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Abstract

I study the dependence of the forward guidance effectiveness on the level
of economic slack. I use the model with price rigidities and uninsured un-
employment risk and apply both analytical and numerical methods to study
the forward guidance transmission in both “normal times” and the crisis dur-
ing which the unemployment rate rises by 150 percent. High unemployment
accompanied by low job-finding rates raises the unemployment risk and in-
creases precautionary motives. This, in turn, constrains the ability of the
monetary authority to boost current demand by announcing cuts in future
policy rates. The severity of that limitation increases with the time horizon
of the announced change in interest rate. Quantitatively, the drop in the
interest rate elasticity of aggregate consumption between the horizon of the
interest rate cut equal to zero (i.e. the standard monetary policy shock) and
the horizon equal to 15 quarters is 35.3% larger in the crisis than in “nor-
mal times”. These more pronounced horizon effects imply that the forward
guidance effectiveness is in general lower in the crisis than in “normal times”.
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1 Introduction

Forward Guidance (FG henceforth) is a type of unconventional monetary policy
through which central banks attempt to stimulate output by announcing forecasts of
future policy rates. As reported by Blinder et al. (2017), FG has become a standard
element of the monetary policy toolkit to combat economic downturns. This, in turn,
raises a natural question about the ability of FG to stimulate aggregate demand in
an economic crisis.

The textbook logic behind the improved effectiveness of stabilization policies
in “bad times” than in “normal times” is based on the slope of the AS curve. It
says that when economic slack is substantial then the reaction to higher demand
features a more pronounced adjustment of output than prices, which follows because
the AS curve is flatter in the region where output is low and unemployment is high.
Empirical evidence related to the effectiveness of the standard monetary policy over
business cycle is, however, mixed: on the one hand, Weise (1999), Peersman and
Smets (2002), and Lo and Piger (2005) find that monetary policy becomes more
effective during crises. On the other hand, more recent works by Tenreyro and
Thwaites (2016), Burgard et al. (2019), Jorda et al. (2020), and Alpanda et al.
(2021) reach the opposite conclusion. To the best of my knowledge, there are no
works studying the analogous relationship for FG, and my paper is intended to fill
this gap in the literature.

Interaction between unemployment and the FG announcements is potentially
interesting because this type of unconventional monetary policy concerns changes
that occur in the future and, as such, their perception by consumers in the current
period can be affected by the forward-looking factors associated with the household
consumption behavior like expectations and fears. More specifically, high unem-
ployment is accompanied by low job-finding rates. This, in turn, coupled with the
household’s inability to insure against income losses during unemployment spells
(documented by, e.g., Kolsrud et al. (2018) and Ganong and Noel (2019)) implies
that economic downturns give rise to unemployment fears that spur precautionary
motives among households (see Krueger et al. (2016) and Den Haan et al. (2018),
among others), which further aggravates the crisis. Moreover, as argued in this
paper, unemployment fears lower the impact of the FG-driven changes to relevant
macroeconomic variables in the future (like income and interest rates) on current
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consumption decisions. This, in turn, limits the ability of FG to stimulate current
aggregate demand when unemployment is high.

To conduct the analysis I use the standard HANK (Heterogeneous Agent New
Keynesian) model blended with the canonical Diamond-Mortensen-Pissarides model
of the frictional labor market. To gain analytical insights, I study a simplified
version of the model that features zero liquidity (see, e.g., Krusell et al. (2011),
Werning (2015), Bilbiie (2019), Bilbiie (2020) and Ravn and Sterk (2021)) and, by
comparing it to the model with complete markets (i.e. the Representative Agent
New Keynesian model - RANK henceforth), I find that uninsured unemployment
risk weakens the impact of future interest rate cuts (also referred to as FG shocks) on
current aggregate consumption. I also argue that this influence becomes even weaker
when the unemployment rate is high. Moreover, by characterizing the channels
through which FG shocks affect current household demand in the model with zero
liquidity (see Proposition 3), I provide and organizing framework for exploring the
FG effects in the fully-blown HANK model with a positive supply of assets.

In numerical simulations, I compare the effects of both standard monetary policy
and FG shocks in “normal times” in which the unemployment rate takes the steady
state value of 6% with the FG transmission in the crisis featuring the unemployment
rate of 15%. I find that the interest rate elasticity of aggregate consumption (which
is the measure of the FG effectiveness in my analysis) is a decreasing function of
the horizon of the announced change in the policy rate (i.e. it exhibits the so-called
horizon effects, see Farhi and Werning (2019)), which contrasts with the behavior of
the interest rate elasticity of aggregate consumption in RANK, which barely changes
with the horizon of the monetary policy shock. This corroborates the finding from
the zero-liquidity model that uninsured unemployment risk lowers the responsiveness
of household demand to FG shocks.

Moreover, I find that high unemployment steepens the curve that captures the
relationship between the horizon of the FG shock and the interest rate elasticity of
consumption in the HANKmodel while it leaves the analogous relationship in RANK
almost unaffected. This echoes another finding based on the analytical exploration:
high unemployment gives rise to additional fears that weaken the transmission of
FG shocks. More precisely, I find that the drop in the interest rate elasticity of
aggregate consumption between the horizon of the interest rate cut equal to zero
(i.e. the standard monetary policy shock) and the horizon equal to 15 quarters is
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35.3% larger in the crisis than in “normal times”. Overall, this strengthening in the
horizon effects during an economic downturn implies that more distant FG shocks
become less effective than in “normal times” although the interest rate elasticity of
consumption for the standard monetary shock (i.e. for the horizon that equals zero)
rises in the crisis.

To understand those results, I use the insights from the zero-liquidity model
and I decompose the interest rate elasticity of consumption in HANK into channels
that have a clear economic interpretation. I find that the rise in the interest rate
elasticity of consumption during the crisis for the standard monetary policy shock
can be explained by compositional effects: an increase in the number of unemployed
workers featuring higher marginal propensity to consume (MPC henceforth) whose
consumption response to the effects of monetary policy shock is more pronounced
than the reaction of the employed. On the other hand, I argue that the drop in
the interest rate elasticity of consumption during the crisis for more distant FG
shocks occurs because current unemployment fears weaken the positive impact of
the signals about future job-creation (driven by future interest rate cuts) on current
consumption choices.

2 Literature

Eggertsson and Woodford (2003) analyze FG in RANK and show that a recession
accompanied by deflation and zero lower bound (ZLB) can be entirely eliminated if
the monetary authority commits to holding nominal interest rates at the ZLB for a
few more quarters in addition to what is justified by current economic conditions.
However, in an influential paper, Del Negro et al. (2012) argue that the central
bank’s promise to fix policy rates below the level of the natural interest rate for
a couple of years may generate explosive dynamics of output and inflation in the
RANK model - the phenomenon called the “FG puzzle”.

It seems that a considerable number of papers studying FG in the models with
incomplete insurance markets were focused on their ability to either mitigate or
aggravate the “FG puzzle”. In a pioneering work, McKay et al. (2016) demon-
strated how incomplete markets decrease the elasticity of aggregate consumption
with respect to future changes to real interest rates. This result was questioned by
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Werning (2015) and Hagedorn et al. (2019a) who show that the findings of McKay
et al. (2016) are specific to the assumed fiscal redistribution scheme. In particular,
Werning (2015) uses both the zero-liquidity model with incomplete markets and
the related model with the positive supply of assets to derive the Euler-equation
representation of aggregate consumption dynamics and finds that the sensitivity of
consumption to current and future interest rates is the same as in the representa-
tive agent model. Moreover, he demonstrates that if the income at the bottom of
the distribution is more sensitive to aggregate income, the “FG puzzle” becomes
aggravated, which contrasts with the conclusions drawn by McKay et al. (2016).
Hagedorn et al. (2019a) clarify the ambiguous conclusions reached by McKay et al.
(2016) and Werning (2015) by showing both theoretically and quantitatively that
by varying the assumptions about redistribution FG can be more, equally or less
effective in models with incomplete markets than in the RANK model. In a seminal
work, Farhi and Werning (2019) study the role of the interaction between incomplete
markets and bounded rationality for the propagation of future changes to real inter-
est rates. They find that, in isolation, each of those frictions leads to small (or even
no) departures of the elasticity of output to future real interest rates when compared
to the RANK model. If combined, however, they cause powerful mitigation of the
FG effectiveness and lead to substantial horizon effects.

To obtain analytical insights into mechanisms governing the transmission of FG
shocks in models with incomplete markets, Bilbiie (2019) and Bilbiie (2020) use
the so-called THANK model and show that the resolution of the “FG puzzle” re-
quires that the income share of high MPC agents is countercyclical (or, equivalently,
inequality is procyclical).1 Acharya and Dogra (2020) use the PRANK model (i.e.
Pseudo RANK) that allows for a tractable aggregation of agents across wealth distri-
bution and show that whether incomplete markets resolve the “FG puzzle” depends
on the cyclicality of income risk.

This paper finds that uninsured unemployment risk leads to more pronounced
horizon effects. This can be interpreted as a mitigation of the “FG puzzle” suggested
by McKay et al. (2016) who argue that the lack of horizon effects in RANK lies at
the heart of that puzzle. Nevertheless, it is not the “FG puzzle” but the dependence
of the FG effectiveness on the level of economic slack which is the main focus of my

1Using a similar framework, Challe (2020) analyzes the optimal monetary policy in the zero-
liquidity economy.
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work.
This paper is also related to the articles studying the effectiveness of government

policies over the business cycle. In particular, there is a large literature discussing
the dependence of fiscal policy effectiveness on economic slack. Important theo-
retical contributions by Michaillat (2014) and Michaillat and Saez (2019) point to
considerable countercyclical effectiveness of fiscal policy in the RANK model featur-
ing a frictional labor market. Numerous empirical works analyzed the differences in
the government spending multiplier’s size between recessions and expansions. For
instance, Auerbach and Gorodnichenko (2012) find that fiscal policy in the US is
considerably more effective in recessions. Somewhat contrarily, Ramey and Zubairy
(2018) find that the size of the multiplier in the US is below unity irrespective of the
amount of slack in the economy. Moreover, Owyang et al. (2013) are in line with
the result of Ramey and Zubairy (2018) for the US economy but they additionally
document evidence of the countercyclical multiplier’s size in Canada.

The rest of the paper is structured as follows. Section 3 presents the model econ-
omy (i.e. the fully-blown HANK) and discusses the equilibrium concept. Section
4 analyzes the nested zero-liquidity version of the model (i.e. THANK) to obtain
closed-form results describing the demand block. I calibrate the HANK model in
Section 5 and I present simulation results in Section 6. Section 7 concludes.

3 Model

3.1 General Description of the Model

Time is infinite and divided into discrete subperiods. The model is populated by a
unit mass of infinitely-lived households (also referred to as consumers or workers).
The remaining types of agents in the economy are retailers, firms (also referred to
as producers), and the government (consisting of two branches: fiscal and monetary
authority). There are three markets in the model: the market for government bonds
(i.e. liquid assets), the market for consumption goods that features price rigidities
and the frictional labor market as in the canonical Diamond-Mortensen-Pissarides
framework. Households face uninsured idiosyncratic shocks to productivity level
and labor status (i.e. they can be either employed or unemployed).
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3.2 Preferences and Technology

Households derive utility from consumption and their preferences are characterized
by an instantaneous utility function u that satisfies: u′ > 0, u′′ < 0, and the Inada
conditions. Factor β ∈ (0, 1) is used by households to discount future utility streams.
Producers operate a linear technology F to manufacture goods with effective labor
as the only production input.

3.3 Frictional Labor Market

The number of successful matches in the labor market is generated by matching
technologyM that combines workers without a job at the beginning period of period
t with vacancies vt posted by producers. The measure of the former is 1−(1− ŝ)·Nt−1

where Nt−1 is the mass of agents employed in period t − 1 (i.e. mass of those who
took part in the production process at t−1) and ŝ ∈ (0, 1) is a parameter that can be
interpreted as an exogenous rate of job separations. I follow den Haan et al. (2000)
by specifying M as a constant-returns-to-scale function that takes the following
form:

M (1− (1− ŝ) ·Nt−1, vt) =
(
[1− (1− ŝ) ·Nt−1]−α + v−αt

)− 1
α

where α > 0 governs the elasticity of substitution of matching inputs.
Labor market tightness xt is defined as:

xt ≡
vt

1− (1− ŝ) ·Nt−1
.

Given the constant-returns-to-scale property of matching function M , both the job-
finding rate ft and the vacancy-filling rate qt can be expressed as functions of labor
market tightness:

ft ≡ f (xt) = M (1− (1− ŝ) ·Nt−1, vt)
1− (1− ŝ) ·Nt−1

, (1)

qt ≡ q (xt) = M (1− (1− ŝ) ·Nt−1, vt)
vt

.

Employment level Nt evolves according to the following law of motion:

Nt = (1− ŝ) ·Nt−1 +M (1− (1− ŝ) ·Nt−1, vt) . (2)
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The timeline of the labor market events is as follows: at the end of period t−1 a pro-
portion ŝ of the employed consumers are separated from their jobs. Subsequently,
at the beginning of period t, they are pooled together with households that were un-
employed in period t−1 (and whose mass equals 1−Nt−1). Next, job creation takes
place which results in new firm-worker matches M (1− (1− ŝ) ·Nt−1, vt). Subse-
quently, employed households (of measure Nt) produce goods and the unemployed
(of mass 1−Nt) do not manufacture goods.

3.4 Households

The two types of idiosyncratic risk faced by households are exogenous Markovian
changes to individual labor productivity zt and endogenous changes to job-finding
rate ft. There is no disutility from labor and thus households work the maximum
number of time units per period which is standardized to unity. A consumer enters
period t with liquid assets bt which is the only available saving instrument. By ht
let us denote the labor status of a household in period t which is either equal to
u (for unemployed households) or to e (for employed consumers). The latter earn
labor income wt · zt taxed at rate τt, where by wt I denote the average real wage in
the economy. The unemployed household gets unemployment insurance µt · wt · zt
where µt ∈ (0, 1) is set by the government.

Households use the available resources to either consume goods ct or to save
assets bt+1. The latter is subject to the following liquidity constraint:

bt+1 ≥ −b̄,

where b̄ ≥ 0. I denote the nominal interest rate on liquid assets by it and by Πt I
denote the ratio between prices of consumption goods in period t and period t − 1
(denoted by Pt and Pt−1, respectively). Fisher equation pins down the value of the
real interest rate Rt:

Rt ≡
1 + it−1

Πt

.

Employed household in period t becomes unemployed in period t+1 with probability
ŝ · (1− ft+1) and the unemployed in period t becomes employed in period t+ 1 with
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probability ft+1. For convenience let us define the effective separation rate St as:

St ≡ ŝ · (1− ft) . (3)

The maximization problem of a household with asset holdings bt, productivity level
zt, and labor market status ht in period t can be described by the following Bellman
equation:

Vt (ht, zt, bt) = max
ct, bt+1

{
u (ct) + I{ht=e} · β · Et [(1− St+1) (4)

·Vt+1 (e, zt+1, bt+1) + St+1 · Vt+1 (u, zt+1, bt+1)]

+I{ht=u} · β · Et [ft+1 · Vt+1 (e, zt+1, bt+1)

+ (1− ft+1) · Vt+1 (u, zt+1, bt+1)]}

subject to: ct +bt+1 = Rt · bt + I{ht=e} · (1− τt) · wt · zt + I{ht=u} · µt · wt · zt
bt+1 ≥ −b̄

where Vt is the value function and I is the indicator function. Note that consumers
take variables τt, ft+1, St+1,Rt, wt, µt as given. Following Guerrieri and Loren-
zoni (2017), I define time-dependent policy rules ct (h, z, b) and bt+1 (h, z, b) for a
household characterized by individual state variables ht = h, zt = z, bt = b.

3.5 Retailers

There is a unit mass of identical retailers that purchase varieties of goods {Yj,t}j∈[0,1](also
referred to as intermediate goods) manufactured by producers that are indexed with
j ∈ [0, 1]. The retailer uses the Dixit-Stiglitz aggregator:

Yt =
(∫ 1

0
Y

1− 1
γ

t,j dj
) 1

1− 1
γ

to generate consumption good that is sold to household where γ > 1 is the elasticity
of substitution between varieties. Retailers choose variables {Yj,t}j∈[0,1] to maximize
profits:

Pt · Yt −
∫ 1

0
Pj,t · Yj,tdj,
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where Pj,t is the price of an intermediate good produced by firm j. The aggregate
price level Pt is given by:

Pt =
(∫ 1

0
P 1−γ
j,t dj

) 1
1−γ

.

and the first order condition that pins down the demand function for variety j which
is associated with the retailer’s maximization problem reads:

Yj,t =
(
Pj,t
Pt

)−γ
· Yt. (5)

.

3.6 Producers

Firms indexed with j ∈ [0, 1] manufacture intermediate goods. The producer with
index j posts vacancies vj,t and each of them is filled with probability qt.

To articulate the role of unemployment risk and incomplete markets for the for-
ward guidance effectiveness in Sections 4 and 6, I will compare RANK and HANK
featuring identical supply blocks. This, in turn, guarantees that the differences be-
tween outcomes generated by the models can be attributed solely to the demand
side characteristics, which are the main focus of the paper. To this end, I follow
Gornemann et al. (2016) and use the matching scheme for which the New Keyne-
sian Phillips Curve (NKPC) in the HANK model is identical to the one in RANK.
In particular, I assume that firms cannot discriminate between workers featuring
different individual productivity levels. In other words, firms control only the level
of effective labor EzztNj,t where Nj,t is the number of workers employed in firm j.
It is assumed that the average productivity of workers is standardized to unity and
that firm j produces intermediate good Yj,t using technology F with effective labor
EzztNj,t as the only input:

Yj,t = F (EzztNj,t) = EzztNj,t = Nj,t.

As in Rotemberg (1982), price-setting is subject to quadratic adjustment costs which
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are proportional to aggregate output Yt:

φ

2 ·
(
Pj,t − Pj,t−1

Pj,t−1

)2

· Yt

where φ > 0 is a parameter. Following Hagedorn et al. (2019a), it is assumed that
price adjustment costs are “as-if”: i.e. they do not affect the actual profits but firms
optimize as if they were. Hagedorn et al. (2019a) make this assumption to elimi-
nate the unrealistic “price-adjustment booms” arising from a large price adjustment
driven by large price movements in the liquidity trap.2 I make this assumption to
simplify the aggregate resource constraint so that the aggregate demand of house-
holds is put at the center of the analysis as the only driver of output and employment
fluctuations (as in McKay et al. (2016), Farhi and Werning (2019), and Hagedorn
et al. (2019a)).

Firms take demand curves (equation (5)) as given and optimize subject to the
following law of motion for labor:

Nj,t = (1− ŝ) ·Nj,t−1 + qt · vj,t (6)

Symmetrically to price adjustment costs, it is assumed that vacancy posting is “as-
if”, too. Analogously to the “as if” price adjustment costs, this assumption implies
that the economy-wide resource constraint becomes simplified and changes to output
are affected solely by the aggregate demand of households (and not by the vacancy-
posting decisions of firms).

Moreover, following Hagedorn et al. (2019a) and to meet the empirical evidence
on firm profits documented in Basu and Fernald (1997), it is assumed that firms
bear fixed costs Ψ. Therefore, profits dj,t (also referred to as dividends) of firm j

are given by:
dj,t ≡

Pj,t
Pt
· Yj,t − Ezzt · wt ·Nj,t −Ψ. (7)

Producers use real interest rates Rt to discount future streams of profits and the
“as if” costs. All this implies that producer j in period 0 solves the following

2This assumption also allows them for conducting the “excess demand analysis” to show the
differences between the model with complete and the model featuring incomplete markets.
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maximization problem:

max
{vj,t,Pj,t,Yj,t,Nj,t,dj,t}+∞t=0

E0

+∞∑
t=0

t∏
s=0

( 1
Rs

)
·

dj,t − κ · vj,t − φ

2 ·
(
Pj,t − Pj,t−1

Pj,t−1

)2

· Yt


(8)

subject to:

Yj,t =
(
Pj,t
Pt

)−γ
· Yt

Nj,t = (1− ŝ) ·Nj,t−1 +qt · vj,t
Yj,t = EzztNj,t

dj,t = Pj,t
Pt
· Yj,t −wt ·Nj,t −Ψ

where {Pt, Yt, qt, wt, Rt}+∞
t=0 are taken as given.

In a symmetric equilibrium (in which Nj,t = Nt, Pj,t = Pt, vj,t = vt, Yj,t = Yt,
dj,t = dt), the optimal behavior of firms is characterized by the following first-order
condition:

1− γ + wt · γ + γ · κ
qt
− Et

[
1

Rt+1
· κ · (1− ŝ) · γ

qt+1

]

= φ · (Πt − 1) · Πt − Et
[

1
Rt+1

· φ · (Πt+1 − 1) · Πt+1 ·
Yt+1

Yt

]
.

Finally, I follow Hagedorn et al. (2019b) by assuming that tax on a firm’s profits
τd,t is set at the level such that:

∀j,t dt = τd,t. (9)

3.7 Government

The government consists of a fiscal authority and the central bank. The latter
applies the standard Taylor rule to set nominal interest rates:

it = i+ φΠ · (Πt − Π) (10)

where φΠ > 0, i and Π are nominal interest rates and inflation in the stationary
equilibrium (in what follows I use the convention that variables without time sub-
scripts denote values in stationary equilibrium). Specification of the Taylor rule
described above is standard in the HANK literature (see McKay and Reis (2016),
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Kaplan et al. (2018), and Farhi and Werning (2019)).
The fiscal authority sets the values of government debt Bt+1, replacement rate

µt, and labor income tax rate τt to balance the budget:

τd,t + τt · wt ·Nt +Bt+1 = (1−Nt) · µt · wt +Rt ·Bt (11)

where Rt ·Bt is debt-repayment in period t.

3.8 Wage-setting

Given that the labor market features search and matching frictions, an additional
condition is required to set real wage wt. There are numerous theories that pin down
wages in the situation of a bilateral monopoly and Nash bargaining is probably the
most commonly used protocol in that context. I do not follow this approach because
the model with heterogeneous wealth holdings gives rise to a menu of wage contracts
that depends on the individual stocks of liquid assets (see Krusell et al. (2010)).
This would imply that the supply sides in the HANK and RANK models analyzed
in Sections 4 and 6 are not identical and, in turn, the differences in demand blocks
(most crucially the uninsured unemployment risk) would not be the only factor
affecting the difference in the behavior of both models. Thus, to avoid that problem
I follow Den Haan et al. (2018) and assume that real wage wt satisfies the following
condition:3

wt = wt−1 · ΠωΠ−1
t . (12)

where ωΠ is a parameter. This guarantees that the NKPCs (and thus supply blocks)
in both variants of the model are the same. As argued in the Appendix, condition

3More specifically, Den Haan et al. (2018) assume that nominal wage w̃t is given by:

w̃t = ω0 ·
(
At

A

)ωA

·A ·
(
Pt

P t

)ωΠ

· P t

where ω0, ωA, ωΠ are parameters, by A I denote the average productivity level while At is the
productivity level in period t. Aggregate price level trend P t is given by:

P t = Π̄t.

As the aggregate productivity shocks are not present in my model, we have At = A = 1 which
implies condition (12) (see the Appendix for a step-by-step derivation).
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(12) can be viewed as a form of nominal wage rigidity.

3.9 Market Clearing Conditions and Distribution Dynamics

Let us by πt (h, z, b) denote the measure of consumers with labor market status
ht = h, productivity zt = z, and assets holdings bt = b in period t. Aggregate
consumption Ct is given by:

Ct =
∫
ct (h, z, b) dπt (h, z, b) .

The economy-wide resource constraint for consumption goods is:

Ct + Ψ = Yt (13)

and the market clearing condition for liquid assets reads:

Bt+1 =
∫
bt+1 (h, z, b) dπt (h, z, b) .

The equilibrium condition for labor market requires that the mass of filled vacancies
equals the number of hired workers:

qt · vt = ft · (1− (1− ŝ) ·Nt−1) .

The distribution of households πt evolves according to the following law of motion:

πt+1 (e, z′,B′) = (1− St+1) ·
∫
{b: bt+1(e,z,b)∈B′}

P(z′|z)dπt (e, z, b) (14)

+ft+1 ·
∫
{b: bt+1(u,z,b)∈B′}

P(z′|z)dπt (u, z, b)

πt+1 (u, z′,B′) = St+1 ·
∫
{b: bt+1(e,z,b)∈B′}

P(z′|z)dπt (e, z, b) (15)

+ (1− ft+1) ·
∫
{b: bt+1(u,z,b)∈B′}

P(z′|z)dπt (u, z, b)

where B′ is a Borel subset of [−b̄,+∞), P(z′|z) is the probability of transition
from state characterized with productivity z to state z′ which is determined by the
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Markovian process.
As mentioned, the measure of households is standardized to unity, which implies:

∫
dπt (h, z, b) = 1. (16)

3.10 Equilibrium

We are in a position to define the equilibrium of the model:

Definition. Given an initial government debt level B0, initial distribution π0, ex-
ogenous sequence {Bt+1, µt}t≥0, an equilibrium is: paths of prices {Rt, it,Πt, wt}t≥0,
sequences {Yt, qt, ft, Nt, vt, dt, τd,t, τt, St, Ct}t≥0, individual policy and value functions
{ct (h, z, b)}t≥0, {bt+1 (h, z, b)}t≥0, {Vt (h, z, b)}t≥0, distributions of households {πt (h, z, b)}t≥0

such that: households, retailers and producers optimize, government budget con-
straint holds, Taylor rule, wage rule, consistency and market clearing conditions
hold.

4 Analytical exploration

This section describes analytical results derived using a simplified version of the
HANK model outlined in Section 3. More specifically, I use a zero-liquidity variant
of that model (see Krusell et al. (2011), Werning (2015), Bilbiie (2020), and Ravn
and Sterk (2021)) that allows for obtaining a tractable characterization of the ag-
gregate demand response to both standard monetary policy and to FG shocks. To
articulate the consequences of the uninsured unemployment risk for the transmis-
sion mechanism of central bank policies, the derived expression is compared to the
analogous formula obtained for the RANK model. The conceptual insights gained
in this part provide an organizing framework for the quantitative analysis of the
fully-blown model featuring a non-degenerate distribution of agents across wealth
and productivity levels conducted in Section 6.

The spirit of the partial equilibrium exercise below is similar to Auclert (2019),
who decomposed the adjustment of households’ demand dCt to a transitory mon-
etary policy shock in the model with incomplete insurance markets into channels
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through which main economic aggregates affected by that shock influence the in-
dividual consumption behavior. To study the impact of FG policies on current
household spending, however, one needs to consider a multiperiod disturbance in
aggregate variables caused by the announcement of monetary policy innovations in
the future. In this case, however, it becomes impossible to express dCt analytically
(or, to put it differently, in terms of sufficient statistics as in Auclert (2019)) if the
fully-blown Bewley-Huggett-Aiyagari framework is considered.4 This problem was
addressed in the literature in several different ways by Kaplan et al. (2018), Farhi
and Werning (2019) and Hagedorn et al. (2019a).5

In this paper, the derivation of an analytical formula for dCt (resulting from a
multiperiod disturbance to macroeconomic aggregates) becomes possible once the
zero-liquidity assumption is imposed. Additionally, for clarity of exposition, it is
assumed that the productivity of all households is standardized to one. In other
words, I set b̄ = 0, Bt = 0, and zt = 1 for all t. These assumptions hold only in this
section and they automatically mean that the derived expression does not contain
the impact of changes to real interest income on private consumption (i.e., using the
terminology by Auclert (2019), both the Fisher channel and the Unhedged Interest
Rate Exposure channel are shut off). These assumptions also imply that the model
becomes similar to the framework studied in Ravn and Sterk (2021), i.e. a two-agent
model with employed and unemployed households. This variant of the model can
be also referred to as THANK - the Tractable Heterogeneous-Agent New Keynesian
model (see Bilbiie (2019) and Bilbiie (2020)). The unemployed are hand-to-mouth

4Auclert (2019) derives a multiperiod version of the formula for the case with perfect foresight
(i.e. no idiosyncratic uncertainty, see the Appendix to his paper).

5For instance, Kaplan et al. (2018) totally differentiate the aggregate consumption function
and they decompose the current response of private spending in partial equilibrium into channels
corresponding to the infinite time paths capturing the reaction of aggregate variables to a monetary
policy shock. In practice, Kaplan et al. (2018) estimate the value of each component numerically.
Farhi and Werning (2019) show that it is possible to obtain analytical results describing the
consumption response to FG shocks under general equilibrium for the perpetual-youth model with
occasionally binding borrowing constraints but, unlike the Bewley-Huggett-Aiyagari, this model
does not feature precautionary savings. The analysis by Hagedorn et al. (2019a), in turn, is based on
an ad-hoc approximation that decomposes the response of consumption to FG shocks in the model
with incomplete markets into consumption response in the representative agent model and the
so-called distributional effects. Although their decomposition is not derived from a microfounded
model in a direct way, it is nevertheless sufficiently good for explaining their findings.
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while the consumption of the employed is governed by the following Euler equation:6

ct (e)−σ = β · Et
{
Rt+1 ·

[
(1− St+1) · ct+1 (e)−σ + St+1 · ct+1 (u)−σ

]}
. (17)

From now on, it is assumed that utility function u is specified as:

u (ct) = c1−σ
t − 1
1− σ

where σ is the rate of relative risk aversion (or, to put it differently, σ is the inverse
of the elasticity of intertemporal substitution).

Moreover, I assume that c (e) > c (u) in the steady state which is motivated by
empirical works on the inability of households to insure against unemployment risk
(see Kolsrud et al. (2018) and Ganong and Noel (2019) among others). In particular,
by ω I denote the ratio between c (e) and c (u), i.e.:

ω ≡ c (u)
c (e) ∈ (0, 1)

which can be thought of as a parameter that is affected by fiscal redistribution. The
fact that ω < 1 is the source of uninsured unemployment risk. Finally, by:

Yu,t ≡ µt · wt, Ye,t ≡ (1− τt) · wt

I denote the disposable incomes of unemployed and employed households, respec-
tively.

Before analyzing the FG transmission through household demand in the THANK
model, it is instructive to start with the nested RANK model, which serves as a nat-
ural benchmark. Note that RANK differs from the model described above because of
complete insurance markets captured by grouping agents into large families making
decisions subject to the budget constraint:

CRANK
t + bRANKt+1 = Rt · bRANKt +Nt · Ye,t + (1−Nt) · Yu,t

where CRANK
t and bRANKt+1 are the consumption and asset choice of the representa-

6To economize on notation, I suppress the dependence of consumption policy function on zt = 1
and bt = 0.
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tive agent, respectively. As explained in the Appendix (in the proof of Proposition
1), under complete insurance markets, the only aggregate variables relevant from
the point of view of household consumption decisions are real interest rates and
aggregate income. Therefore, we will now consider only the impact of the sequence
of infinitesimal deviations {dRt+m, dYt+m}m≥0 from their steady state values (po-
tentially driven by monetary policy shocks - either standard or FG) on the current
aggregate consumption dCRANK

t . We have the following result:

Proposition 1. Kaplan, Moll, Violante (2018): Consider the model with com-
plete insurance markets and suppose that a household in period t faces the following
deviations of paths of aggregate variables from their stationary equilibrium values:
{dRt+m}m≥0, {dYt+m}m≥0. The corresponding change in aggregate consumption in
partial equilibrium is:

dCRANK
t =

∞∑
m=1

βm ·
[
−

Intertemporal substitution︷ ︸︸ ︷
β · CRANK

σ
· dRt+m +

Income︷ ︸︸ ︷
1− β
β
· dYt+m−1

]
(18)

Proof of Proposition 1 is delegated to the Appendix. Equation (18) can be seen
as a discrete-time version of the continuous-time decomposition presented by Kaplan
et al. (2018). In particular, it shows that the response of private consumption to
monetary policy shocks in the model with complete insurance markets depends on
the future changes in real interest rates (the so-called direct effects using the termi-
nology by Kaplan et al. (2018) or the so-called intertemporal substitution channel
in Auclert (2019)) and aggregate income (the so-called indirect effects in Kaplan
et al. (2018) and income channel in Auclert (2019)). In particular, the discrete-time
version of the decomposition exercise provides a useful interpretation of the term
1−β in equation (18): it corresponds to the marginal propensity to consume in the
model with complete markets and its size is rather small for reasonable parametriza-
tions of β.7 This echoes the conclusion reached by Kaplan et al. (2018): the role of
indirect effects in the transmission of monetary policy through household spending
in RANK is limited and it operates almost exclusively through the direct channel.

An immediate consequence of Proposition 1 is the formula for the interest rate
elasticity of aggregate consumption in partial equilibrium in the RANK model, de-

7See the Appendix for details.
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noted by εRANKt,s which describes the standardized reaction of consumption in period
t with respect to change in real interest rate in period t+ s:

εRANKt,s ≡ − R

CRANK
· dC

RANK
t

dRt+s
(19)

which is defined for s > 0. The following corollary is a discrete-time version of
the result obtained by Farhi and Werning (2019) for the RANK model in partial
equilibrium set in continuous time:

Corollary 2. Farhi and Werning (2019): In the RANK model, the partial equilib-
rium elasticity of aggregate consumption in period t with respect to interest rates in
period t+ s is given by:

εRANKt,s = βs · 1
σ
.

Corollary 2 says that once isolated from the general equilibrium effects, the
impact of the FG shocks (i.e. monetary policy shocks arriving at t + s for s > 0)
on household spending in period t is proportional to the elasticity of intertemporal
substitution 1/σ and decays over time at the pace described by factor β.

Let us now turn to the model with uninsured unemployment risk. First, notice
that while the consumption function of unemployed households ct (u) is trivial (they
are hand-to-mouth and thus they consume Yu,t), the policy rule ct (e) of the employed
depends on both current and forward-looking variables. In particular, using the
maximization problem (4) and following Kaplan et al. (2018), one can reformulate
the consumption decision of employed household in period t as ct

(
e; {Γt+m}m≥0

)
where Γt+m = {Rt+m, St+m, Yu,t+m, Ye,t+m}. This, in turn, means that the aggregate
consumption function can be characterized as follows:8

Ct
(
{Γt+m}m≥0

)
= ct

(
e; {Γt+m}m≥0

)
·Nt (St) + ct (u;Yu,t) · (1−Nt (St)) (20)

where the dependence of Nt on St follows from the fact that Nt−1 is pre-determined
and equal to N which coupled with conditions (1), (2), and (3) implies that Nt

can be expressed as a function of St. We are now in a position to present the
main result of this section characterizing the response of current consumption to

8Similar aggregate consumption functions have been derived in Auclert et al. (2018), Kaplan
et al. (2018), Farhi and Werning (2019) among others.
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the infinite sequence of deviations {dΓt+m}m≥0 that can be interpreted as a result
of monetary policy shocks (either standard or FG):

Proposition 3. Consider the model with incomplete insurance markets and zero
liquidity. The response of aggregate consumption to deviations {dΓt+m}m≥0 is:

dCTHANK
t = dct (e) ·N + dct (u) · (1−N) + (c (e)− c (u)) · dNt︸ ︷︷ ︸

Unemployment fears:
compositional effect

where: dNt is driven by dSt, dct (u) = dYu,t and:

dct (e) = 1
β ·R · (1− S) ·

∞∑
m=1
Mm ·

[
−

Intertemporal substitution︷ ︸︸ ︷
c (e)
R · σ

· dRt+m −

Unemployment fears: risk effect︷ ︸︸ ︷
(1− β ·R)

σ · S
· dSt+m

+ β ·R · S
ωσ+1 · dYu,t+m︸ ︷︷ ︸

Income: unemployment

+ β ·R · (1− S)−M
M

· dYe,t+m−1︸ ︷︷ ︸
Income: employment

]

The formula forM can be found in the proof of Proposition 3, which is delegated
to the Appendix. Proposition 3 shows that similarly to the RANK model, one of the
channels through which monetary policy shocks operate is associated with intertem-
poral substitution: higher real interest rates in the future (i.e. dRt+m > 0) induce
households to postpone consumption which decreases household spending in period
t. Intuitively, the absolute magnitude of the intertemporal substitution channel is
scaled with factor 1/σ. By contrast to Proposition 1, uninsured unemployment risk
has two consequences for the transmission mechanism of monetary policy shocks.
The first of them is related to a different formulation of the income channel and the
second is associated with the emergence of the unemployment fears channel.

The former consists now of divided into two subchannels associated with two
different labor statuses that may potentially materialize in the future: formula
for dct (e) shows that the redistribution of aggregate income between dYu,t+m and
dYe,t+m will likely affect current consumption choice and thus indicates that fiscal
redistribution rules can potentially play an important role for the effectiveness of
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monetary policy announcements. This resembles the conclusions reached by Wern-
ing (2015), Bilbiie (2019), and Bilbiie (2020) that concerned the role of cyclical
inequality in the amplification of FG policies through private consumption.910

By construction, the unemployment fears channel does not appear in the model
with complete insurance markets. Proposition 3 shows that it consists of two parts.
The first of them is related to the so-called risk effect: if, for instance, monetary
policy (and, in particular, FG) spurs job-creation in the future (i.e., dSt+m < 0)
then precautionary motives shrink which, in turn, boosts current spending. This
mechanism makes the transmission of FG more powerful when compared to the
RANK model which resembles conclusions presented by Werning (2015), Bilbiie
(2019), and Bilbiie (2020). Unlike those papers, however, the formula in Proposition
3 points to yet another mechanism related to unemployment fears: it hinges on
the consumption difference between unemployed and employed captured with ω ∈
(0, 1).11 More specifically, FG may boost current job creation which is equivalent to
dNt > 0. This implies that the number of unemployed households drops and, at the
same time, the mass of the employed rises. As the latter feature higher consumption
than the former (because 0 < ω < 1) this mechanically increases current aggregate
demand.

All this could suggest that in the situation when the supply blocks in both RANK
and THANK are identical, the effects of the FG shocks are more pronounced in the
latter framework. This argument, however, ignores an important difference between
formulas displayed in Propositions 1 and 3 which is related to the fact that the
impact of changes to economic aggregates on the current consumption spending is
discounted with potentially different factors (i.e. β and M). To articulate this
issue, the following outcome presents the analog of Corollary 2 in the model with

9Note that Bilbiie (2019) and Bilbiie (2020) obtains general equilibrium characterizations of
the effects of monetary policy in a two-agent environment. The existence of an endogenous state
variable (i.e. employment level) in this paper (which is absent in his works) implies that obtaining
results under general equilibrium becomes impossible.

10In particular, Werning (2015) finds that current consumption becomes more sensitive to
changes in the future consumption if income at the bottom of the distribution is more sensitive
to aggregate income. Bilbiie (2020), in turn, argues that the cyclicality of income for high MPC
individuals (that correspond to the unemployed in my analysis) is crucial for the responsiveness of
current consumption to FG shocks.

11This difference is the main driver of unemployment fears in the model and therefore the
associated transmission mechanism is labeled as “Unemployment fears: compositional effect” in
Proposition 3.
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uninsured unemployment risk:

Corollary 4. The partial equilibrium elasticity of aggregate consumption in period
t with respect to interest rates in period t+ s is given by:

εTHANKt,s = 1
β ·R · (1− S) · M

s · 1
σ

in the THANK model for s > 0.

Elasticity εTHANKt,s is defined in an analogous way to εRANKt,s in formula (19). A
comparison of Corollary 4 and Corollary 2 suggests that to provide a more complete
picture of the differences between the FG transmission in THANK and RANK it is
instructive to establish a relationship between β andM. The following proposition
achieves that goal:

Proposition 5. Discount factorM has the following properties:
1) If S ∈ (0, 1) and ω ∈ (0, 1) thenM < β

2) If S = 0 and ω = 1 thenM = β and dct (e) = dCRANK
t

3) It can be expressed as a function of ratio ω = c (u) /c (e) and S:

M =M (c (u) /c (e) , S) .

Proof of Proposition 5 is delegated to the Appendix. The first part of Proposition
5 shows that under uninsured labor market risk (captured with S ∈ (0, 1) and ω ∈
(0, 1)) the impact of future changes to aggregate variables on the current aggregate
demand is discounted with lower factors in THANK than in RANK. This, together
with Corollary 2 and Corollary 4, implies that the horizon effects of shocks dRt+s

are more pronounced in THANK than in RANK in partial equilibrium. This and
the fact that supply blocks in THANK and RANK are identical give rise to the force
that lowers the effectiveness of more distant FG shocks in THANK when compared
to RANK in general equilibrium. As we shall see in Section 6, this result holds also
when THANK is extended to a fully-blown HANK.12

The second part of Proposition 5 shows that in the limiting case when unin-
sured unemployment risk vanishes, the consumption behavior of employed agents in
THANK is exactly the same as in the RANK model.

12See the comparison between HANK and RANK in Figure 3.
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Figure 1: Unemployment and discount factorsM (ω, S) in THANK

Notes: FunctionM is plotted for parameter values: β = 0.99, ω = 0.4, and σ = 2. Function S (U) is pinned down
by the definition of effective separation rate S (equation (3)), the law of motion for employment (equation (2)), and
the definition of unemployment: U = 1−N .

The third part of Proposition 5 highlights the structure of discount factor M
which, as argued in the proof of Proposition 3, can be expressed as a function of
ω and S (and the remaining parameters of the model). It is instructive to analyze
this function graphically. To this end, Figure 1 displays discount factorsM (ω, S)
for a fixed value of ω and for levels of S (U) that are induced by various unemploy-
ment rates U .13 It can be seen that discount factorsM (ω, S) become lower when
unemployment rates are higher. This brings us to the last part of this section which
discusses the potential dependence of the FG effectiveness on the unemployment
level, which is the main focus of the paper.

Note that, on the one hand, high unemployment levels are accompanied by low
job-finding rates ft (or, equivalently, by high rates of effective separations St). This
implies that the impact of the FG announcements (and their future economic con-
sequences) on the current consumption spending is discounted with lower factors.14

The underlying economic intuition motivated by Proposition 3 and Corollary 4 is
that poor employment prospects generate precautionary motives that hamper the
ability of the monetary authority to spur a recovery in the current period by pro-

13The bijective relationship between S and U can be established by combining three equations
(evaluated in the steady state): the definition of effective separation rate S (equation (3)), law of
motion for employment (equation (2)) and the definition of unemployment: U = 1−N .

14Note that, in general, a crisis is a transitory phenomenon while the formulas for dCT HANK
t

and M are derived in the neighborhood of a particular steady state. Nevertheles, if the crisis
features a certain degree of persistence then the stationary equilibrium analysis may serve as an
insightful approximation.
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viding FG announcements about lower interest rates in the future.
On the other hand, however, as the first formula in Proposition 3 shows, high

unemployment changes the composition of the demand block in the economy: there
are more unemployed households that feature a different consumption behavior than
the employed. In particular, one may expect that the unemployed feature higher
MPCs, and thus their consumption is more responsive to the general equilibrium
effects of FG policy that positively influences their current income.

Therefore, to assess which of those two opposite forces dominates, I calibrate the
fully-blown HANK model in the next section and use it for simulating the effects of
FG shocks in Section 6.

5 Calibration

5.1 Parameter Values

The period in the model is a quarter. Parameters are divided into two groups:
the first set of values are assigned of them are set with reference to the literature
while the values in the second group are set to match empirical counterparts of the
model-based objects.

The first group consists of relative risk aversion σ, separation rate ŝ, steady
state value of replacement rate µ, parameters associated with exogenous produc-
tivity shocks zt, elasticity of substitution between intermediate goods γ, parameter
associated with the Taylor rule φΠ, price adjustment parameter φ, lower bound on
asset holdings b̄, and aggregate assets B. I set σ = 2 which is a standard value in
the literature. Following Shimer (2005), I set ŝ = 0.1 and µ = 0.4. Similarly to
Krueger et al. (2016), I assume that log-labor productivity follows a process with
transitory and persistent shocks:

log zt+1 = ẑt + εz,t+1

ẑt+1 = φẑ · ẑt + ηẑ,t+1

where by φẑ I denote the persistence of the process and by εz and by ηẑ I denote
innovations associated with the transitory shock and the persistent component, re-
spectively. The corresponding variances of those shocks are given by σ2

εz and σ2
ηẑ
.
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Table 1: Parameters set with reference to the literature

Parameter Description Value Source

σ Relative risk aversion 2 McKay et al. (2016)

ŝ Separation rate 0.1 Shimer (2005)

µ Replacement rate in stationary

equilibrium

0.4 Shimer (2005)

φẑ Persistence of the idios.

productivity shock

0.9923 Krueger et al. (2016)

σ2
εz

Variance of transitory component 0.0131 Krueger et al. (2016)

σ2
ηẑ

Variance of persistent component 0.0099 Krueger et al. (2016)

γ Elasticity of substitution between

intermediate goods

6 McKay et al. (2016)

φΠ Taylor rule parameter (inflation) 1.5 McKay et al. (2016)

φ Price adjustment parameter 52 Hagedorn et al. (2019a)

b̄ Liquidity constraint 0 McKay and Reis (2016)

Π Steady state inflation 1 Standardization

Values of φẑ, σ2
εz , and σ2

ηẑ
are the quarterly counterparts of the annual persistence

and variances taken from Krueger et al. (2016). I use the Rouwenhorst algorithm to
discretize the persistent component of the process and I apply the Gauss-Hermite
quadrature to approximate the transitory shock.

The elasticity of substitution between intermediate goods satisfies γ = 6 to match
the monopolistic markup equal to 20% as in McKay et al. (2016) and Hagedorn
et al. (2019a). Similarly to those papers, I assume that the parameter associated
with the monetary policy responsiveness to prices is φΠ = 1.5 and that the value
of price adjustment parameter φ equals 52 (to match the slope of the NKPC from
McKay et al. (2016)).15 I follow McKay and Reis (2016) and Krueger et al. (2016)
and standardize the value of liquidity constraint b̄ to 0. Without loss of generality,
steady state inflation Π is standardized to unity. Calibrated parameter values of σ,
ŝ, µ, φẑ, σ2

εz , σ2
ηẑ
, γ, φΠ, φ, b̄ are summarized in Table 1.

Matching the moments generated by the model with their empirical counterparts
allows for pinning down the remaining parameter values. First, to set β, I follow

15More precisely, McKay et al. (2016) use the price-setting protocol as in Calvo (1983). Hagedorn
et al. (2019a) set φ = 52 to replicate the slope of the NKPC in McKay et al. (2016) in the model
that uses the price-setting protocol as in Rotemberg (1982).
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McKay et al. (2016) and use steady state value of the annual real interest rate equal
to 2% as a calibration target. From the Fisher equation, from Π = 1, and from
the targeted level of real interest I set the value of parameter i in the Taylor rule.
Steady state value of real wage w is set to match unemployment rate U equal to
6%, where:

U ≡ 1−N.

As in Hagedorn and Manovskii (2008), parameter α characterizing the matching
process in the labor market is calibrated so that the quarterly vacancy filling rate in
the model (i.e., q) equals 97.6%. Parameter κ is chosen to match the ratio between
recruitment costs spent on each hired and the real wage reported by Silva and Toledo
(2009) (which equals 0.14 for quarterly labor earnings).16 As in McKay et al. (2016),
I set B = 1.4 ·4 ·N so that the supply of assets is equal to 140% of the annual GDP.
Tax rate τ is set to balance the government budget. Following Hagedorn et al.
(2019a), Ψ is such that steady state operating profits are equal to 0 (to meet the
evidence documented by Basu and Fernald (1997)). The OLS estimation based on
the quarterly US data from 1964 to 2006 (described in the Appendix) allows for
pinning down the value of ωΠ = 0.46 in equation (12).

5.2 Non-targeted moments: Model vs. Data

Let us now turn to the moments that are not targeted in the calibration exercise
and see how well the model fits those patterns.

More specifically, let us check to what extent the model is able to replicate the
shares of aggregate wealth held by the quintiles of population stratified according
to individual consumption and let us make analogous comparisons for disposable
income and net worth. Table 3 shows the results. It seems that the model can
successfully mimic the patterns associated with consumption and disposable income
at the beginning of the Great Recession (based on both PSID and SCF data as
reported by Krueger et al. (2016)). As for wealth heterogeneity - the Gini index is
too low because to guarantee the comparability of the HANK and RANK models
in the quantitative exercise I could not introduce heterogeneous discount factors β

16This calibration approach implies that the “as if” vacancy-posting costs can be compared
directly to physical payroll costs. This comparison can be rationalized with vacancy-posting costs
that enter linearly into the utility function of manager that runs a firm.
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Table 2: Parameters calibrated with the model
Parameter Description Value Target Value

β Discount factor 0.979 Annual real interest rate 0.02

i Steady state nominal

interest rate

0.02 Taylor rule in the steady state −

w Real wage in the steady

state

0.82 Unemployment rate 0.06

α Parameter associated with

function M

4.57 Quarterly vacancy filling rate of

97.6%

0.976

κ Vacancy posting cost 0.11 Ratio between recruitment costs

and wages as in Silva and Toledo

(2009)

0.14

B Aggregate supply of bonds 5.26 Liquid assets to annual GDP ratio

in McKay et al. (2016)

1.4

τ Tax rate in the stationary

equilibrium

0.06 Balanced budget of the government −

Tru Transfers to the

unemployed

0 Standardization −

Tre Transfers to the employed 0 Standardization −

Ψ Fixed cost 0.17 Profits in the stationary

equilibrium

0

ωΠ Wage-setting parameter 0.46 OLS estimate −
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Table 3: Non-targeted moments: consumption expenditures, disposable income,
distribution of wealth across population quintiles: model vs. data and the associated
Gini indices

Consumption Disposable income Wealth

Model PSID SCF Model PSID SCF Model PSID SCF

Q1 4.6 5.6 6.5 4.5 4.5 4.4 0.4 -0.9 -0.2
Q2 11.5 10.7 11.4 10.3 9.9 10.5 2.5 0.8 1.2
Q3 14.9 15.6 16.4 14.7 15.3 15.9 4.8 4.4 4.6
Q4 22.7 22.4 23.3 21.6 22.8 23.1 24.0 13.0 11.9
Q5 46.4 45.6 42.4 48.9 47.5 46.0 68.3 82.7 82.5
Gini 0.39 0.40 0.36 0.42 0.42 0.40 0.66 0.77 0.78

Notes: The PSID and SCF moments in the table are based on the estimates reported by Krueger et al. (2016).
Moments corresponding to Q1-Q5 are expressed in % and Gini indices are standardized to values between zero and
one.

that usually help to match this dimension of inequality.

As the propagation of monetary policy shocks crucially depends on households’
consumption responses, it is necessary that the model is able to replicate the con-
sumption behavior observed in the data. To check whether it is the case, I compare
the quarterly MPC to a transitory income shock of 500$ in the model with its em-
pirical estimates. More specifically, the former is equal to 0.06, which lies within
the range of values typically reported in the literature.17

6 Quantitative analysis

This section presents quantitative simulations to study the dependence of the FG
effectiveness on the unemployment level. To this end, I compare the responses of
consumption and other macroeconomic aggregates to FG shocks under two scenarios.
The first of them is referred to as “normal times” which assumes that monetary
policy announcements (both standard monetary policy and FG) affect the economy

17I refer to the estimates of a quarterly MPC documented in Parker (1999) which is equal to
0.2, in Souleles (1999), which lies between 0.045− 0.09, and in Parker et al. (2013), which ranges
from 0.12 to 0.3. An overview of various MPC estimates in the literature can be found in Carroll
et al. (2017).
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in the stationary equilibrium. The second scenario is called “crisis” under which
monetary policy shocks influence the economy plagued with a prolonged recession
featuring a considerable unemployment rate.

In what follows, I first describe the dynamics of the crisis in the quantitative
model. Second, I calculate interest rate elasticities of the current aggregate con-
sumption (for various horizons of monetary policy shocks) in HANK and RANK
under both scenarios. Third, I disaggregate the elasticities in HANK into model-
based channels to provide insights into mechanisms underlying the propagation of
FG shocks in both “normal times” and in the crisis. Finally, I identify the main
sources of the differences in elasticities between both scenarios. In particular, I
argue that they can be accounted for by both lower discounting driven by unem-
ployment fears and by compositional effects associated with a higher number of
unemployed workers in the crisis, which corroborates the findings from the THANK
model discussed in Section 4.

I consider transition paths under the assumption of perfect foresight equilibrium
to study the dynamics of crisis and to compute elasticities of aggregate consumption
with respect to interest rate shocks at different horizons. More specifically, it is
assumed that the economy is in stationary equilibrium until period t = 0. At t = 1
agents observe all shocks that affect the economy in the current period and in the
entire future (i.e. both monetary policy shocks and the shock that generates the
economic downturn) and adjust their choices accordingly in an optimal way. To
calculate the transition paths for HANK, I use a version of the Newton algorithm
analogous to the one applied by McKay et al. (2016).

6.1 Crisis

It is assumed that the crisis characterized by high unemployment is driven by nega-
tive demand shock. This assumption is motivated by results presented by Michaillat
and Saez (2015) who find that changes in unemployment are driven mostly by shifts
in aggregate demand. In particular, it is assumed that in period t = 1 discount
factor β rises and remains elevated at a constant level for the next 15 quarters and
it turns back to its steady state value afterwards. The increase in discount factor is
adjusted to engineer a spike in the unemployment rate of 15% in the period of the
shock’s arrival (i.e. in period t = 1).
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Figure 2: Transition paths following the positive discount factor shock, horizon of
monetary policy idleness equal to 16 quarters

It is assumed that public debt is constant over time (as in McKay et al. (2016)
and Farhi and Werning (2019)) and that both labor income tax rate τt and replace-
ment rate µt adjust to balance the government budget on the transition path. In
particular, it is assumed that their adjustment guarantees that Ye,t and Yu,t change
by the same proportion. As for monetary policy, it is assumed that it remains idle
until period t+s (i.e. that nominal rates are constant and equal to i until t+s) and
it is governed by the Taylor rule (see equation (10)) afterwards. This assumption
allows for applying the convention followed by Farhi and Werning (2019) when com-
puting the elasticities of aggregate consumption with respect to changes to nominal
interest rates for various horizons s of the monetary policy shock (see subsection
6.2). More specifically, this convention requires computing the transition describing
the crisis for all values s ∈ {0, 1, ..., smax} where smax = 15 (i.e. in total I consider
16 different shock horizons as in Farhi and Werning (2019)).

Figure 2 displays the impulse response functions of main economics aggregates
to the discount factor shock when monetary policy idleness is pinned down by
s = smax.18 The drop in aggregate consumption at t = 1 is slightly more pro-
nounced in HANK (amounts to 11.7%) than in RANK (it equals 11.1%). The rise
in unemployment is associated with a sharp drop in the job-finding rate that shrinks

18In the Appendix I display analogous responses for s = 0. It turns out that differences in the
aggregate output and consumption dynamics between them for s = 0 and s = smax are negligible.
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by 59 percentage points at t = 1. Due to both the assumed price stickiness and the
specification of the Taylor rule (which implies that changes to nominal rates are
governed solely by deviations of the gross inflation from its target), the adjustment
of real interest rates on the transition path is relatively small.

6.2 Aggregate consumption elasticities

This part compares the interest rate elasticities of aggregate consumption for both
“normal times” and the crisis. In particular, the elasticities are calculated for one-
time monetary policy shocks that influence baseline transitions (i.e. either the path
corresponding to “normal times” or the path that corresponds to the crisis) that oc-
cur at various horizons. More specifically, the least distant horizon s = 0 considered
here denotes a monetary policy shock that arrives in period t = 1 (i.e. a standard
monetary policy shock), and shocks labeled with s > 0 denote FG shocks. As men-
tioned in the previous section, the maximum horizon of the analyzed FG shocks is
smax. The size of the monetary policy shock is ∆i = −0.0025 which corresponds to
a one percentage point cut in it in annual terms.

As already mentioned, the conduct of monetary policy assumed when computing
the elasticity of aggregate consumption with respect to a monetary shock occurring
at horizon s is based on Farhi and Werning (2019): nominal rates it are constant
and equal to i for periods t < s+ 1, it = i+ ∆i in period t = s+ 1 and it follows the
Taylor rule afterwards (i.e. for t > s + 1). Fiscal policy adjustment to a monetary
policy shock involves an unchanged path of public debt (i.e. Bt = B for t > 0) and
changes to τt and µt that keep the ratio between Ye,t, and Yu,t at the constant level
over time.

More formally, the interest rate elasticity of output in the HANK model in period
t = 1 can be expressed as:19

εHANKt,s ≡ −1 + i

Ct
· dCt,s∆i

(21)

for the horizon of monetary policy shock equal to s. Note that Ct is aggregate
19An analogous definition can be formulated for the interest rate elasticity of inflation. It is

reported by McKay et al. (2016) and Farhi and Werning (2019). It is not analyzed in the main
text because my analysis focuses on aggregate demand. I report the values of interest rate elasticity
of inflation (denoted by ϑHANK

t,s ) in the Appendix.
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Figure 3: Aggregate consumption elasticities in general equilibrium in RANK and
HANK and two different unemployment levels

Notes: solid lines correspond to elasticities calculated for the so-called “normal times” ans dashed lines are associated
with elasticities computed for the crisis. Elasticities in the RANK model are marked with squares and elasticities
in the HANK model are marked with circles. GE stands for “general equilibrium”.

consumption in the baseline scenario (i.e. either in “normal times” or the crisis)
while dCt,s denotes the change in aggregate consumption in period t generated by
the monetary policy shock (featuring horizon s) with respect to the baseline (i.e. Ct).
As discussed in the previous subsection, the proper baseline scenario for studying
εHANKt,s involves a monetary policy that is idle until period t + s and is governed
by the Taylor rule afterwards. By εRANKt,s I denote an analogous expression that
corresponds to the RANK model which is nested in the analyzed HANK.20 Both
εHANKt,s and εRANKt,s are interpreted as measures of the monetary policy effectiveness.

Figure 3 displays the results.21 Note that in “normal times” the horizon effects
of monetary policy (captured by the slope of curves) are more pronounced in HANK
than in RANK. Given that both models feature the same supply blocks, this pattern
can be attributed solely to the differences in demand blocks in HANK and RANK.
The main of them, in turn, is the presence of uninsured unemployment risk in the

20Nested in the sense that the steady state values of all variables in RANK are the same as those
in the HANK model.

21The IRFs generated by monetary policy shocks (for various combinations of baseline scenarios
and monetary shocks’ horizons s) are presented in the Appendix. In particular, the IRFs corre-
sponding to aggregate consumption in period t = 1 are standardized differences dCt in formula
(21) - i.e. they are equal to 100 · dCt/Ct%.
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former model. This can be viewed as the counterpart of inequality M < β from
Section 4 (see point 1 in Proposition 5). Note that lower discounts in THANK im-
plied that partial equilibrium elasticities decay at a higher pace than in RANK (see
Corollaries 2 and 4). As Figure 3 shows, this holds also when THANK is extended
to HANK and when the general equilibrium effects are taken into account.2223

Let us now turn to the analysis of the dependence of the monetary policy ef-
fectiveness on the unemployment level. Elasticities calculated for the RANK model
displayed in Figure 3 imply that higher unemployment barely affects the transmis-
sion of both standard monetary policy shocks and FG shocks when markets are
complete. This contrasts with the pattern exhibited by the elasticities in HANK:
while the reaction of aggregate demand to a standard monetary policy shock is
larger during the crisis than in “normal times”, it becomes smaller for more distant
horizons of the announced changes to interest rates. In particular, the drop in the
effectiveness of monetary policy between s = 0 and s = smax is 35.3% larger in the
crisis. In other words, monetary policy announcements in HANK feature more pro-
nounced horizon effects when unemployment is high (i.e. the curve corresponding
to elasticities in HANK is steeper in the crisis than in “normal times”). This, in
turn, is in line with intuitions discussed in Section 4 where higher unemployment
accompanied by low job-finding rates led to lower discount factorsM (see Figure 1)
which were interpreted as the negative impact of unemployment fears on the ability
of the monetary policy announcements (about future interest rates cuts) to boost
current aggregate demand.

6.3 Decomposition of consumption elasticities in HANK

Given the difference between the horizon effects in “normal times” and the crisis
in HANK it is instructive to study the sources of this drop in the FG effectiveness
between s = 0 and s = smax in a more detailed way. To this end, I decompose the
interest rate elasticities of aggregate demand shown in Figure 3 into model-based
channels.

As we shall see, the decomposition exercise for HANK is closely related to the
decomposition in THANK presented in Proposition 3. The only substantial differ-

22I will elaborate more on the HANK counterpart ofM later.
23The neutral impact of the latter extension is not surprising because both models feature

identical supply sides.
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ence involves the emergence of the so-called interest income channel that was absent
in THANK due to the assumed zero liquidity. Similarly to THANK, it is instructive
to start with the formulation of the aggregate consumption function which, given
the formulation of the consumer problem (4), can be defined as follows:

Ct
(
{Γt+m}m≥0

)
≡
∫
ct
(
h, z, b; {Γt+m}m≥0

)
dπt (h, z, b) (22)

where:
Γt+m =

{
Rt+m, St+m, Yu,t+m, Ye,t+m, R̄t+m

}
.

Notice that in the model with positive liquidity real interest rates affect household
optimization through two channels. Like in the THANK model, the first works
through the intertemporal substitution and is captured with Rt+m. More formally,
one can think of Rt+m as the gross real interest rate that enters the Euler equation
associated with the optimal intertemporal consumption choice in period t+m− 1.
Second of them is related to the received interest income: i.e. R̄t+m is the real
interest rate that enters the household budget constraint. Note, that R̄t+m = Rt+m

in simulations in subsections 6.1 and 6.2. However, distinguishing between Rt+m and
R̄t+m becomes relevant in this part and is crucial later, when the HANK counterpart
of discount factorM in THANK is constructed (see subsection 6.5).

For convenience, let us by Γ−Xt+m denote a modification of vector Γt+m such that
the entry corresponding to variable X is missing. The contribution of the path of
variable X to the propagation of monetary policy shock captured with the change
in aggregate consumption in period t (i.e. change with respect to baseline scenario:
“normal times” or crisis) can be computed by replacing the path of variable X that
corresponds to the baseline (i.e. {Xt+m}m≥0) with path

{
X̂s
t+m

}
m≥0

corresponding
to the baseline equilibrium affected by a monetary policy shock at horizon s.24 The
associated change to aggregate consumption with respect to the baseline character-
ized with paths {Γt+m}m≥0 is:

dC
{X}
t,s = Ct

({
Γ−Xt+m

}
m≥0

,
{
X̂s
t+m

}
m≥0

)
− Ct

(
{Γt+m}m≥0

)
. (23)

By εXt,s I denote the partial effect of the change in the path of variable X on the value
24See Kaplan et al. (2018) for an analogous decomposition exercise for s = 0 and “normal times”

in a two-asset HANK.
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Figure 4: Decomposition of aggregate consumption elasticities for various fiscal
policy rules and different unemployment levels

Notes: Solid curve without marks in the left panel corresponds to the solid curve marked with circles in Figure 3.
The solid curve without marks in the right panel corresponds to the dashed curve marked with circles in Figure 3.
For each panel, all curves with marks add up to give the curve without marks.

of interest rate elasticity of consumption in period t with monetary policy shock of
horizon s which can be calculated by replacing dCt,s with dC{X}t,s in formula (21).

Figure 4 displays the partial effects of variables included in Γt+m on the interest
rate elasticity of consumption. Note that intertemporal substitution is the most
powerful channel influencing the reaction of aggregate consumption to monetary
policy shocks for all horizons s ∈ {0, 1, ..., smax} and for both baseline scenarios. Its
contribution to the value of the total interest elasticity of consumption for s = 0 in
“normal times” is 76% and in the crisis it equals 75%.25

The partial effect of path Ye is substantially larger than the one related to Yu
for both baseline scenarios and for all s ∈ {0, 1, ..., smax}. This can be explained
by compositional effects: the number of employed agents affected by changes to
Ye is substantially larger than those influenced by changes to Yu (this argument is

25Both numbers are considerably higher than the partial impact of returns on liquid assets on
current aggregate consumption reported by Kaplan et al. (2018) (also referred to as direct effects
in their paper) contributing to only 19% of the total reaction of household spending to a standard
monetary policy shock in “normal times”. This difference comes partially from the fact that
direct effects in Kaplan et al. (2018) correspond to the sum of both intertemporal substitution and
interest income channels in this paper (measured with εR

t,s and εR̄
t,s, respectively), which aggregated

contribute to 49% of the total interest elasticity of consumption for s = 0 in “normal times” (and
48% in the crisis) which is closer to the estimates by Kaplan et al. (2018).
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Figure 5: Differences in partial elasticities between crisis and “normal times”

Notes: Bars of a given color correspond to the difference between curves of the same color in Figure 4 (curve in the
right panel net off the curve in the left panel).

presented more formally in subsection 6.4).
For both scenarios, the contribution of the channel that operates through reduced

unemployment fears is increasing in s. This occurs because FG shocks induce a
prolonged drop in unemployment accompanied by elevated job-finding rates (see
the Appendix for figures displaying the relevant impulse responses). The length of
the period of higher job-finding rates, in turn, rises together with the horizon s and
so does the accumulated impact of reduced unemployment fears in the future on
current household spending.

To further explore the sources of differences in the FG transmission between “nor-
mal times” and crisis, Figure 5 plots the differences between partial effects analyzed
in Figure 4. It shows that the differences in three channels (in the unemployment
fears channel and income channels related to Yu and Ye) between crisis and “nor-
mal times” contribute most prominently to the difference in the total interest rate
elasticities of aggregate consumption between the two baseline scenarios denoted by
∆εHANKt,s (which is given by the difference between εHANKt,s in the crisis and εHANKt,s in
“normal times”). In particular, the average contribution of the change to the income
channel associated with Yu (denoted by ∆εYut,s and defined analogously to ∆εHANKt,s )
to the joint impact of all factors affecting ∆εHANKt,s for s ∈ {0, 1, ..., smax} amounts
to 46%, while the contributions of ∆εYet,s and ∆εSt,s (that are defined similarly to
∆εYut,s) are equal to 21% and 24%, respectively.26

26More precisely, the average contribution of ∆εYu
t,s to the joint impact of all factors affecting
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Moreover, note that while ∆εYut,s has a positive impact on the effectiveness of
monetary policy (both standard and FG) in the crisis, the influence of ∆εYet,s and
∆εSt,s tends to lower the effectiveness of monetary policy in the crisis for s > 0.
In other words, the fact that ∆εHANKt,s is positive for lower values of s are driven
primarily by the impact of the change in the income channel associated with Yu.
By contrast, negative values of ∆εHANKt,s for higher values of s can be attributed to
negative changes to the partial effects related to both Ye and unemployment fears.

Finally, note that the joint contribution of ∆εRt,s and ∆εR̄t,s is rather small (it is
equal to 9%). Thus, in what follows, I skip their detailed analysis and I concentrate
on the determinants of ∆εYut,s , ∆εYet,s, and ∆εSt,s.

6.4 The determinants of changes to income channels related
to Yu and Ye between the crisis and “normal times”

As mentioned, the change to the income channel related to Yu is the most important
factor affecting the difference in consumption elasticities between “normal times”
and the crisis. To understand the main determinants of ∆εYut,s , it is useful to re-
express the partial effect of change in the path of Yu on aggregate consumption in
period t = 1 (denoted by dC{Yu}t,s - see formula 23) as:

dC
{Yu}
t,s =

+∞∑
m=0

iMPCYu
t,m · Ut+m · dY s

u,t+m. (24)

Note that it is important to investigate dC{Yu}t,s because, as explained above, its value
is crucial for obtaining the value of εYut,s displayed in Figure 4 and the value of ∆εYut,s
displayed in Figure 5. By dY s

u,t+m I denote difference Ŷ s
u,t+m − Yu,t+m (i.e. dY s

u,t+m

is a deviation of the income of the unemployed from the baseline value that can
be attributed to the effects of a monetary policy shock featuring horizon s) and
iMPCYu

t,m is the average intertemporal marginal propensity to consume in period t
with respect to additional income received by all unemployed households in period

∆εHANK
t,s for s ∈ {0, 1, ..., smax} is the average share of the bar that corresponds to ∆εYu

t,s in the
sum of all bars for period s ∈ {0, 1, ..., smax} (see Figure 5).
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t+m, which is defined as:27

iMPCYu
t,m ≡

Ct

({
Γ−Yut+m, Yu,t+m + 1{t+m} · dY s

u,t+m

}
m≥0

)
− Ct

(
{Γt+m}m≥0

)
Û s
t+m · dY s

u,t+m

where 1{t+m} is the indicator function that equals one in period t+m and it is equal
to zero otherwise. In other words, iMPCYu

t,m measures the share of the total income
received by unemployed households in period t + m that is spent by all consumers
in period t. Thus, iMPCYu

t,m can be interpreted as an analog of the intertemporal
marginal propensity to consume defined by Auclert et al. (2018) (which describes
the reaction of aggregate demand to a rise in income received by all households)
that is constrained solely to the income received by the unemployed.28 Moreover,
as argued in the Appendix, the value of iMPCYu

t,m for m = 0 equals to the average
MPC of the unemployed agents.29

Figure 6 displays the determinants of dC{Yu}t,s (and thus of εYut,s) characterized with
equation (6) for both “normal times” and the crisis. The left panel shows the iMPCs
associated with Yu that are calculated for an average increase in income received
by the unemployed that equals 500$. Notice that crisis leads to a drop in iMPC
values with the maximum value of this decrease equal to 19.8% (when compared to
“normal times”). This negative impact of falling iMPCs on dC{Yu}t,s during the crisis
is outweighed by the positive influence of the compositional effect (see the middle
panel of Figure 6): crisis leads to a large increase in the number of idle workers (by
150% at the peak), which, in turn, positively affects the difference in dC{Yu}t,s between
the crisis and “normal times”. The right panel of Figure 6 shows that dC{Yu}t,s is barely

27Note that formula (24) follows because:

Ûs
t+m · dY s

u,t+m =
(
Us

t+m + dUs
t+m

)
· dY s

u,t+m

and because dUs
t+m ·dY s

u,t+m = 0 when we totally differentiate the expression and take into account
only first order terms associated with the Taylor expansion.

28Note that, as such, the value iMPCYu
t,m depends on the scheme through which the additional

income received by the unemployed in period t+m is redistributed. This is also the case in Auclert
et al. (2018) who assume that changes to aggregate income are redistributed proportionally to zit

(which denotes the real after-tax income of agent i in period t in their article). In my paper it is
assumed that changes to income received by the unemployed used for constructing iMPCYu

t,m are
proportional to individual productivity levels which is consistent with the fiscal rule applied by the
government in the conducted quantitative exercises.

29I.e. the MPC calculated for a rise in income that is proportional to individual productivities
of idle workers (to preserve the consistency with the fiscal policy rule applied in my simulations).
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Figure 6: Decomposition of the income channel related to Yu based on equation (24)

Notes: Solid curves correspond to “normal times” and the dashed ones to the crisis. Period t is equal to 1 and
corresponds to the moment when agents learn the paths of demand and monetary policy shocks (both current and
the future) in the perfect foresight equilibrium.

affected by the differences in the paths of dY s
u,t+m between the crisis and “normal

times”. This conclusion holds for both standard monetary policy shocks and FG
shocks (note that in the right panel of Figure 6 I consider paths corresponding to
horizons s = 0 and s = 8). All this implies that the positive impact of changes to
dC
{Yu}
t,s in the crisis on the effectiveness of monetary policy (captured with positive

values of ∆εYut,s in Figure 5) is driven mainly by the compositional effect associated
with the higher number of unemployed households.

The analogous analysis can be conducted for changes to the partial effects of
income Ye on aggregate consumption in period t. In particular, note that dC{Ye}t,s

(defined by formula 23) can be decomposed as:

dC
{Ye}
t,s =

+∞∑
m=0

iMPCYe
t,m ·Nt+m · dY s

e,t+m. (25)

Figure 7 shows the decomposition described by equation (25). Similarly to the
iMPCs related to Yu, the values of iMPCYe

t,m (i.e. iMPCs of all households in period
t with respect to additional income received by the employed at t+m) are negatively
affected by the crisis (with the maximum drop of 13% when compared to “normal
times”). Moreover, note that the values of iMPCYu

t,m are on average larger than the
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Figure 7: Decomposition of the income channel related to Ye based on equation (25)

Notes: Solid curves correspond to “normal times” and the dashed ones to the crisis. Period t is equal to 1 and
corresponds to the moment when agents learn the paths of demand and monetary policy shocks (both current and
the future) in the perfect foresight equilibrium.

iMPCs associated with Ye - more specifically, they are on average 2.6 times higher
in “normal times” and 2.8 times higher in the crisis, which reflects the increase in
the difference in the consumption behavior between unemployed households and the
employed during the downturn. By contrast to the analysis of dC{Yu}t,s , the impact
of the compositional effects on dC{Ye}t,s in the crisis is negative (see the middle panel
of Figure 7). This, together with a drop of iMPCs in the crisis implies that the
difference in dC

{Ye}
t,s between the crisis and “normal times” is negative (and so is

the value of ∆εYet,s displayed in Figure 5). Finally, and similarly to the analysis
of dC{Yu}t,s , changes to income dY s

e,t+m generated by the monetary policy shock at
horizon s barely differ between “normal times” and the crisis.

6.5 The determinants of changes to the unemployment
fears channel between the crisis and “normal times”

Let us now turn to the determinants of ∆εSt,s. Note that the impact of ∆εSt,s on
the change to the monetary policy effectiveness in the recession (i.e. on ∆εHANKt,s )
is small but positive for s = 0, it becomes negative for s > 0 and it decreases
monotonically with s (see Figure 5). In what follows, I argue that the weakening
of the stimulating power of monetary policy in the crisis (that operates through the
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change to the unemployment fears channel) can be attributed to the mechanism that
is analogous to the decreasing relationship between unemployment and the value of
M in THANK (see Figure 1).

To this end, let us first construct the HANK analog of discount factor M in
THANK. Observe that, using Corollary 4, the value ofM can be expressed as:

M =
εTHANKt,s+1

εTHANKt,s

.

i.e., it is the ratio of the partial equilibrium elasticities of aggregate consumption
with respect to real interest rate shock in period t+s+1 and period t+s, respectively.
Note, that the notion of the interest rate elasticity in THANK pertains solely to the
intertemporal substitution channel because the interest income channel is shut off
due to the zero-liquidity assumption. Moreover, observe that formulas in Proposition
3 and Corollary 4 are derived in the neighborhood of the stationary equilibrium (i.e.
in “normal times”). All this means that an adequate analog of M in the HANK
model is:

εHANK,PEt,s+1

εHANK,PEt,s

(26)

where

εHANK,PEt,s ≡ −R
C
·

Ct
({

Γ−Rt+m, R + 1{m=s} ·∆R

}
m≥0

)
− C

∆R

 (27)

and where ∆R < 0, s > 0, and 1{m=s} is an infinite vector of zeros with unity in
the sth entry. Moreover, it is assumed that variables in vector Γ−Rt+m are evaluated
at their stationary equilibrium values (i.e. they are related to “normal times”).

To put it differently, εHANK,PEt,s measures the elasticity of aggregate consumption
in HANK with respect to a one-time cut of real interest rate of size ∆R that occurs in
period t+ s and works solely through the intertemporal substitution channel. Note
that constructing this analog of M is possible because we distinguished between
rates R and R̄ when formulating the aggregate consumption function in the equation
(22).

The left panel of Figure 8 compares the discount factor in HANK described by
formula (26) to its RANK counterpart equal to β. Moreover, to further articulate
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Figure 8: Discounting and the impact of future general equilibrium effects on current
consumption in RANK and HANK

Notes: Left panel is based on formulas (26) and (28) and Corollary 2. PE stands for “partial equilibrium” and
conditions ht = e, bt+1 > −b̄ describe employed and unconstrained agents. HS stands for “hypothetical scenario”.
Middle panel describes the difference of expressions described by formula 29. Right panel plots the bars from Figure
5 that correspond to the change in the unemployment fears channel.

the analogy between HANK and THANK, I plot a version of the ratio in equation
(26) calculated for the group of employed and unconstrained agents because this is
exactly the type of consumers that drive the partial equilibrium elasticity of con-
sumption with respect to future real interest rates in THANK (see Proposition 3).
Importantly, it can be seen that the elasticity ratio in HANK is almost identical to
the analogous magnitude that corresponds to employed and unconstrained house-
holds in that model, which further strengthens the relationship between THANK
and HANK.

Note that the value of the expression (26) is always lower than β which is anal-
ogous to inequalityM < β in Proposition 5. This indicates that uninsured unem-
ployment risk decreases the responsiveness of the current aggregate demand to the
effects of FG shocks. To show that this effect becomes even more pronounced in the
crisis, I compute the value of the expression (26) in a hypothetical scenario under
which the steady state value of effective separation rate in vector Γ−Rt+m (see equation
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(27)) is replaced with the value that corresponds to the crisis:30

εHANK,PE,HSt,s+1

εHANK,PE,HSt,s

. (28)

Indeed, as displayed in the left panel of Figure 8, discount factors defined by formula
(28) are lower than the values corresponding to “normal times”.

To capture the discounting of the FG effects from the perspective of period t, it
is useful to define cumulative discount factors ΥUstst

s and ΥUhigh
s that are associated

with “normal times” and the crisis, respectively. More specifically, they are products
of expressions (26) and (28) and are given by:

ΥUstst
s =

s∏
m=1

εHANK,PEt,m

εHANK,PEt,m−1
, ΥUhigh

s =
s∏

m=1

εHANK,PE,HSt,m

εHANK,PE,HSt,m−1
. (29)

The difference between ΥUhigh
s and ΥUstst

s describes the impact of the economic down-
turn on the responsiveness of consumption in period t to the macroeconomic effects
of FG in period t + s. In other words, ΥUhigh

s − ΥUstst
s captures the change in dis-

counting caused by high unemployment. As shown in the middle panel of Figure
8, crisis leads to lower discounting which, given the definition of the hypothetical
scenario, can be interpreted as the effect of a rise in unemployment fears.

Additionally, it can be seen that ΥUhigh
s − ΥUstst

s bears a striking resemblance
to ∆εSt,s (the latter is displayed in the right panel of Figure 8). This suggests
that unemployment fears driven by the crisis lead to the weakening of the channel
described with partial elasticity εSt,s through which the signals about future job
creation (spurred by FG) affect current consumption choices.

7 Conclusions

This paper studies the dependence of the effectiveness of FG on the level of economic
slack. To analyze the problem I use the standard HANK model extended to capture
the frictional labor market. In the first part of the analysis, I study a simplified
version of the model featuring zero liquidity and I find that uninsured unemployment

30Naturally, this requires replacing C in formula 27 with the value of aggregate consumption
that takes into account the described change in effective separations.
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risk weakens the impact of FG shocks on current household spending. Moreover, I
show that this influence becomes even weaker during a crisis characterized by high
unemployment. The results from the model with zero liquidity provide an organizing
framework for exploring the FG effects in the HANK model with a non-degenerate
distribution of assets.

In the second part of my analysis, I use the quantitative model to compare the
effects of monetary policy shocks (both standard and FG shocks) in “normal times”
and in the recession featuring unemployment rates of 6% and 15%, respectively. I
find that the interest rate elasticity of aggregate consumption exhibits substantial
horizon effects, which become even more pronounced in the crisis. More specifically,
I find that the decrease in the interest rate elasticity of aggregate consumption
between the standard monetary policy shock and the horizon of the interest rate
shock equal to 15 quarters is 35.3% larger in the economic downturn than in “normal
times”. This translates into lower effectiveness of FG for more distant shocks in the
crisis.

To further explore the steepening of the horizon curve in the crisis, I decompose
the interest rate elasticity of consumption in HANK into channels based on the
analysis of the zero-liquidity model. I find that the rise in the interest rate elasticity
of consumption during the crisis for short horizons of the FG shock (and for the
standard monetary policy shock) can be explained by the increase in the number of
unemployed workers in the crisis who feature higher levels of MPC, which strength-
ens their response to monetary policy shocks. On the other hand, the drop in the
interest rate elasticity of consumption during the crisis for more distant FG shocks
happens because current unemployment fears weaken the positive impact of the
signals about future job-creation (spurred by future interest rate cuts) on current
consumption.
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Appendix

Wage rule: derivation and estimation

The assumption At = A = 1 is applied to reformulate the wage rule from Den Haan
et al. (2018) (w̃t is nominal wage and ωA, ω0 are parameters):

w̃t = ω0 ·
(
At
A

)ωA
· A ·

(
Pt
P t

)ωΠ

· P t = ω0 ·
(
Pt
P t

)ωΠ

· P t

Rewriting:

w̃t = ω0 ·
(
Pt
P t

)ωΠ

· P t = ω0 ·
(
P0 · Π1 · Π2 · ... · Πt

P0 · Π̄t

)ωΠ

· P0 · Π̄t

= ω0 ·
(
P0 · Π1 · Π2 · ... · Πt−1

P0 · Π̄t−1

)ωΠ

· P0 · Π̄t−1 ·
(

Πt

Π̄

)ωΠ

· Π̄

= w̃t−1 ·
(

Πt

Π̄

)ωΠ

· Π̄

which in the analyzed stationary equilibrium in which Π̄ = 1 gives:

w̃t = w̃t−1 · (Πt)ωΠ

which divided by Pt yields:

w̃t
Pt

= w̃t−1

Pt
· Pt−1

Pt−1
· (Πt)ωΠ ⇐⇒ wt = wt−1 · (Πt)ωΠ−1

which is equation (12).
To estimate parameter ωΠ I reformulate the equivalent equation which is dis-

played above:
w̃t = w̃t−1 · (Πt)ωΠ

=⇒ log w̃t − log w̃t−1 = ωΠ ·
(
log Πt − log Π̄

)
I use the OLS to estimate the value of ωΠ. The series used in the estimation are:
Average Hourly Earnings of Production and Nonsupervisory Employees from 1964
to 2006, (quarterly, S.A.) and Consumer Price Index for All Urban Consumers (All
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Items in U.S. City Average, 1964-2006, quarterly, S.A.) and Π̄ is the average CPI
inflation in years 1964-2006.

Proof of Proposition 1

Proof. First note that, under perfect foresight, in the model with representative
agent, Bellman equation can be reformulated as follows:

Vt (bt) = max
CRAt , bt+1

{
u
(
CRA
t

)
+ β · Vt+1 (bt+1)

}

CRA
t + bt+1 = Rt · bt + Yt −Ψ

where I used the definition of firm’s profit (7), dt = τd,t, zero aggregate liquidity
Bt and the government budget constraint (11) to replace disposable incomes of
households in the household budget constraint given by:

(1− τt) · wt ·Nt + µt · wt · (1−Nt)

with aggregate income Yt−Ψ. Note that this step would not be possible in the model
with elastic labor supply. This shows that the only variables affecting household’s
decisions in the model are real interest rates and output.

I start by deriving a condition that summarizes the impact of infinitesimal
changes {dRm, dYm}+∞

m=−∞ on saving choice bt+1 of agent in period t. Next, I use that
equation to derive the formula that characterizes the impact of {dRt+m, dYt+m}m≥0

on bt+1 and, in turn, on CRA
t which results in formula for dCRA

t in Proposition 1.
Note that {dRm, dYm}+∞

m=−∞ implies that the corresponding deviations of saving
choices dbt, dbt+1 and dbt+2 from the optimal plan in stationary equilibrium must
satisfy the following optimality condition (i.e. the Euler equation in period t):

u′ ((R + dRt) · (b+ dbt) + Y + dYt − b− dbt+1)

= β · (R + dRt+1) · u′ ((R + dRt+1) · (b+ dbt+1) + Yt+1 + dYt+1 − b− dbt+2) .

Note that in general equilibrium, such deviations of optimal saving choices are ab-
sorbed with shifts of aggregate variables (in particular with real interest rates).
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Applying the Taylor expansion to the equation above yields:

u′′
(
CRA

)
· (R · dbt + dYt − dbt+1) = β · dRt+1 · u′

(
CRA

)
+β ·R · u′′

(
CRA

)
· (R · dbt+1 + dYt+1 − dbt+2)

where I used the fact that b = 0. Both β · R = 1 (that holds in the model with
complete) markets and the fact that:

u′
(
CRA

)
u′′ (CRA) =

u′
(
CRA

)
· CRA · (−1)

u′′ (CRA) · CRA · (−1) = −C
RA

σ

allows to reformulate the linearized Euler equation as:

dbt+2 + (−1−R) · dbt+1 +R · dbt = Dt+1

where:

Dt+1 ≡ −
β · CRA

σ
· dRt+1 + dYt+1 − dYt.

Shifting the indices yields:

dbt+1 + (−1−R) · dbt +R · dbt−1 = Dt

which, using the lag operator L can be rewritten as:

(
1 + (−1−R) · L+R · L2

)
· dbt+1 = Dt

Following the standard textbook methods we seek for the following factorization:31

1 + (−1−R) · L+R · L2 = (1− λ1 · L) · (1− λ2 · L)

= 1− (λ1 + λ2) · L+ λ1 · λ2 · L2

31See, e.g., the textbook by T. Sargent, Macroeconomic Theory, Academic Press, 1987, Second
Edition, p. 183-184.
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which implies that: 1 +R = λ1 + λ2

R = λ1 · λ2

and gives the following quadratic equation, which pins down the value(s) λ1 (which
by the symmetry of the system above are equal to the values of λ2 so with a slight
abuse of notation I denote those values by λ1 and λ2):

ψ (λ1) = λ2
1 + (−1−R) · λ1 +R

WLOG, the roots are: λ1 = 1

λ2 = R > 1

which allows for rewriting the second-order difference equation for dbt+1 as:

(1− L) · (1−R · L) · dbt+1 = Dt.

Now the root that exceeds unity (i.e. R) is applied to solve the equation above
forward:

(1− L) · dbt+1 = Dt

1−R · L + c̃ ·Rt

where c̃ is a constant that describes the general solution of the difference equation
and it appears in the equation above because:

(1−R · L) · c̃ ·Rt = c̃ ·Rt −R · L · c̃ ·Rt

= c̃ ·Rt −R · c̃ ·Rt−1 = 0.

To get a bounded solution of the difference equation I impose c̃ = 0 and rewrite:

(1− L) · dbt+1 = Dt

1−R · L

⇔ (1− L) · dbt+1 = − (R · L)−1 ·Dt

1− (R · L)−1

⇔ (1− L) · dbt+1 = −
+∞∑
m=1

Dt+m

Rm
.
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Let us now use this general solution to obtain the condition describing the impact of
{dRt+m, dYt+m}m≥0 on bt+1. To this end, note that after applying Taylor expansion
to the household budget constraint in period t we obtain:

dCRA
t + dbt+1 = R · dbt + dYt

and given that asset holdings at the beginning of period t are pre-determined we
have dbt = 0. Therefore:

dbt+1 = dYt − dCRA
t

which together with the definition of Dt allows to transform the general solution to
get:

dCRA
t − dYt =

+∞∑
m=1

1
Rm
·
(
−β · C

RA

σ
· dRt+m

)

+
+∞∑
m=1

1
Rm
· dYt+m −

+∞∑
m=1

1
Rm
· dYt+m−1

⇔ dCRA
t =

+∞∑
m=1

1
Rm
·
(
−β · C

RA

σ
· dRt+m

)
+

+∞∑
m=0

1
Rm
·
(

1− 1
R

)
· dYt+m.

Given that in the model with complete insurance markets β ·R = 1 and thus R = 1/β
we get:

dCRA
t = −

+∞∑
m=1

βm · β · C
RA

σ
· dRt+m +

+∞∑
m=0

βm · (1− β) · dYt+m

and finally:

dCRA
t =

∞∑
m=1

βm ·
[
−β · C

RA

σ
· dRt+m + 1− β

β
· dYt+m−1

]

which completes the proof.

Proof of Proposition 3

Proof. Analogously to the proof of Proposition 1, I begin with the derivation of a
condition that summarizes the impact of infinitesimal changes {dRm, dSm, dYu,m, dYe,m}+∞

m=−∞

on saving choice bt+1 of employed agent in period t. Note that I suppress the de-
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pendence of bt+1 on argument e - it is done to economize on notation and it is also
justified because employed agents are the only who make non-trivial consumption-
saving choices in the THANK model.

Next, I use that equation to derive the formula that characterizes the impact of
{dRm, dSm, dYu,m, dYe,m}m≥0 on bt+1 and, in turn, on ct (e) which results in formula
for dct (e) in Proposition 3. Finally, I aggregate the consumption responses of the
employed and the unemployed to get the formula for dCt.

Note that{dRm, dSm, dYu,m, dYe,m}+∞
m=−∞ implies that the corresponding devia-

tions of saving choices dbt, dbt+1 and dbt+2 from the optimal plan in stationary
equilibrium must satisfy the following optimality condition (i.e. the Euler equation
in period t for employed household):

u′ ((R + dRt) · (b+ dbt) + Ye + dYe,t − b− dbt+1)

= β · (R + dRt+1) · (1− (S + dSt+1))

·u′ ((R + dRt+1) · (b+ dbt+1) + Ye,t+1 + dYe,t+1 − b− dbt+2)

+β · (R + dRt+1) · (S + dSt+1)

·u′ ((R + dRt+1) · (b+ dbt+1) + Yu,t+1 + dYu,t+1)

Note that in general equilibrium, such deviations of optimal saving choices are ab-
sorbed with shifts of aggregate variables (in particular with real interest rates).
Applying the Taylor expansion to the equation above yields:

u′′ (c (e)) · (R · dbt + dYe,t − dbt+1)

= β · [(1− S) · u′ (c (e)) + S · u′ (c (u))] · dRt+1

−β ·R · [u′ (c (e))− u′ (c (u))] · dSt+1

+β ·R · (1− S) · u′′ (c (e)) · (R · dbt+1 + dYe,t+1 − dbt+2)

+β ·R · S · u′′ (c (u)) · (R · dbt+1 + dYu,t+1)

where I used the fact that b = 0. Now I make several useful observations. First,
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note that:
β ·R · [u′ (c (e))− u′ (c (u))]

u′′ (c (e))

= β ·R · [−S · u′ (c (e)) + S · u′ (c (u))]
−S · u′′ (c (e))

= β ·R · [(1− S) · u′ (c (e)) + S · u′ (c (u))− u′ (c (e))]
−S · u′′ (c (e))

= u′ (c (e)) · (1− β ·R)
−S · u′′ (c (e)) = u′ (c (e)) · (1− β ·R) · c (e)

−S · u′′ (c (e)) · c (e)

= (1− β ·R) · c (e)
S · σ

where I used the steady state version of the Euler equation. Second, observe that:

β · [(1− S) · u′ (c (e)) + S · u′ (c (u))]
u′′ (c (e))

= β ·R · [(1− S) · u′ (c (e)) + S · u′ (c (u))]
R · u′′ (c (e))

= u′ (c (e))
R · u′′ (c (e)) = −u′ (c (e)) · c (e)

−R · u′′ (c (e)) · c (e) = − c (e)
σ ·R

where, again, I used the steady state version of the Euler equation. Third, notice
that:

β ·R2 · (1− S) · u′′ (c (e)) + β ·R2 · S · u′′ (c (u))
u′′ (c (e))

= β ·R2 · (1− S) + β ·R2 · S · ω−σ−1

= β ·R2 ·
(
1− S + S · ω−σ−1

)
.

These three observations together with shifting the time indices backwards allows
us for rewriting (after simple algebra) the linearized Euler equation as:

dbt+1 −
(
1 + β ·R2 ·

(
1− S + S · ω−σ−1

))
· 1
β ·R · (1− S)dbt

+ 1
β · (1− S) · dbt−1 = Dt
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where:
Dt ≡

1
β ·R · (1− S) ·

(
− c (e)
σ ·R

· dRt −
(1− β ·R) · c (e)

S · σ
· dSt

β ·R ·
[
(1− S) · dYe,t + S · ω−σ−1 · dYu,t

]
− dYe,t−1

)
.

which, using the lag operator L can be rewritten as:(
1−

(
1 + β ·R2 ·

(
1− S + S · ω−σ−1

))
· 1
β ·R · (1− S) · L

+ 1
β · (1− S) · L

2
)
· dbt+1 = Dt

Following the standard textbook methods we seek for the following factorization:32

1−
(
1 + β ·R2 ·

(
1− S + S · ω−σ−1

))
· 1
β ·R · (1− S) · L+ 1

β · (1− S) · L
2

= (1− λ1 · L) · (1− λ2 · L)

= 1− (λ1 + λ2) · L+ λ1 · λ2 · L2

which implies that:
(1 + β ·R2 · (1− S + S · ω−σ−1)) · 1

β·R·(1−S) = λ1 + λ2

1
β·(1−S) = λ1 · λ2

and gives the following quadratic equation, which pins down the value(s) λ1 (which
by the symmetry of the system above are equal to the values of λ2 so with a slight
abuse of notation I denote those values by λ1 and λ2):

ψ (λ1) = λ2
1 −

(
1 + β ·R2 ·

(
1− S + S · ω−σ−1

))
· 1
β ·R · (1− S) · λ1 + 1

β · (1− S)

Note that:
ψ (0) = 1

β · (1− S) > 0

32See, e.g., the textbook by T. Sargent, Macroeconomic Theory, Academic Press, 1987, Second
Edition, p. 183-184.
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and that:

ψ (1) = −
(
1 + β ·R2 ·

(
1− S + S · ω−σ−1

))
· 1
β ·R · (1− S) + 1

β · (1− S)

= 1
β · (1− S) ·

[
1− 1 + β ·R2 · (1− S + S · ω−σ−1)

R

]
.

I will now argue that ψ (1) is negative. To this end, observe that:

1 + β ·R2 · (1− S + S · ω−σ−1)
R

= 1
R

+ β ·R ·
(
1− S + S · ω−σ−1

)
= β ·

(
1− S + S · ω−σ

)
+ 1− S + S · ω−σ−1

1− S + S · ω−σ

> β ·
(
1− S + S · ω−σ

)
+ 1− S + S · ω−σ

1− S + S · ω−σ

= β ·
(
1− S + S · ω−σ

)
+ 1 > 1

where I used the fact that ω−σ−1 > ω−σ, ω−σ > 1 (both follow because ω ∈ (0, 1))
and I used the steady state formula for R which is:

R = 1
β · (1− S + S · ω−σ) .

All this means that ψ (1) < 0 and ψ (0) > 0 which implies that ψ has only one root
between (0, 1) and that the other root is larger than unity (both are true because ψ
is quadratic and convex). WLOG (and, as mentioned by symmetry between λ1 and
λ2) we denote the lower root by λ1 and the larger by λ2:λ1 = 1

2 ·
(
(1 + β ·R2 · (1− S + S · ω−σ−1)) · 1

β·R·(1−S) −
√

∆
)

λ2 = 1
2 ·
(
(1 + β ·R2 · (1− S + S · ω−σ−1)) · 1

β·R·(1−S) +
√

∆
)

where:

∆ =
[(

1 + β ·R2 ·
(
1− S + S · ω−σ−1

))
· 1
β ·R · (1− S)

]2

− 4 · 1
β · (1− S) .
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Importantly, as the stationary level of R can be expressed as function of ω and S,
then so can be λ1 and λ2: λ1 = λ1 (ω, S)

λ2 = λ2 (ω, S)

which will be used later.
Now the root that exceeds unity (i.e. λ2) is applied to solve the equation above

forward:
(1− λ1 · L) · dbt+1 = Dt

1− λ2 · L
+ c̃ ·Rt

where c̃ is a constant that describes the general solution of the difference equation
and it appears in the equation above because:

(1−R · L) · c̃ ·Rt = c̃ ·Rt −R · L · c̃ ·Rt

= c̃ ·Rt −R · c̃ ·Rt−1 = 0.

To get a bounded solution of the difference equation I impose c̃ = 0 and rewrite:

(1− λ1 · L) · dbt+1 = Dt

1− λ2 · L

⇔ (1− λ1 · L) · dbt+1 = − (λ2 · L)−1 ·Dt

1− (λ2 · L)−1

⇔ (1− λ1 · L) · dbt+1 = −
+∞∑
m=1

Dt+m

λm2
.

Let us now use this general solution to obtain the condition describing the impact
of {dRm, dSm, dYu,m, dYe,m}m≥0 on bt+1. To this end, note that after applying the
Taylor expansion to the household budget constraint in period t we obtain:

dct (e) + dbt+1 = R · dbt + dYe,t

and given that asset holdings at the beginning of period t are pre-determined we
have dbt = 0. Therefore:

dbt+1 = dYe,t − dct (e)

which together with the definition of Dt allows to transform the general solution to
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get:

dct (e)− dYe,t =
+∞∑
m=1

Dt+m

λm2

⇔

dct (e) = 1
β ·R · (1− S) ·

∞∑
m=1
Mm ·

[
− c (e)
R · σ

· dRt+m −
(1− β ·R)

σ · S
· dSt+m

+β ·R · S
ωσ+1 · dYu,t+m + β ·R · (1− S)−M

M
· dYe,t+m−1

]
where:

M≡ 1
λ2

andM∈ (0, 1) as λ2 > 1. And because λ2 = λ2 (ω, S) thenM can be expressed as
an analytical functionM =M (ω, S).

Proof of Proposition 5

Proof. Proof of point 3) is in fact included in the Proof of Proposition 3. Let us
turn to points 1) and 2). Consider first the case when S ∈ (0, 1) and ω ∈ (0, 1).
From the proof of Proposition 3 we know that:

M = 1
λ2
.

This implies that to show that M < β it suffices to show that λ2 > 1/β. This,
in turn, will be certainly true if the value of polynominal ψ from the proof of
Proposition 3:

ψ (λ) = λ2 −
(
1 + β ·R2 ·

(
1− S + S · ω−σ−1

))
· 1
β ·R · (1− S) · λ+ 1

β · (1− S)

evaluated at 1/β is negative (this is because ψ is a convex function and because λ2

is the larger of its two roots). Now:

ψ

(
1
β

)
=
(

1
β

)2

−
(
1 + β ·R2 ·

(
1− S + S · ω−σ−1

))
· 1
β ·R · (1− S) ·

1
β

+ 1
β · (1− S) < 0

⇔

60



R · (1− S)− (1 + β ·R2 · (1− S + S · ω−σ−1)) + β ·R
β2 ·R · (1− S) < 0

⇔
R · (1− S)− β ·R2 · (1− S + S · ω−σ−1) + β ·R− 1

β2 ·R · (1− S) < 0.

Second difference in the numerator is negative because: β · R < 1 when markets in
the model are incomplete (i.e. S ∈ (0, 1) and ω ∈ (0, 1)). First difference in the
numerator is negative because:

R · (1− S) < β ·R2 ·
(
1− S + S · ω−σ−1

)
⇔

1− S < 1− S + S · ω−σ−1

1− S + S · ω−σ

where I used the Euler equation (see formula 17) in the stationary equilibrium to
substitute for R. The inequality above holds because S ∈ (0, 1) (i.e. the LHS is lower
than unity) and because ω ∈ (0, 1) (which implies that the RHS is strictly larger
than unity). This completes the proof for the case when S ∈ (0, 1) and ω ∈ (0, 1).

Let us now turn to the model with complete markets (i.e. when S = 0 and ω = 1
or, alternatively, when S = 0 and π0 (e) = 1), which implies that β ·R. Given that,
the formula for λ2 presented in proof of Proposition 3 can be reformulated in the
following way:

λ2 = 1
2 ·
(

1 +R +
√

(1 +R)2 − 4
β

)

= 1
2 ·
(

1 +R +
√

(1 +R)2 − 4 ·R
β ·R

)

= 1
2 ·
(

1 +R +
√

(1−R)2
)

= 1
2 · (1 +R + |1−R|)

= 1
2 · 2 ·R = R = 1

β

where I used the fact that R = 1
β
> 1 when re-expressing the absolute value operator.

Given thatM = 1
λ2

the result immediately follows: M = β.
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Marginal propensity to consume in the model with complete
insurance markets

Suppose that economy is in stationary equilibrium and, unexpectedly, household
receives a rise in income dYt in period t. To sustain the optimality condition (i.e.
the Euler equation), the corresponding change to consumption (summarized with
the marginal propensity to consume MPC) must satisfy (note that R is unaffected
as only one, atomless household is affected by dYt):

u′
(
CRA +MPC · dYt

)
= β ·R · u′

(
CRA +MPC · (1−MPC) · dYt

)
.

Using the Taylor expansion and subtracting the steady state version of the Euler
equation from both sides yields:

u′′
(
CRA

)
·MPC · dYt = β ·R · u′′

(
CRA

)
·MPC · (1−MPC) · dYt

which coupled with the fact that in the model with complete markets β · R = 1
gives:

MPC = 1− β.

Derivation of formula (??)

Note that the partial equilibrium response of dCYe
t (aggregate consumption in period

t to changes in the income path of employed workers) can be rewritten as follows:

dCYe
t = Nt · dCe,Ye

t + (1−Nt) · dCu,Ye
t

where dCe,Ye
t (dCu,Ye

t ) is partial response of employed (unemployed) households.
Note that the compositional effect related to unemployment fears (analogous to
term (c (e)− c (u)) · dNt in 3) is automatically 0 as the partial effect of income (and
not unemployment fears) is studied. Using the definitions of iMPCs with respect to
income changes related to Ye yields:

CYe
t =

+∞∑
j=0

[
Nt · iMPCe,Ye

t,j + (1−Nt) · iMPCu,Ye
t,j

]
· dYe,t+j.

62



Using the fact that in this partial equilibrium experiment dYt+j = dYe,t+j and that,
from the aggregate resource constraint, dYt+j = dCt+j allows to rewrite the equation
above as:

CYe
t =

+∞∑
j=0

[
Nt · iMPCe,Ye

t,j + (1−Nt) · iMPCu,Ye
t,j

]
· dCt+j.

εHANK, Yet,s =
+∞∑
j=0

[
Nt · iMPCe,Ye

t,j + (1−Nt) · iMPCu,Ye
t,j

]
· Ct+j
Ct
· εHANKt+j,s−j

Impulse response function to demand shock: shortest possi-
ble horizon of monetary policy

Figure 9: Transition paths following the positive discount factor shock, horizon of
monetary policy idleness equal to 1 quarter
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Impulse response functions to monetary policy shocks around
baseline transition paths

Figure 10: IRFs around the steady state path, standard monetary policy shock

Figure 11: IRFs around the steady state path, FG shock with s = smax
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Figure 12: IRFs around the transition path related to the crisis, standard monetary
policy shock

Figure 13: IRFs around the transition path related to the crisis, FG shock with
s = smax
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Interest rate elasticity of inflation

Figure 14: Interest rate elasticity of inflation

Alternative interpretation of iMPCYu
t,m

As shown below, the value of iMPCYu
t,m for m = 0 equals to the average MPC of the

unemployed agents calculated for a rise in income that is proportional to individual
productivities of idle workers (i.e. the redistribution scheme implied by the fiscal
rule analyzed in my quantitative exercises).

Notice that:

iMPCYu
t,m ≡

Ct

({
Γ−Yut+m, Yu,t+m + 1{t+m} · dY s

u,t+m

}
m≥0

)
− Ct

(
{Γt+m}m≥0

)
Û s
t+m · dY s

u,t+m

=

∫
ct

(
h, z, b;

{
Γ−Yut+m, Yu,t+m + 1{t+m} · dY s

u,t+m

}
m≥0

)
dπt (h, z, b)

U s
t+m · dY s

u,t+m

−
∫
ct
(
h, z, b; {Γt+m}m≥0

)
dπt (h, z, b)

U s
t+m · dY s

u,t+m
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where I used the definition of aggregate consumption (equation (22)) and the fact
that:

Û s
t+m · dY s

u,t+m =
(
U s
t+m + dU s

t+m

)
· dY s

u,t+m

which follows because dU s
t+m · dY s

u,t+m = 0 when we totally differentiate taking into
account only first order terms associated with the Taylor expansion. Reformulating
further:

∫
ct

(
h, z, b;

{
Γ−Yut+m, Yu,t+m + 1{t+m} · dY s

u,t+m

}
m≥0

)
dπt (h, z, b)

U s
t+m · dY s

u,t+m

−
∫
ct
(
h, z, b; {Γt+m}m≥0

)
dπt (h, z, b)

U s
t+m · dY s

u,t+m

=

∫
ct

(
h, z, b;

{
Γ−Yut+m, Yu,t+m + 1{t+m} · dY s

u,t+m

}
m≥0

)
dπt (h = u, z, b)

U s
t+m · dY s

u,t+m

−
∫
ct
(
h, z, b; {Γt+m}m≥0

)
dπt (h = u, z, b)

U s
t+m · dY s

u,t+m

because for m = 0 changes in income dY s
u,t+m affects solely the budgets of the

unemployed. Moreover, note that for m = 0 we have:
∫ 1
U s
t+m

dπt (h = u, z, b) = 1

i.e., 1
Ust+m

dπt (h = u, z, b) is density of the distribution of unemployed agents. All
this implies that for m = 0 expression iMPCYu

t,m can be interpreted as the average
MPC of the unemployed agents calculated for a rise in income that is proportional
to individual productivities of idle workers.
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