t} = 0.

C.2 Stationary equilibrium

Introducing recurrent shocks. Suppose aggregate productivity follows dA‘ = —{dN,,
given Ag = Aand 0 < { < 1, where N is a Poisson process with arrival rate )\t = A(iy —
p; Ar).> The setting discussed in the paper corresponds to the case where A(i; — p; A) > 0
and A(iy — p; Ay) = 0 for A; < A.

C.2.1 Consumption and natural interest rate

Consumption determination in a stationary equilibrium. In a stationary equilib-
rium, all variables are independent of calendar time and depend only on aggregate pro-
ductivity Ay, so they are constant between the realization of disasters. We can then write,
for instance, consumption and output as C;; = Cj(A;) and Y; = Y(A;).

Imposing C;; = 0 in the Euler equation (C.2), we obtain the natural rate r,(A)

where we abuse notation and write A(A) instead A(0; A) in a stationary equilibrium.

3The process can be easily generalized to allow for trend growth, dA; = gAdt — {AdN;. The
expressions in the text apply to this case as well after all variables are properly detrended.
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The consumption of borrowers satisfies the condition

o

Cy(4) = [AQ—7)(1—e)] 7 C, 7 (4) +Ty(4) — 1,(4)Dp,

I

where Tj(A) represents the level of transfers as a function of productivity, and we used
the labor supply condition to solve for N}, and the fact that the real wage is given by % =
At(1 —1)(1 — €7 1).* The consumption of savers satisfies the condition

¢ 1-(1-1)1-e) #To(A) | (A
9 —
C "(A)+ p— Y(A) T + - Dp.

149
¢

C(4) = [a0 1)1 -]

Given that Y(A) = Yeq) #Cj(A), the above conditions provide a pair of functional
equations that determine C;(A).

Symmetric stationary equilibrium. In a symmetric equilibrium C;(A) = C,(A) =
Y(A),hence Y(A) = AT (1-1)(1—€1)] ™% This equilibrium requires that T, (A) sat-
isfies T(A) = [1— (1-7)(1— )] Y(4) + (ps — A(4) [(%)” —1]) Dp. More-
over, in a symmetric stationary equilibrium, the real interest rate is given by r,(A) =
ps —A(A) [(1 —{) NG 1] . These results hold for both the case of non-recurrent shocks,
where A(A) > 0and A(A*) = 0, and the case of recurrent shocks, where A(A) is indepen-
dent of productivity level A.

C.2.2 Risk premia

Equity premium. The value of the intermediate-goods firms is given by Qg ; = E; [ > %Hsds} ,

whereITl; = (1-17)Y; — %*Nt. From this expression we get the expected return on the firm:

IT; E¢[dQs 1] . (Cip) 7 = Cf Qs — Qs
dt + ~ = | (ij—7m) + A o ’ = | dt. C5h
Qs,t Qs,t (i % t Cot Qs,t (€5
——
interest rate risk premium

In a stationary equilibrium, profits are given by IT; = € '(1 — 7)Y;. Using that r,,; +

4For ease of exposition, we focus on the case of riskless household debt. The case of long-term
risky household debt can be handled analogously.
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o
At (g}i) = ps + Ay, we can write the dividend-yield as follows:

I 0s + At

- o * * 7
Qs,t Cor )" Qs I
14 A (C) =t

Suppose A; > 0 in the no-disaster state and A; = 0 in the disaster state. Then, IT; =
psQs, and I1;/ Qs ¢ can be written as

I Ps + At

_ (N
Qs ™ 14, (&) 08

where 1 —(y = YT* The (unlevered) equity premium can then be written as

(ps +A)(1—Cy)

7dt+AQSt QS,t

Qs,t Qs,t

:/\((1—gy)*‘7—1) 1-—

C t)" ’
st
using the fact that I'lf /T1; =1 — Jy.

Term spread. From the first-order condition (C.1), the excess return on the long-term
bonds satisfies

1 QLt . QLt—QLt
O co

0w TQu Yeh oL,

Let if ; denote the yield on the long-term bond, then i} ; satisfies

QU:/‘”E (erp)o-gs o 14 Qut _y 4
' t Qrt Qs '

We consider next a stationary equilibrium with non-recurrent shocks. Combining the
previous two expressions, we obtain that the term spread the difference between the long

and short interest rate, is given by if, —r, = A ( gz) QLQ 9L The price of the long-term

bond in the disaster state is given by Q7 = where i} = r}, is the yield on the long-

1
T
term bond in the disaster state. We can then express the term spread as

o _
iL = A (g) Ty £7) -
: r;;+sz+A(%§)

Note that iy > r, and the difference is decreasing in 1, so the yield increases with the

bond duration.
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Corporate bond premium. We can also price a corporate bond, which is a defautable
bond. Let Qf; denote the value of a bond that pays off coupons e~ ¥ in nominal terms
in the absence of default. We assume that monetary shocks are too small to trigger de-
fault, so there is no default in the no-disaster state, and that the bond suffers a loss 1 — {r
conditional on a disaster.

A derivation analogous to the one for government bonds shows that the yield on the

corporate bond, which is given by ir; = Q7 — ¢, can be expressed as follows in a sta-

QF QF
- rn_A(C*> Qr

The value of the corporate bond in the disaster state is given by Qf = rl*ﬁpi . In the station-

ary equilibrium, the value of the corporate bond in the no-disaster state is given by

tionary equilibrium

1+2(&) @
Yr+ps + A '

Qr =

The yield on the corporate bond is given by if; = QE} — ¢r. The corporate spread, the
difference between the yield on the corporate bond and a government bond with the same
coupons, is given by in the stationary equilibrium

g = lpF+ps+/\ B ¢F+Ps‘|‘/\

1+A<%§)UQ1’§ 1+ (& ) Qi/(1-Cr)

C.3 Log-linear dynamics
C.3.1 Consumption of borrowers and savers

Labor supply and market clearing. The labor supply condition can be written as
Wi — pr = Pnjp +0¢jt.
Log-linearizing the market-clearing conditions for consumption and labor, we obtain

Hpcor + (L —pp)ese = ye,  pynpe + (1 — pp)nse = ny,

C—Vbcb n — MoNp

where 1, and hNb . Equating both agents’ labor-supply, we obtain

nsp = nps+ ¢ o (1— ) (coe — i),
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where we used the market-clearing condition for goods to eliminate cs;. Plugging the

above expression into the market-clearing condition for labor, we obtain

= (1+¢ o)y — ¢ tocy, +¢ o yb ;ib(

The real wage is then given by

My — My

(¢+‘7)}/t+f71 e (yt — cup)-

Borrowers’ consumption. Since we assume that borrowers are sufficiently impatient,

such that the borrowing constraint is always binding, their consumption is given by
Wi ~ , —
Cop = ?th,t + Ty — (ipt — 1) Dp .

Linearizing this expression, we obtain

WN, Yp . . =
= —(w; — Ty — —ip) — dp,
Cht pC, (wi — pe+npy) + Ty (ip a (ipy —ip) — 1 | dp
where T),; = T"‘C ,and dp = c , and we used that gp; = lll; j:l;lf . Using the expression

for the real wage and labor supply, we obtain

WN, _ _ _
crs = e | (149704 ol =9 o+ (g N |+
b Hp

Pp . . )
Ty — | = ipy —ip) — 711t | dp.
bt (ZP-HIJP( pt —ip) t]dp

Solving for c;,;, and using Tj; = T;(Y)y:, we obtain

Cop = XyYt — Xr (ip iPFPI,Up (ipy —ip) — 7tt> dp,

L+(A-a)(1+¢~1)(9+0) 1
1+(1-a)p~ 1o 1+(1—a)p~lo”
obtained by imposing C, = Cs = Y, so yj, = pp, = pp,and 1 — «

where x, =

and x, = The expressions in the paper are

—_ WN
= 5

Savers’ consumption. From the borrowers’ consumption and market clearing for goods,

we obtain

dp .
Cst = Yt + (Zt — 7l — T’n). (C7)



C.3.2 Asset pricing

Price of risk. The price of risk is given by P;; = A; <g;i>‘7 . Approximating around the

stationary equilibrium, we get
Pap = 0Csp + €x(it —12).

Stocks. Rearranging and log-linearizing expression (C.5) around the stationary equilib-
rium, we obtain

isi = pasi+ == +2 (S ) By - (@ —ow— - w)fa—pre ).

Solving this equation forward, we obtain

450 = st /0 e [(1— T)yi — (1 — a)(ws — py + ny)] di—

/Oooe pt [zt—nt—rn+/\<C*> QSQ_SQS )}dt.

Long-term bonds. Rearranging expression (C.6) and log-linearizing around the sta-

tionary equilibrium, we obtain

ot = (P+1IJL)0]Lt+1t—rn+)\< *> QL_QL(cht—i-eA(t—rn))
C Qr

Solving the above equation forward, we obtain

Using that Q; ' = i + ¢, the yield on the long-term bond can then be written as

iL,O — i = (ZL —|—lIJL) /O°° —(p+yu)t |:t_1’n + A (C*) QLQ_LQL (U'Cst +€/\< 1t —T’n)>:| dt.

Household debt. The price of the household debt evolves according to

qrt = (0 +¢p)qgps +it — Tu +pPa-
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Under the assumption that rpo = O(ip — r,), we can write the price of the bond as

1 + rp€yp

m(it — ). (C.8)

qpt = (0 +Yp)qps + it — ru +rper(is — rn) = qpy = —
Corporate bonds. The linearized price of the corporate bond is given by an expression

analogous to the one for government bonds:

The yield on the corporate bond is irg — ir = —Q;lq r,0, which can be written as

iro—ir = (ir + ¢r) / e~ (ot [zt —r+A < *> QF —Qr (ocst +€ex(ir — rn))] dt,
0 C Qr
using the fact that Q;l =ir + Yr.
The corporate spread is rrg = irg — fp/o, where fp/o is the yield of a government bond

with the same coupons as the corporate bond:

TEQ = TF /0°° e_(p—HpF)t(it — i’n)dt + [(i}: + lpp)(ip — i) — (;1: + 1,[11:)(;1: — 1)]

/ e—(P+¢F)t(acS,t +ex(iy —rn))dt,
0

whereir —i = A ( c*) QF QF is the difference between the corporate bond yield and the
short-term nominal rate in the stationary equilibrium and i — i is the corresponding object

for a bond without default risk.

D Estimation of Fiscal Response to a Monetary Shock

We estimate the empirical IRFs using a VAR identified by a recursiveness assumption, as
in Christiano et al. (1999), extended to include fiscal variables. The variables included
are: real GDP per capita, CPI inflation, real consumption per capita, real investment per
capita, capacity utilization, hours worked per capita, real wages, tax revenues over GDP,
government expenditures per capita, the federal funds rate, the 5-year constant maturity
rate, and the real value of government debt per capita. We estimate a four-lag VAR using
quarterly data for the period 1962:1-2007:3. The identification assumption of the monetary
shock is as follows: the only variables that react contemporaneously to the monetary shock
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Figure D.1: Estimated IRFs.

are the federal funds rate, the 5-year rate and the value of government debt. All other

variables, including tax revenues and expenditures, react with a lag of one quarter.

Data sources. The data sources are: Nominal GDP: BEA Table 1.1.5 Line 1; Real GDP:
BEA Table 1.1.3 Line 1, Consumption Durable: BEA Table 1.1.3 Line 4; Consumption Non
Durable: BEA Table 1.1.3 Line 5; Consumption Services: BEA Table 1.1.3 Line 6; Private
Investment: BEA Table 1.1.3 Line 7; GDP Deflator: BEA Table 1.1.9 Line 1; Capacity Uti-
lization: FRED CUMENS; Hours Worked: FRED HOANBS; Nominal Hourly Compen-
sation: FRED COMPNEFB; Civilian Labor Force: FRED CNP160V; Nominal Revenues:
BEA Table 3.1 Line 1; Nominal Expenditures: BEA Table 3.1 Line 21; Nominal Transfers:
BEA Table 3.1 Line 22; Nominal Gov’t Investment: BEA Table 3.1 Line 39; Nominal Con-
sumption of Net Capital: BEA Table 3.1 Line 42; Effective Federal Funds Rate (FF): FRED
FEDFUNDS; 5-Year Treasury Constant Maturity Rate: FRED DGS5; Market Value of
Government Debt: Hall et al. (2018).

All the variables are obtained from standard sources, except for the real value of debt,
which we construct from the series provided by Hall et al. (2018). We transform the series
into quarterly frequency by keeping the market value of debt in the first month of the
quarter. This choice is meant to avoid capturing changes in the market value of debt arising

from changes in the quantity of debt after a monetary shock instead of changes in prices.

VAR estimation. Figure D.1 shows the results. As is standard in the literature, we
find that a contractionary monetary shock increases the federal funds rate and reduces
output and inflation on impact. Moreover, the contractionary monetary shock reduces

consumption, investment, and hours worked.
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M @ ®) @) ©) M-2-BC)+®-06)
Revenues Interest Payments Transfers&  Debtin T  Initial Debt Residual

Expenditures
Data -26 68.88 -12.09 291 -49.74 30.13
[-72.89,20.89] [30.01,107.75] [-48.742456]  [-12.79,18.62] [-68.03,-31.46] [-4.74,65]

Table D.1: The impact on fiscal variables of a monetary policy shock

Note: Calculations correspond to a a 100 bps unanticipated interest rate increase. Confidence interval at 95% level.

The Government’s Intertemporal Budget Constraint. The fiscal response in the
model corresponds to the present discounted value of transfers over an infinite horizon,
that is, 3>, B'T;, where f = %. We next consider its empirical counterpart. First, we
calculate a truncated intertemporal budget constraint from period zero to 7

T
_ At a—1 ; RT
bybo =) B |yt — By (i~ —1")| = Tor+ B bybr (D.1)
t=
~ 0 S~ interest payments —
debt tax revenue other transfers/expenditures
revaluation & final debt

The right-hand side of (D.1) is the present value of the impact of a monetary shock on
fiscal accounts. The first term represents the change in revenues that results from the real
effects of monetary shocks. The second term represents the change in interest payments
on government debt that results from change in nominal rates. The last two terms are
adjustments in transfers and other government expenditures, and the final debt position
at period 7T, respectively. In particular, Ty 7 represents the present discounted value of
transfers from period 0 through 7. Provided that 7 is large enough, such that (v, 7, i;)
have essentially converged to the steady state, then the value of debt at the terminal date,
b1, equals (minus) the present discounted value of transfers and other expenditures from
period 7 onward. Hence, the last two terms combined can be interpreted as the present
discounted value of fiscal transfers from zero to infinity. Finally, the left-hand side repre-
sents the revaluation effect of the initial stock of government debt.

Table D.1 shows the impact on the fiscal accounts of a monetary policy shock, both in
the data and in the estimated model. We first apply equation (D.1) to the data and check
whether the difference between the left-hand side and the right-hand side is different from

zero. The residual is calculated as

Residual = Revenues - Interest Payments - Transfers + Debt in 7 - Initial Debt
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Figure D.2: IRFs for the federal funds rate and excess bond premium.

We truncate the calculations to quarter 60, that is, 7 = 60 (15 years) in equation (D.1).
The results reported in Table D.1 imply that we cannot reject the possibility that the resid-
ual is zero and, therefore, we cannot reject the possibility that the intertemporal budget
constraint of the government is satisfied in our estimation.

The adjustment of the fiscal accounts in the data corresponds to the patterns we ob-
served in Figure 2. The response of initial debt is quantitatively important, and it accounts

for the bulk of the adjustment in the fiscal accounts.

EBP. To estimate the response of the corporate spread in the data, we add the EBP mea-
sure of Gilchrist and Zakrajsek (2012) into our VAR (ordered after the fed funds rate). Since
the EBP is only available starting in 1973, we reduce our sample period to 1973:1-2007:7.
The estimated IRFs are in line with those obtained for the longer sample. We find a signif-

icant increase of the EBP on impact, of 6.5 bps, in line with the estimates in the literature.
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