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Abstract

Since the advent of Heterogeneous Agent New Keynesian (HANK) models, countercyclical

unemployment risk has been deemed an important amplification mechanism for business

cycles shocks. Yet, the aggregate effects of such “unemployment fears” are hard to pin down.

We thus revisit this issue in the context of a rich two-asset HANK model, proposing new ways

to isolate their general equilibrium effects and tackle the long-standing challenge of modelling

wage bargaining in this class of model. While unemployment fears can exert noticeable

aggregate effects, we find their magnitude to depend importantly on the distribution of

firm profits. Households’ ability to borrow stabilizes the economy. Our framework has also

implications for policy: in the aftermath of an adverse energy price shock, fiscal policy can

help reducing the hysteresis effects on unemployment and most households gain if the central

bank accommodates an employment recovery at the cost of higher inflation.

Keywords: Heterogeneous models; search and matching models; alternating offer bargaining;

monetary and fiscal policy.

JEL Classification: D52, E24, E52, J64.
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Non-Technical Summary

The post-pandemic wave of global supply-chain disruptions and energy price increases were

unprecedented compared to the relatively smoother global trade conditions since early 2000s.

On average between mid-2021 and mid-2022, oil prices increased by more than 70% (euro area gas

prices grew by 400%) and global shipping costs by more than 30%. Supply shocks are a salient

driver of business cycle fluctuations. Episodes of large spikes in energy prices have historically

led to swings in price inflation as well as large and persistent increases in unemployment rates.

This brought back the memories of the 1970s and governments across advanced economies were

concerned how energy price increase could have aggravated inequalities and threaten prosperity.

In 2022, the G7 Leaders communiques explicitly referred to measures to reduce price surges

and prevent further impacts on our economies and societies as well as providing short-term

fiscal support to the most vulnerable groups to support affordability, as well as to businesses and

industry. For instance, euro area governments provided energy-related fiscal measures - in the

order of about 5% of GDP in 2022 and 2023 - with a view to counteract the negative impact on

the economy while avoiding the spikes in unemployment rates in the 1970s and the hysteresis

effects of the 1980s.

While supply shocks are important drivers of the business cycle and this can be amplified by

“unemployment fears”, the post-pandemic increase in global supply chain disruptions and energy

prices have partly be smoothed by macroeconomic policies. Fiscal policy, especially, has reacted

differently from what a typical terms-of-trade shock would call for and has provided relief to

households and firms.

To study the relevance of these channels, we extend the two-asset HANK model from Bayer

et al. (2024) with search and matching frictions and tackle two important modelling challenges.

Firstly, we provide a micro-founded way of modelling wage setting in rich heterogeneous agents

literature that is closely connected to the existing literature and provides for wage outcomes

independent of worker wealth. Secondly, we propose a simple and consistent way to isolate

and measure the general equilibrium impact of precautionary “unemployment fears” demand

amplification in a complex HANK model.

Our paper contributes to the sprawling HANK literature, pioneered by McKay and Reis (2016)

and Kaplan et al. (2018). Our work naturally relates to research analyzing the role of time-

varying unemployment risk and related policies. Ravn and Sterk (2021), Challe (2020) and

Broer et al. (2021) study “unemployment fears” amplification and their policy implications in

so-called “zero liquidity” HANK models featuring a degenerate wealth distribution.
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Firstly, we demonstrate that an Alternating Offer Bargaining (AOB) protocol in the veins of

Christiano et al. (2016) and Ljungqvist and Sargent (2021) can yield wages not depending

on individual wealth by eliminating dependence on workers’ continuation value. Thus, our

HANK model features a micro-founded bargaining set-up consistent with realistic unemployment

volatility.

Secondly, in order to isolate the marginal effect from “unemployment fears”, we consider an

alternative model version which only differs from our baseline model in that households have

counterfactual beliefs regarding their idiosyncratic unemployment risk. The difference between

this “naive” HANK model and our baseline economy provides a natural measure of the precau-

tionary channel’s general equilibrium effects in our rich heterogeneous agents environment. This

differs from other HANK models in which unemployment benefits (UI) were turned off as that

would also account for the lack of redistribution effects from UI.

We find that the precautionary-saving channel stemming from “unemployment fears” is not

negligible, but its quantitative impact remains more moderate compared to the findings of

previous studies employing “zero liquidity” HANK models. However, our results indicate the

aggregate amplification to depend importantly on how firm profits are distributed, an insight

we consider to be relevant for future work. Additionally, it implies that the way supply shock

scenarios are modelled can be particularly important in HANK. Our results also indicate that

households’ ability to borrow to dampen an economy’s response to aggregate shocks.

We then use our model to look at how macroeconomic policies affect main macroeconomic

aggregates and, in particular, inflation. The supply shocks in 2021 and 2022 remained high

in the agenda of global policymakers and fiscal policy was actively working to minimise the

adverse effect on the economy and the most fragile households. Most of the fiscal measures,

including those affecting the labour market such as unemployment benefits, were deficit and

debt increasing - hence supporting aggregate demand - in an environment in which aggregate

supply was constrained. In our HANK framework, we find that this has led to higher inflation

persistence and more volatile investment. However, we also find that to the extent a central

bank follows a strict inflation targeting rule, the longer-term effects on consumption, investment,

unemployment and real wages are better off in the case of debt-financing fiscal policy.
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1 Introduction

Supply shocks are a salient driver of unemployment fluctuations. For example, episodes of large

spikes in energy prices have historically led to swings in price inflation as well as large and

persistent increases in unemployment rates. The post-pandemic squeeze in commodity markets

and in global supply chain were unprecedented compared to the relatively smoother global trade

conditions since early 2000s. On average between mid-2021 and mid-2022, oil prices increased

by more than 70% (euro area gas prices grew by 400%) and global shipping costs by more than

30%.

This brought back the memories of the 1970s and governments across advanced economies were

concerned how energy price increase could have aggravated inequalities and threaten prosperity.

In 2022, the G7 Leaders communiques explicitly referred to measures to reduce price surges

and prevent further impacts on our economies and societies as well as providing short-term

fiscal support to the most vulnerable groups to support affordability, as well as to businesses and

industry.1 For instance, euro area governments provided energy-related fiscal measures - in the

order of about 5% of GDP in 2022 and 2023 - with a view to counteract the negative impact on

the economy while avoiding the spikes in unemployment rates in the 1970s and the hysteresis

effects of the 1980s.

Of course, supply-side factors are also important from a modelling perspective, where they are

typically found to constitute an important source of the exogenous variation driving business

cycle fluctuations (see e.g. Smets and Wouters, 2007).Their actual aggregate effects depend,

however, on how households react to variation in different types of incomes as well as unemploy-

ment risk. To account for the realistically unequal exposure to these, we set up a Heterogeneous

Agent New Keynesian (HANK) model: A key feature of our work is the emphasis on the un-

employment rate as a key business cycle outcome and on its endogenous time-varying risk that

leads to stronger precautionary saving motives, amplifying the aggregate shock through demand

effects.

This unemployment fears-channel has long been a concern for policy makers, with e.g. the

Federal Open Market Committee (FOMC) worrying already in 2009 that “fear of unemployment

could well lead to further increases in the saving rate that would damp consumption growth in

the near term.”2. Previous research has also found such effects to be particularly relevant for

the case of supply shocks (c.f. Challe, 2020; Broer et al., 2021).

Our main contribution is to study the relevance of these effects in a rich HANK model à la Bayer

1See G7 Leader communique, June 2022
2https://www.federalreserve.gov/monetarypolicy/fomcminutes20090318.htm
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et al. (2024) that we enrich with Search-and-Matching (SaM) frictions on the labor market. In

this framework, households accumulate illiquid assets with relatively higher return and liquid

assets to smooth consumption against idiosyncratic skill- and unemployment risk: The SaM

frictions make the latter dependent on the business cycle, implying a time-varying demand for

liquid assets such as government debt that can be used as a means of insurance.

We propose solutions to two important modelling challenges: First of all, modelling wage bar-

gaining is seen as notoriously difficult in heterogeneous agents environments, given that standard

bargaining protocols such as the Nash solution would imply wages to depend on a workers’ as-

set holdings.3 However, we demonstrate that an Alternating Offer Bargaining (AOB) protocol

in the veins of Christiano et al. (2016) and Ljungqvist and Sargent (2021) can yield wages

not depending on individual wealth by eliminating dependence on workers’ continuation value.

Thus, our HANK model features a micro-founded bargaining set-up consistent with realistic

unemployment volatility instead of relying on ad hoc “wage norms” often used in this strand of

literature.

Secondly, in a rich quantitative HANK model, pinning down the general equilibrium amplifica-

tion through unemployment fears precisely appears essentially impossible: A model constructed

to feature less unemployment risk, e.g. due to different unemployment insurance (UI), will

also differ in terms of (re-)distribution. For example, if one finds that UI expansions dampen

the aggregate effects of a contractionary shock, this might be due to either the precautionary

savings channel we aim to isolate or just because the policy redistributes towards high MPC

unemployed households, confounding insurance- and redistribution effects. We overcome this

challenge by considering an alternative model version which only differs from our baseline model

in that households have counterfactual beliefs regarding their idiosyncratic unemployment risk.

The difference between this “naive” HANK model and our baseline economy provides a natu-

ral measure of the precautionary channel’s general equilibrium effects in our rich heterogeneous

agents environment.

Overall, we find that in our 2-asset HANK economy, the demand effects induced by the pre-

cautionary channel are non-negligible but moderated compared to simpler models. However,

our results also point towards an important role for profits. While shocks to TFP and aggre-

gate markups (so-called “cost-push” shocks) tend to have similar effects in representative agent

models, they differ markedly regarding their implications for aggregate outcomes and particu-

lar the strength of the precautionary savings amplification in the HANK model. The latter is

due to profits decreasing after TFP shocks but increasing after markup shocks: In our baseline

3While the methods recently proposed by Hänsel (2023) facilitate solving heterogeneous agent models with

bilateral bargaining, including Nash bargaining into a rich 2-asset model remains costly.
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model, the time-varying firm profits are received by rich “entrepreneurs” that are not subject to

unemployment risk and have access to all asset markets. Intuitively, if their income decreases

in response to a TFP shock, they reduce their substantial amount of liquid savings due to in-

tertemporal substitution motives, counteracting the additional precautionary savings demand of

regular “worker” households. The opposite happens if profits increase after the mark-up shock,

in which case the rich are also induced to save, amplifying the demand effect.

We confirm this intuition by considering an alternative model version in which the cyclically

varying profits are allocated to Hand-to-Mouth households not participating in the asset mar-

ket. Thus, the aggregate amplification through “unemployment fears” depends importantly on

assumptions of how firm profits are distributed, an insight we believe to be important for future

modelling work. These results also mean that in HANK, it can have important consequences

whether specific scenarios are modelled as TFP or cost push shocks.

Our model has also implications for other important questions: We investigate the role of

borrowing, a feature many HANK models abstract from, and analyze how the impact of energy

price shocks depends on macroeconomic policies.

Regarding the former, we find that even if borrowing is possible only at a substantial penalty

rate, the ability of households to borrow stabilizes the aggregate response to supply shocks. On

policy, allowing the monetary authority to respond to the unemployment rate improves welfare

in the aftermath of an energy price shock, but there is a stark difference between households

relying on labor income (welfare gain) compared to those relying on firm profit income (welfare

loss). In terms of fiscal policy, we show that the way fiscal measures are financed – either via

debt issuance or tax increases – affects the degree of inflation persistence with limited impact

on the unemployment rate.

In what follows, we start surveying the literature. We then present the main model specification

in Section 2 covering the household problem, the production side and the labour market. In

Section 3 we provide the calibration of the model parameters and its validation by comparing

untargeted model moments with some empirical counterparts. We then present our main results

on the contribution of “unemployment fears” in Section 4. We also provide an analysis of inflation

persistence following an energy price shock in Section 5 and how it is affected by monetary and

fiscal policy rules. Section 6 concludes.

Literature review: Our paper contributes to the sprawling HANK literature, pioneered by

McKay and Reis (2016) and Kaplan et al. (2018). Within that area, our work naturally relates

most closely to other research analyzing the role of time-varying unemployment risk and related

policies. In particular, the works of Ravn and Sterk (2017, 2021), Challe (2020) as well as
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Broer et al. (2021) study “unemployment fears” amplification and their policy implications

in so-called “zero liquidity” HANK models featuring a degenerate wealth distribution. Other

papers employ quantitatively oriented one-asset HANK-SaM models to study the heterogeneous

welfare effects of different monetary policy rules (Gornemann et al., 2021), the stabilization

effects of unemployment insurance (Kekre, 2022) or the aggregate effects of deviations from

rational expectations (Bardoczy and Guerreiro, 2023). Alves (2022) and Birinci et al. (2022)

analyze the implications of job-to-job transitions in HANK models, an aspect many other Hank-

SaM papers (including ours) abstract from. Lee (2021) also constructs a 2-asset HANK model

with SaM frictions but only focuses on the transmission of monetary policy shocks.

The work closest to ours is thus the paper by Graves (2021), who also aims to study how cyclical

unemployment risk amplifies aggregate shocks in a 2-asset HANK economy. Yet, he does so by

comparing his baseline model to another framework featuring no UI benefits and thus answers

the related but not identical question “Does the presence of UI dampens aggregate shocks?”

instead of directly isolating the precautionary savings amplification within a given economy as

we do. His work also does not analyze the role of profits but emphasizes the role of illiquid asset

adjustment costs, a model aspect difficult to discipline that we abstract from.

Finally, our results on the importance of profits are reminiscent of Broer et al. (2020), who

highlight a different way how the distribution of profits can crucially shape aggregate outcomes

in HANK economies.

2 The model

This section describes our two-asset HANK model, many aspects of which are similar to the

model studied by Bayer et al. (2024), except the way the labor market is modeled.

Period timing In every period, there is the following order of events, on which additional

details will be provided below:

1. Aggregate shocks are revealed; job separations take place; Government policies are an-

nounced

2. The labor market opens: Labor agencies post vacancies; Unemployed search for jobs;

matches are formed

3. The labor market closes; there is an even number ofM subperiods during which production

takes place and workers and labor agencies can negotiate over wages
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4. Goods and asset markets open: Asset returns are paid out; consumption and investment

decisions are made

5. Goods and asset markets close; shocks to idiosyncratic states sit and Ξit are revealed

2.1 Households

2.1.1 Idiosyncratic states

There is an unit mass of ex-ante identical households, which we also refer to as “agents” inter-

changeably. These differ ex-post by several idiosyncratic states:

• First of all, households vary in terms of their holdings of liquid and illiquid assets ait and

kit. The assets represent holdings of bonds and capital and we require that kit ≥ 0 as well

as ait ≥ a, with a representing an exogenous borrowing limit. Capital is illiquid in that an

household can change her stock kit only infrequently: In particular, following Bayer et al.

(2024), we assume that the opportunity to do so arises randomly in an i.i.d. fashion, in

that an households only gets to participate in the market for illiquid assets with probability

λ ∈ (0, 1) every period.

• Secondly, the agents can be workers (Ξit = 0) or “entrepreneurs” (Ξit = 1). The former

participate in the frictional labor market, while the latter don’t supply labor market but

receive the profits generated by the firms (to be described below), which, for simplicity,

are assumed to be shared equally among all Ξit = 1 households. Transitions to and out of

the “entrepreneur” state are exogenous with probabilities ζ and ι.

• Worker households (Ξit = 0) additionally differ by their idiosyncratic labor productiv-

ity or “skill” sit ∈ S = {s1, s2, ..., sns}, which evolves stochastically according to a dis-

crete Markov chain. We allow for transition probabilities Πs(sit+1|sit, eit) to depend on

employment status eit (see next bullet point) in order to parsimoniously allow for skill

accumulation (depreciation) while employed (unemployed). Workers who are selected to

become entrepreneurs lose their idiosyncratic sit state as well as their job, while exiting

entrepreneurs draw a new sit according to exogenous probabilities ps1 , ps2 , ... and enter

unemployment.

• Finally, workers will either be employed (eit = 1) or unemployed (eit = 0). We assume

there to be no disutility from either work or job search, so that all workers will be working

or searching full time. Job finding rates pUEt and pEUt (sit) will be endogenously determined

on the frictional labor market described in Section 2.3. Note that the latter may depend
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on individual labor productivity.

Workers receive a wage wt(sit), while unemployed agents receive an unemployment insur-

ance (UI) benefit bt(sit). As outlined above, wages wt will be the outcome of an AOB

bargaining protocol to be described in Section 2.3.3, while bt(sit) is set by the government:

its level is assumed to depend on sit to introduce dependence on previous income without

adding additional state variables to the household problem.

Below, we will by denote by mt(·) the mass of households that, at the beginning of a period,

are currently in the specified state, e.g. mt(k, s, e) is the respective measure of households with

capital holding k, skill s and employment status e. Additionally, we will use me
t , m

u
t and mΞ

t to

denote the masses of agents that feature states eit = 1, eit = 0 or Ξit = 1 at the beginning of

stage 4 of any period t (compare Section 2 above).

2.1.2 The Household problem

Households value an consumption stream {ct}∞t=0 according to standard time-separable CRRA

preferences

E0

∞∑
t=0

βt
c1−ξit − 1

1− ξ
.

An agent who get to adjust her illiquid capital stock will face budget constraint (written in real

terms)

cit + qtkit+1 + ait+1 = yit(eit, sit,Ξit) +
Rat (ait)

πt
ait + (qt + rkt )kit (1)

while non-adjusters, the constraint will be of the form

cit + ait+1 = yit(eit, sit,Ξit) +
Rat (ait)

πt
ait + rkt kit . (2)

Both budget constraint are already written in real terms, with πt =
Pt
Pt−1

denoting gross inflation.

Furthermore, qt represents the time t price of capital goods, rkt the real net return of capital

goods and Rat (ait) the gross nominal return on bonds ait. The latter depends on ait due to the

presence of a borrowing penalty. In particular, we have

Rat (ait) =

AtRBt if ait ≥ 0

AtR
B
t + R̄πt if ait < 0

(3)

where RBt is the nominal return on liquid government bonds, determined by the central bank as

described below. R̄ is a real borrowing penalty, while At is a shock to financial intermediation,
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which Bayer et al. (2024) introduce as stand-in for the “risk premium”-shocks often included in

quantitative DSGE models such as Smets and Wouters (2007). 4

Finally, yit represents an household’s labor-, transfer- or profit income so that

yit(eit, sit,Ξit) = (1− τy)


wt(sit) if eit = 1, Ξit = 0

bt(sit) if eit = 0, Ξit = 0

Πt

mΞ
t

if Ξit = 1

. (4)

τy represents a proportional income tax.

Letting Γt denote a set containing the economy’s aggregate state at period t, we are now ready

to state the Bellman equation corresponding to the households’ dynamic utility maximization

problem, which are

V a(ait, kit, eit, sit,Ξit; Γt) = max
cit,kit+1,ait+1

{
c1−ξit − 1

1− ξ
+ βEtV (ait+1, kit+1, eit+1, sit+1,Ξit+1; Γt+1)

}
s.t. to (1), (4), kit ≥ 0 and ait ≥ a (5)

for an household able to adjust its capital stock and

V na(ait, kit, eit, sit,Ξit; Γt) = max
cit,ait+1

{
c1−ξit − 1

1− ξ
+ βEtV (ait+1, kit, eit+1, sit+1,Ξit+1; Γt+1)

}
s.t. to (2), (4), kit ≥ 0 and ait ≥ a (6)

for an household that unable to do so. The ex-ante value function V (·) is given by

V (ait+1, kit, eit+1, sit+1,Ξit+1; Γt+1) = λV a(ait, kit, eit, sit,Ξit; Γt)

+ (1− λ)V na(ait, kit, eit, sit,Ξit; Γt) .

2.2 Production

The model’s supply side is similar to standard “medium scale” DSGE models, except the way

the labor market is modelled: Production is vertically integrated. There is a final good that can

either be consumed or used by capital goods producers to produce investment goods subject to

adjustment costs. This final good is assembled by a representative final goods producer, that in

turn requires differentiated inputs provided by a continuum of retailers. The latter set prices in a

4Our specification for the borrowing wedge implies that every unit of debt held by an household incurs a real

resource cost of R̄, e.g. due to costly monitoring. Furthermore, given that bonds will be in positive supply in our

economy, the Bayer et al. (2024) specification for the At shock implies that a positive (negative) “risk premium”

creates (destroys) real resources proportionally to the aggregate bond supply.
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monopolistic competitive fashion subject to nominal rigidities and require intermdiate goods to

produce their output. These are produced by a set of competitive intermediate goods producers

that require capital, energy and labor services as inputs. However, the provision of the labor

input requires hiring on a frictional labor market à la Diamond-Mortensen-Pissarides, which is

handled by labor agencies.

As Bayer et al. (2024), we make the simplifying assumption that entrepreneurs don’t make

the dynamic decisions of the various firms directly but instead outsource them to a group of

risk-neutral managers with aggregate measure 0, that do not have access to asset markets and

discount the future at the same rate β as the households.5

2.2.1 Final Goods producer

The representative final good producers combines a continuum of differentiated inputs according

to production function

Yt =

(∫ 1

0
y

1
µt
jt dj

)µt
. (7)

Given prices pjt, the first order conditions of the producers profit maximization problem give

rise to the familiar demand schedule for any given variety as

yjt =

(
pjt
Pt

) −µt
µt−1

Yt (8)

where Pt is the aggregate price level given by

Pt =

(∫ 1

0
p

1
1−µt
jt dj

)1−µt
.

We allow for exogenous time variation in µt, so-called “markup shocks”.

2.2.2 Retailers

There is a unit mass of retailers, each of which produce a given variety as monopolist, taking into

account demand schedule (8). Their only input are intermediate goods, which they purchase

at real price mct (also referred to as “marginal cost”) from the competitive intermediate goods

producers. However, they are subject to nominal rigidities à la Calvo with price indexation, i.e.

5Since we will linearize our model with respect to aggregate shocks, only the steady-state value of the discount

factor in the firms’ dynamic problems will matter for the dynamic model responses. Bayer et al. (2019) and Lee

(2021) report that using different specifications does not significantly affect results in their 2-asset HANK models

with many similar features.
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they can only re-set their price if chosen with an exogenous probability λY .

If not receiving the re-set opportunity, a retailer’s price is automatically adjusted by the steady

inflation rate πSS .
6 If receiving it, the retailer will choose a price to maximize the corresponding

expected net present value of real profits

E0

∞∑
t=0

βt(1− λY )
t

(
p∗jtπ

t
SS

Pt
−mct

)(
p∗jtπ

t
SS

Pt

) −µt
µt−1

Yt .

Log-linearizing the first order conditions of the resulting price setting problem gives rise to the

standard log-linear Phillips curve

log

(
πt
πSS

)
= κY

(
mct −

1

µt

)
+ βEt log

(
πt+1

πSS

)
(9)

with κY := (1−λY )(1−λY β)
λY

.

2.2.3 Intermediate goods producers

The homogeneous intermediate good is produced by a continuum of firms that operate with a

constant-returns-to-scale technology represented by production function

Ft(utKt, Ht, Et) = ZtF (utKt, Ht, Et) = Zt

(
ϱ

1
ϵeE

ϵe−1
ϵe

t + (1− ϱ)
1
ϵe

(
(utKt)

αH1−α
t

) ϵe−1
ϵe

) εe
εe−1

.

(10)

Et, Kt and Ht denote the input of energy goods, capital and labor services. ut is the degree of

capital utilization that determines capital depreciation according to

δ(ut) = δ0 + δ1(ut − 1) +
δ2
2
(ut − 1)2

and Zt is a shock to Total Factor Productivity (TFP). We chose to include an energy good input

in (10) to be able to study shocks to energy prices, an arguably salient macroeconomic issue

during 2022. The chosen functional form is inspired by Hassler et al. (2021).

Taking the prices pEt and ht for energy and labor services as well as the capital rental rate

rt and its output price mct as given, an intermediate goods producer solves the static profit

maximization problem

max
Kt,Et,Ht,ut

mctFt(utKt, Ht, Et)− pEt Et − htHt − (rt + qtδ(ut))Kt ,

6This allows to normalize πSS = 1.
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the solution of which can be characterized using the following order conditions:

pEt = mctZt

(
Et

ϱF (utKt, Ht, Et)

)− 1
ϵe

(11)

ht = (1− α)mctZt

(
(utKt)

αH1−α
t

(1− ϱ)F (utKt, Ht, Et)

)− 1
ϵe
(
utKt

Ht

)α
(12)

rt + qtδ(ut) = αmctZt

(
(utKt)

αH1−α
t

(1− ϱ)F (utKt, Ht, Et)

)− 1
ϵe
(
utKt

Ht

)α−1

ut (13)

qt(δ1 + δ2(ut − 1)) = αmctZt

(
(utKt)

αH1−α
t

(1− ϱ)F (utKt, Ht, Et)

)− 1
ϵe
(
utKt

Ht

)α−1

. (14)

2.2.4 Energy goods production

For simplicity, the production of energy goods is modeled in a particularly parsimonious fashion:

We assume there to be a competitive energy producer that is endowed with a technology to

transform ZEt units of the final good into one unit of the energy good, with ZEt itself being

determined by an exogenous shock process. In turn, the real price of energy will be simply be

pEt = ZEt .

Note that this setting is isomorphic to a case in which energy goods need to be purchased on a

world market at an exogenously determined (and potentially fluctuating) real price pEt .

2.2.5 Capital goods producer

Capital goods producers use the final good as input and operate a technology subject to adjust-

ment costs: Using It units of the final good, they can produce

ZIt

[
1− ϕ

2

(
It
It−1

− 1

)2
]
It

units of capital. Investment-specific productivity ZIt is exogenous and potentially following a

time-varying shock process.

Taking the price of capital qt as given, the producers choose It to maximize the net present value

of real profits

E0

∞∑
t=0

βt

(
qtZ

I
t

[
1− ϕ

2

(
It
It−1

− 1

)2
]
It − It

)
and their optimal interior solution will fulfill first-order condition

1 + qtZ
I
t

(
ϕ

2

(
It
It−1

− 1

)2

− 1 + ϕ

(
It
It−1

− 1

)
It
It−1

)
= βqt+1Z

I
t+1ϕ

(
It+1

It
− 1

)(
It+1

It

)2

.

(15)
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2.3 Labor market

2.3.1 Labor agencies

Labor services are produced by a continuum of homogeneous labor agencies, each of which is

matched with at most one worker of productivity s. Such a match produces st units of the

labor service output, the price of which are taken as given by an agency.7 Job separations are

exogenous and take place either if (1) the match is subject to a separation shock arriving with

probability δ(s) or if (2) the worker becomes an entrepreneur with probability ζ. We allow for

job separation rates δ(s) to depend on skill, consistent with evidence that low-income workers

face higher job separation risk (see e.g. Birinci and See, 2021). Given all the above, the recursive

characterization of the value of a matched agency is

J(st; Γt) = htst − wt(st) + (1− ζ)(1− δ(st))βEtJ(st+1; Γt+1) . (16)

2.3.2 Job matching and vacancy creation

There is a single labor market, on which unmatched labor agencies can meet unemployed work-

ers by posting vacancies. The number of meeting is governed by a Cobb-Douglas matching

technology

Mt(Vt, Ut) = AmU
χ
t V

1−χ
t . (17)

Vt represents the total number of vacancies posted and

Ut = mt(e = 0) +
∑
si∈S

δ(si)mt(e = 1, s = si)

the total mass of workers searching for a job. From (17), it follows that the period-t job-finding

probability pUEt and vacancy-filling probability pvft are

pUEt =
Mt(Vt, Ut)

Ut
= Amθ

1−χ
t and pvft =

Mt(Vt, Ut)

Vt
= Amθ

−χ
t , (18)

respectively. θ := Vt/Ut is the labor market tightness.

Hiring is costly in that a) posting a vacancy incurs a real resource cost of κ1 per vacancy posted

and b) upon meeting a worker a labor agency needs to pay a resource cost of κ2 before bargaining

can begin. The latter may represent resources needed to “screen” the worker. θt is in turn pinned

7Due to CRS and the market for labor services being competitive, one could equivalently assume that inter-

mediate goods firms produce labor services “in-house” and handle hiring themselves.
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down by a free entry condition of the form

κ1 = pvft

(∑
s∈S

Ut(s)

Ut
J(s; Γt) + κ2

)
(19)

with

Ut(si) = mt(e = 0, s = si) + δ(si)mt(e = 1, s = si)

denoting the mass of job-searchers of a given skill level si ∈ S. These terms reflect labor agencies

taking account which type of workers they are most likely to meet.

2.3.3 Wage determination

Wages are determined according to an intra-period Alternative Offer Bargaining (AOB) protocol

in the veins of Christiano et al. (2016), imposing the restriction of no intra-period bargaining

break-downs used by Ljungqvist and Sargent (2021):8 During the M subperiods of a period’s

production stage (compare Section 2), the worker and the labor agency take turns extending

wage offers: We will be denoting variables on a per-subperiod basis with a ∆, e.g. h∆,t :=
ht
M is

the revenue a labor agency for producing during one of the subperiods etc..

We assume that in any given period, the labor agency gets to make the first offer. If the worker

rejects it, she can make a counter-offer in the next period that the firm can reject or accept, and

so on. Once a wage agreement has been reached, the match starts producing labor services and

the worker is paid the agreed wage rate for the remainder of the period. However, before that

happens, an agency matched with a skill s-worker incurs a cost of delay γ∆(s) per subperiod,

while the worker will receive an outside income b̃∆,t(s) per sub-period. Both these values will

have to depend on the respective’s workers productivity s to avoid high (low) productivity

workers being able to bargain wages that are disproprtionally low (high) comparatively to their

skill. If no wage is accepted before the last periodM , the worker gets to make a take-it-or-leave-

it offer during the last subperiod (M is even). If rejected by the firm, the match irreparably

dissolves and the worker enters the pool of the unemployed.

Now, to characterize the wage outcome, we first note that independently of worker wealth, a

worker (agency) in our model would always like the wage to be as high (low) as possible.9 In

turn, it is optimal for each party to make offers barely acceptable to the other.10 Hence, slightly

8Ljungqvist and Sargent (2021) find this restrictions to hardly affect model dynamics in the rich representative

agent New Keynesian model studied by Christiano et al. (2016).
9This may not generalize to some settings with endogenous separations in which the firm has the opportunity

to lay off the worker ex-post.
10If indifferent, a party is assumed to accept.
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abusing notation, if a firm gets to make an wage offer wfj,∆,t to a worker in a subperiod j < M ,

this offer should fulfill

V
(
(1− τy)[(M − j + 1)wfj,∆,t + (j − 1)b̃∆,t(s)], · · ·

)
= V

(
(1− τy)[(M − j)wwj+1,∆,t(s) + jb̃∆,t(s)], · · ·

)
(20)

with V being a value functions as in (5) or (6), having added yt as additional input. The

left-hand side is the value a worker would obtain from accepting the offer, while the right-hand

side is the value of not accepting and making the equilibrium counter-offer wwj+1,∆,t(s) in the

next subperiod (which will be accepted). Since V as in (5), (6) is strictly increasing in income

(additional resources can always be consumed), (20) implies

(M − j + 1)wfj,∆,t(s) + (j − 1)b̃∆,t(s) = (M − j)wwj+1,∆,t(s) + jb̃∆,t(s) . (21)

Intuitively, worker wealth does not matter for in indifference condition (20), as any worker

prefers higher period income in our setting. Similarly, if a worker gets to make an wage offer

wfj,∆,t to a firm in a subperiod j < M , this offer should fulfill

(M − j + 1)(h∆,ts− wwj,∆,t(s)) = −γ∆(s) + (M − j)(h∆,ts− wfj+1,∆,t(s)) . (22)

Finally, if no wage is accepted until period j = M , the indifference condition for an agency

contemplating a worker’s offer wwM,∆,t would be

h∆,ts− wwM,∆,t(s) + (1− ζ)(1− δ(st))βEtJ(st+1,Γt) = 0 (23)

as, if rejecting the offer, the firm would have to look for a new worker, the value of which is 0

due to free entry. We note that worker wealth does not enter indifference condition (23) either,

as any worker would like to claim the maximum possible amount of income during the final

bargaining period.

Since the equilibrium wage outcome can be characterized using equations (21), (22) and (23), it

follows that our AOB bargaining scheme delivers wages that are independent of worker wealth:

Proposition 1. The per-period wage of a matched worker with labor productivity s will be given

by

wt(s) =
1

2

(
hts+ b̃t(s)

)
+
M − 2

2M
γ(s) + (1− ζ)(1− δ(st))βEtJ(st+1,Γt) . (24)

Proof. See Appendix A.
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2.4 Government

2.4.1 Monetary Authority

The monetary authority sets the nominal interest rate on bonds, which follow a Taylor rule of

the form

RBt+1

RBSS
=

(
RBt
RBSS

)ρB [(
πt
πSS

)θπ
exp(mu

t −mu
SS)

θu

]1−ρB
. (25)

The parameter ρB introduces rate smoothing and if θu ̸= 0, the rule reacts to unemployment in

addition to inflation.

2.4.2 Fiscal Authority

The fiscal authority collects taxes, pays out unemployment insurance and engages in government

consumption Gt. Its budget constraint (in real terms) is

Bt+1 + τy

(∑
s∈S

wt(s)m
e
t (s) + Πt

)
= Gt +

RBt
πt
Bt + (1− τy)

∑
s∈S

bt(s)m
u
t (s) . (26)

In our benchmark application, we assume the real value of UI benefits to be constant over time

and equal to a fixed replacement rate over steady state (post tax) wages, i.e.

bt(s) = Υbwss(s) . (27)

Furthermore, we postulate government spending to follow the rule

Gt
GSS

=

(
Gt−1

GSS

)ρG ( Bt
BSS

)(1−ρG)ψB

, (28)

also considered by Bayer et al. (2023), and assume the fiscal authority to issue any amount of

bonds Bt+1 necessary to fulfill its budget constraint (26). Intuitively, policy (28) means that

the government will reduce spending in response to excess debt, but does so only slowly over

time. Some of our quantitative exercises below will consider alternatives to specifications(27)

and (28).

2.5 Market clearing conditions and equilibrium

The Definition of Equilibrium is standard, but tedious, given that our model features multiple

markets and also requires keeping track of the evolution of measures mt(·). In turn, we relegate

these details to Appendix B.
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2.6 Numerical Approach

We approximate the dynamic equilibrium of the model using a version of the method used by

Bayer and Luetticke (2020), which conducts first-order perturbation around the economy’s non-

stochastic steady state, following a dimension reduction step.

For obtaining that steady state, we use a multi-dimensional Endogenous Grid Method similar

to the algorithm described in Bayer et al. (2019) to solve the households’ dynamic programming

problem. The joint income- and asset distribution is approximated as a histogram using the

“lottery”-method proposed by Young (2010).

However, the representations of the (marginal) value functions as well as the joint distribution

on a tensor grid are too large to be practically handled by standard perturbation algorithms.

In turn, the dimensionality of the (marginal) value function is reduced by applying a Discrete

Cosine Transform (DCT) and perturbing only the coefficients most important for the shape

of the steady state marginal value function. Additionally, the joint distribution is split into

a copula and marginals and we only perturb the marginals as well as the largest coefficients

resulting from a similar DCT of the copula.

Further details on the numerical implementation are provided in Appendix D.

3 Calibration

A model period is interpreted to be a quarter. We aim for our model to be consistent with the

most relevant features of the US economy: For our calibration strategy, we first set a range of

parameters exogenously, relying on the previous literature: In addition to standard preference-

and technology parameters, this includes some parameters exclusively affecting the dynamic

model response to aggregate shocks, for which we rely on previous papers estimating a HANK

model. Afterwards, we choose the remaining parameters values to match various steady state

distribution- and labor market moments.

3.1 Externally calibrated

The household’s risk aversion parameter is set to 1.0, a standard value also used by Kaplan et al.

(2018). Regarding technology, we use the standard values of α = 0.33 for the Cobb-Douglas

parameter for capital and set a quarterly depreciation rate for capital of δ = 0.015. Similar,

we set the steady state value for µt to a conventional value of 1.1, resulting in a steady state

markup of 10%. The elasticity of substitution between energy and the capital-labor-bundle is

set to 0.1, the benchmark value used by Pieroni (2023). The number of subperiods during which
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Parameter Description Value Source

ξ risk aversion 1.0 Standard

ι Exit prob. entrepreneurs 1/16 Bayer et al. (2022)

α Cobb-Douglas parameter 0.33 Standard

δ0 Steady State depreciation 0.015 Standard

µSS SS goods markup 1.1 Standard

ϵE Elasticity of substitution energy 0.1 Pieroni (2023)

ϕ investment adjustment cost 3.5 Bayer et al. (2022)

δ2/δ1 utilization parameters 1.0 Bayer et al. (2022)

κY Slope of NK Phillips curve 0.08 Standard

χ matching elasticity 0.5 Petrongolo and Pissarides (2001)

M no. bargaining periods 60 Christiano et al. (2016)

(ψG, ψB) Gov’t spending rule (0.94, -0.75, 0.0) Bayer et al. (2023)

τy Proportional income taxes 0.25 See text

Υb SS UI replacement rate 0.4 Shimer (2005)

(ρR, θπ, θu) Taylor rule parameters (0.5,1.5,0.0) See text

(RB
ss, πss) SS nominal rate & inflation (1.0, 1.0) Bayer et al. (2022)

Table 1: Externally set parameters

bargaining can take place is set to M = 60, the same value as in Christiano et al. (2016): this

reflects the typical number of business days within a quarter. We furthermore set χ = 0.5, a

standard value for the matching elasticity going back to Petrongolo and Pissarides (2001). The

slope of the New Keynesian Phillips curve is 0.08, a standard value also used by Graves (2021).

Several other parameters governing the economy are set according to Bayer et al. (2022): First

of all, we also set the probability of exiting the Ξ = 1 state within a given period to be 6.25%.

The investment adjustment cost is chosen to be 3.5 and the ratio δ2/δ1 set to be 1, reflecting

the results of their model estimation. For a given δ2/δ1-ratio, we always set δ1 and δ2 to achieve

ut = 1.0 in steady state. Finally, we also follow them in setting the Central Bank’s target gross

nominal rate for liquid assets to equal the long-run rate of inflation (i.e. liquid bonds don’t yield

a net real return) and set the target inflation rate to 1 (i.e. no inflation). The latter constitutes

a normalization given the price indexation assumption and implies RBSS = πSS = 1.

The remaining government policies are parameterized as follows: We follow Shimer (2005) by

choosing an unemployment replacement rate of 0.4. For the Taylor rule, our benchmark cali-

bration features a moderate nominal rate persistence of ρR = 0.5.11 The coefficient on inflation

has the “textbook” value θπ = 1.5 and we chose θu = 0.0, i.e. the central bank only reacts to

inflation as in typical “textbook” models. Furthermore, we set the proportional income taxes

11While many authors consider rules with substantially more persistence, e.g. ρR = 0.8 , Consolo and Favero

(2009) argue this to be inconsistent with the low predictability of monetary policy rates.
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τy to 25%: These values are close both to the average US tax rates on labor incomes as well

as profits and are consistent with a realistic long-run government consumption-to-GDP ratio of

G/Y = 0.158. Note that since our model does not feature an intensive labor supply margin,

introducing tax progressivity would not have any related effects but be purely redistributive.

Finally, the policy rule for government consumption follows Bayer et al. (2023) but with a

somewhat lower persistence of ψG = 0.94, as our calibration is quarterly instead of monthly.

3.2 Internal calibration

Parameter Description Value Target

β Time discounting 0.9839 K/Y = 11.22

ζ prob. entrepreneur state 0.0003 Wealth share top 10

λ prob. illiquid asset adjustment 0.087 B/Y = 1.04

R̄ Borrowing penalty 0.044 16% borrower share

a Borrowing limit -0.8809 100 % avg. quart. income

ϱ Energy share parameter 0.0504 SS energy share 5%

Am Matching efficiency 0.6518 Unemployment rate 5.5%
κ1

pvf
ss

+ κ2 total hiring cost 0.0665 7% of avg. hire wage

κ2 screening cost 0.0166 25% of hiring cost

s Individual labor productivity See Appendix E See text

γ(s) Costs of delay See Appendix E See text

δ(s) Separation rates See Appendix E See text

Table 2: Internally calibrated parameters

The remaining parameters are chosen so that the model matches various target moments in the

non-stochastic steady state. To clarify how they come about, we present for each parameter the

moment we use to identify it. While, if taking other parameters as given, any parameter will

somewhat affect any of the stationary equilibrium’s target moments, it is often the case that if

one assumes other target moments to have been realized, individual parameters can be identified

just by the respective moments. For the parameters for which this is not true, it nevertheless

turns out that achieving a good fit with the target relies mostly on the stated parameters.

Several parameter values are used to target moments related to the long-run wealth distribution:

We choose the household discount factor β to match a ratio of average steady state capital

holdings to output of 11.22 as in Bayer et al. (2024), resulting in β = 0.9839. As the probability

ζ determines the amount of “super rich” entrepreneur households, we use it to target a Top

10% wealth share of 67%, which requires a value of approx. 0.0003. The borrowing penalty R̄

determines the share of households with a negative liquid asset position: to get a share of 16%,
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we set value of 0.044.12 Notice that for the parameters above, our targets are the same as in

Bayer et al. (2024). λ determines the (il-)liquidity of capital and thus how much liquid bonds

wish to additionally hold for consumption smoothing purposes: We use it to target mean liquid

asset holdings of 0.26 times annual output as in Kaplan et al. (2018). This requires λ = 0.087.

We also follow these authors by setting the borrowing limit equal to the average quarterly labor-

and transfer income (post-tax).

ϱ, which governs the importance of energy for production, is set to 0.0504, targeting a GDP share

of aggregate energy spending of 5%. This value is roughly consistent with recently observed

values for the US (e.g., 5.7% in 2019 and 4.8% in 2020). We choose matching productivity

Am = 0.6522 to to achieve an average unemployment rate of 5.5%.

Following Christiano et al. (2016), we target steady state hiring costs κ1/p
vf
SS + κ2 to be 7%

of the average wage of newly hired workers and furthermore assume the screening cost κ2 to

account for 25% of this cost. The relative size of this fixed cost is an important determinant of

the sensitivity of unemployment to aggregate shocks and we choose it so that the unemployment

peak after a TFP shock is of a similar magnitude as in Broer et al. (2021). Finally, it is necessary

to set the parameters connected to the individual labor productivity levels s. To calibrate the

values for s and γ(s), we build on the literature estimating income processes: In particular, the

recent paper by Braxton et al. (2021) estimates a process in which the permanent component

zi,t of log individual income has an AR(1) form with labor market status-specific parameters

zi,t+1 = µz(eit) + ρzzi,t + σz(zi,t)εi,t ,

i.e. the drift and the innovation variance of the process depend on whether an individual works

or not. Braxton et al. (2021) argue that such a set-up captures on-the-job skill accumulation

as well as human capital depreciation during unemployment. Since we wish to account for such

phenomena, we use their annual estimates ρz = 0.94, (µz(1), µz(0)) = (0.0038,−0.1472) as well

as (σz(1), σz(0)) = (0.2261, 0.4171), transform them into quarterly values and discretize the

process onto a grid of 11 points following the methodology outlined in their paper.13.

This, however, provides us only with a discretized process for household’s labor earnings, i.e.

the wages wt(sit), while the calibration requires the primitives determining them. Conveniently,

the linearity of bargaining outcome (24) provides an easy way of backing them out: To reduce

12While this value may appear very high (approx. 18% annually), note that the convention in the 2-asset

HANK literature is to treat secured borrowing such as mortgage debt as part of household’s net illiquid asset

stock. Various forms of unsecured borrowing such as credit card debt or overdraft facilities commonly feature

borrowing rates of similar magnitude.
13For the transformation, we follow an approach similar to Krueger et al. (2016): The persistence of the

quarterly process is set to ρ̂z = ρ
1/4
z and we replicate the cross-sectional variance of the AR(1) processes by

setting σ̂z(eit) =
1−ρ̂2z
1−ρ2z

σz(eit). We adapt the drift so that the quarterly processes have the same mean as the

annual one, i.e. µ̂z(eit) =
1−ρ̂z
1−ρz

µz(eit)
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the number of parameters, we first restrict γ(s) = γ̄hsss, i.e. that a labor agency’s costs of delay

are proportionally to the revenue generated by the match in steady state. Then, together with

a linear rule relating the level of worker outside income to the steady state wage level (27), the

steady state match revenue hsss necessary to induce the wage levels wt(sit) can be backed out

by solving a linear system. We choose γ̄ by targeting a steady state vacancy filling rate of 0.71

(den Haan et al., 2000) and the s levels themselves are subsequently obtained by using that

other target moments provide the steady state level hss. The actually realized values for s and

γ(s) are provided in Appendix E.

For the worker outside income, we follow the paper by Christiano et al. (2016) inspiring our

bargaining solution by using b̃t = bt, i.e. impose that the bargaining outside income is equal to

the income received during regular unemployment.

Finally, for the separation rates δ(s), we follow Birinci and See (2021) by using the functional

form δ(s) = δ̄ exp(ηs(s − 1)) and choosing δ̄ to target an average monthly EU flow rate of

p̄EUSS = 3.5% and an EU flow rate ratio of pEU (sns)/p
EU (s1) = 0.2. i.e. the richest workers are

5 times less likely to loose their jobs than the poorest workers.14

3.3 Distributional Moments

In this section, we validate our internal calibration by analyzing various model-generated mo-

ments not directly targeted by the calibration.

Table 3 compares various untargeted moments of the model’s Steady State income- and wealth

distributions with their empirical counterparts as reported by Krueger et al. (2016). The lat-

ter are based on the 2006 Panel Survey of Income Dynamics (PSID), with Disposable Income

defined as the sum of after-tax earnings plus unemployment benefits plus income generated by

assets held. In both model and data, Net Worth relates to both liquid and illiquid assets. While

the model can naturally not achieve a perfect fit, it matches both the distributions’ quintiles as

well as their Gini coefficients well.

Since we are employing a two-asset model, it is not only relevant how closely our framework

matches data moments related to the distribution of net worth, but also the asset portfolios

held by the households. We do so in Table 4: First, we are considering moments of the illiquid-

and liquid wealth distribution separately. In particular, we compare them with statistics re-

ported by Kaplan et al. (2018), who use the 2004 Survey of Consumer Finance (SCF). As in

the data, we generate a more unequal distribution of liquid assets and ownership of both asset

classes is concentrated in their respective Top 10%, with the bottom 50% holding hardly any.

However, compared to the reported data moments, we generate a somewhat more equal asset

14Birinci and See (2021) target p̄EU
SS = 1.2% and pEU (sns)/p

EU (s1) = 1/5.54 ≈ 0.18 for a monthly calibration.
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distributions, with the shares held by the Top 10% not as high and the share of the Next 40%

substantially larger than in the SCF data. It should be noted that this is at least partly due

to the targets we adopt: As Bayer et al. (2024), we target a Top 10% net wealth share of 67%,

which is the average 1954-2019 in the World Inequality Database but, due to secular trends in

inequality, lower than in more recent years.

Disposable Income Net Worth

Model Data Model Data

Quint. 1 4.5 4.5 0.0 -0.9

Quint. 1 8.4 9.9 1.7 0.8

Quint. 3 13.4 15.3 5.1 4.4

Quint. 4 21.0 22.8 13.0 13.0

Quint. 5 52.6 47.5 79.9 82.5

Gini 0.48 0.42 0.77 0.77

Note: “Data” refers to moments computed by

Krueger et al. (2016) using PSID.

Table 3: Distributional moments comparison

Moments Model Data (incl. source)

Illiquid asset shares (from Kaplan et al., 2018)

Top 10% 61.8 70

Next 40% 35.6 27

Bottom 50% 2.6 3

Liquid asset shares (from Kaplan et al., 2018)

Top 10% 73.2 86

Next 40% 25.4 18

Bottom 50% 1.4 -4

Hand-to-Mouth (HtM) Status (from Kaplan et al., 2014)

Share HtM 28.8 31.2

Share Wealthy HtM 20.2 19.2

Share Poor HtM 8.6 12.1

Table 4: Portfolio moments comparison

Finally, we also analyze whether households are Hand-to-Mouth (HtM) in the sense of Kaplan

et al. (2014), i.e. whether their liquid asset holdings are a) positive but amount to less than 2

weeks (1/6 of a model period) of income or b) negative and amount to less than the borrowing
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constraint plus the 2 weeks of income. We also classify them as “Wealthy HtM” if they addi-

tionally hold illiquid assets and “Poor HtM” if they do not. Our model matches the empirical

evidence on the size of either group of agents reasonably well, although we generate slightly too

much Wealthy HtM and a little bit too few poor HtM. As we can see in Figure 1, these house-

holds close to kinks in their budget set would increase their consumption particularly much

if endowed with additional income or liquid wealth. In turn, our model features an average

quarterly MPC of 15.4%, implying an average annualized MPC of 40.6%.15

Figure 1: MPCs by wealth holding

4 Cyclical amplification from unemployment fears

This section analyzes the amplification effects of the unemployment risk-induced precautionary

savings motives - the “unemployment fears”.

15We annualize quarterly MPCs qMPC as aMPC = 1−(1−qMPC)4 following Carroll et al. (2017). Note that

these annualized MPCs do not exactly equal the annual MPCs. For Figure 1, we average the annualized MPCs

of the mass of agents that are at the particular grid points in steady state, resulting in a somewhat “rugged” look

due to composition effects.
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4.1 Isolating the effects of unemployment fears

As alluded to above, a key challenge in quantitative HANK settings is to pin down the aggregate

effect of the risk-induced demand amplification, given that any type of insurance policy also fea-

tures redistributive in addition to pure insurance effects. To overcome this challenge, we consider

a version of the model in which policy is unchanged and aggregate dynamics unrestricted, but

households’ expectation deviate from rational expectations in the following way: Households

always believe that their idiosyncratic employment transition probabilities are always fixed at

their steady state levels, i.e. don’t realize their unemployment risk has changed. Technically,

this only involves not perturbing the pUEt+1 and pEUt+1(s) terms entering the Euler equations of the

household problem when computing the derivatives for the linearized model solution: The result

then provides the first-order solution of the general equilibrium of a model in which workers are

“naive” about their individual unemployment risk. Note that said “naive” model will be based

on exactly the same steady state and distributional impacts of any shock will be preserved,

e.g. it will still be the case that low income households transit at relatively higher rates into

unemployment, but they will not take into account that their risk has gone up for making their

consumption-savings decision so that the precautionary channel is shut down. The difference

the responses of the baseline and the “naive” model can then be seen as the general equilibrium

impact of the precautionary unemployment fears demand effect.

While other authors have conducted partial equilibrium decompositions to separate the effects

of precautionary savings motives and realized employment outcomes, e.g. Harmenberg and

Öberg (2021) or Fernandes and Rigato (2022), we are, to the best of our knowledge, the first to

generalize this simple trick to a general equilibrium setting.

4.2 Unemployment fears after a TFP shock

We are now ready to isolate the equilibrium effects of the unemployment fears for a supply side

shocks and begin with a standard contractionary TFP shock, normalized to a size of 1% and

reverting back according to an AR(1) in logs with persistence 0.9.

Figure 2 displays the the aggregate response to the shock of both the Baseline (blue solid

line) and the “naive” model (red dashed line). Overall, the the model results are as expected:

Consumption and investment drop in the response to the shock, with the investment response

following a hump-shape due to the presence of the aggregate adjustment costs. Unemployment

begins to rise substantially, as the AOB bargaining protocol induces only limited real wage

adjustments. Inflation increases on impact and remains elevated persistently: This result is

due to the upwards pressure increased levels of public debt exert on the “natural” interest rate
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in HANK models, an issue studied in detail by Hänsel (2024). We briefly return to this issue

below.

Comparing the results for the results of the Baseline and “naive” models, we see that that

the unemployment fears have the same effects as predicted by simpler analytical models: In the

equilibrium with fixed expectations, consumption and real wages drop relatively less, the increase

in unemployment is reduced and inflation is higher on impact. Investment is hardly affected, as

the “fears” have offsetting effects: While higher idiosyncratic risk calls for a portfolio rebalancing

towards liquid assets, they also decrease the real return on liquid assets which counteracts the

former effect. Additionally, a lot of the illiquid capital stock is held by richer households who,

both in the model and the data, face only limited unemployment risk.

To quantify the actual impact of the “fears”, Figure 3 displays the the difference between the

baseline and “naive” model relative to the steady state value of different aggregate aggregate

outcomes: At the impact of the shock, the general equilibrium effect of the precautionary motive

depresses Consumption by 0.175% of steady state the consumption. The relative impact on

investment is substantially smaller, resulting in an overall effect on output in between.

Figure 2: TFP shock and unemployment fears
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Figure 3: TFP shock: Contribution of unemployment fears

4.3 Unemployment fears after a markup shock

We now turn towards analyzing the aggregate response to so-called “cost-push” shock that

increases the aggregate markup µt, again normalized to a size of 1% and assumed to revert back

according to an AR(1) in logs with persistence 0.9. As mentioned before, TFP and markup

shocks tend to have similar aggregate effects in simple Representative Agents models, even

though they have different implications for optimal policy.

However, inspecting Figure 4, we observe that this is not the case for the HANK model. Indeed,

in the baseline model the shock actually results in a decrease in inflation, defying conventional

wisdom on their effects but consistent with the results of “zero-liquidity” Hank-SaM models

as e.g. in Challe (2020): So, we observe the “deflationary spirals” emphasized in the previous

literature for the “cost-push” but not productivity shocks. Comparing the baseline results with

“naive” equilibrium, we also observe a more pronounced impact of the precautionary motive on

various other aggregates, in particular consumption. In particular, the quantitative magnitudes

displayed in Figure 5 indicate that the relative effect of the “fears” on consumption is larger

even though aggregate consumption drops less compared to the TFP shock. While somewhat
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more pronounced effects might be expected given unemployment (risk) rises relatively more after

the “cost-push” shock, it is puzzling to see this affecting the inflation and real liquid returns so

starkly.16

Figure 4: Markup shocks and unemployment fears

4.4 Deflationary spirals: The role of profits

As demonstrated above, in our model the general equilibrium amplification due to the pre-

cautionary savings motive is substantially more pronounced for markup- than for TFP-shocks.

While one may be tempted to assign these differences solely to the different unemployment risk,

these two scenarios differ in another relevant way: In response to TFP shocks, aggregate profits

in the economy go down, while they increase substantially in response to the “cost push” shock.

Now, recall that in our baseline model, profits are received by a group of rich “entrepreneurs”

that can participate in the asset market and face only limited unemployment risk (if they exit

the Ξ = 1 state). Moreover, these entrepreneurs account for a substantial share of overall liquid

asset holdings and their savings decision are shaped by intertemporal substitution motives, i.e.

they will choose to save less if their income is temporarily low and choose to save more if it is

16Recall that the nominal liquid return only depends on inflation due to the CB’s policy rules, i.e. different

time paths for inflation translate directly into different paths for nominal and real liquid returns.
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Figure 5: Mark-up shock: Contribution of unemployment fears

temporarily high.

Thus, in response to a TFP shocks, the declining liquid savings demand of the “entrepreneurs”

will counteract the precautionary motives of the Ξ = 0 households, who want to hold more liquid

assets to insure themselves against the resulting higher unemployment risk. The overall liquid

saving demand thus increases less, reducing the downward pressure on real interest rates and

hence also inflation. The opposite is the case for the markup shock, when not only workers but

also Ξ = 1 households would like to save more, increasing the downward pressure on real rates

and inflation. So, one would expect the overall extent of “unemployment fears” demand ampli-

fication to depend on whether the nature of the shock induces the savings motives of workers

and “entrepreneurs” to be aligned or not.

To test this hypothesis, we consider yet another model variant that differs from the Baseline

as follows: The Ξ = 1 households are assumed to be “super homeproducers” instead of en-

trepreneurs, i.e. their income consists entirely of home production independent of the state of

the business cycle. Additionally, the actual firm profits are transferred to a group of Hand-

to-Mouth “entrepreneurs” that cannot participate in any asset market but have to consume

any income on the spot. The latter assumption is in line with those made in Graves (2021)
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or “tractable” Hank-SaM models such as Ravn and Sterk (2021). Moreover, if the Ξ = 1

household’s home production is assumed to equal their profit income in the Baseline model, the

seemingly odd first alternative assumption ensures that this “alternative profits” framework will

have exactly the same steady state state wealth distribution as the baseline model, making the

mechanism at work more transparent and sidestepping the need to for another model calibra-

tion.

In Figure 6, we present the model responses of this alternative model variant and its “naive”

counterpart to the same shock as in Section 4.3: There is less general amplification of unem-

ployment.17 But most noticeable, the deflationary pressure induced by the “fears” is reduced

substantially. While the shock was able to overturn the sign of the initial inflation response in

the Baseline model, it merely reduces it by a substantially smaller amount in the “alternative

profits” version. This is despite the latter featuring an unemployment response that is still

substantially larger than the one in Section 4.2 for the TFP shock, further supporting our con-

jecture that the unemployment response alone does not drive the differences in “fears”-induced

deflationary pressure between Sections 4.2 and 4.3. We also confirmed that for TFP shocks, the

“alternative profits” model results in stronger demand amplification, consistent with the above

arguments.

4.5 Discussion

Above, we noticed substantial differences in precautionary demand amplification for different

type of supply shocks. In Section 4.4, we demonstrated that these are due to how the model’s

profit response shape the savings demand of the upper end of the income distribution. Thus, we

establish another important channel through which the distribution of profits can exert influence

on the aggregate outcomes of HANK models: This complements the previous work of Broer et al.

(2020) who argued profits to be important for cyclical variation in intensive margin labor supply,

a channel that our HANK-SaM model abstracts from.

Our results also clarify that previous results as in Graves (2021) or “zero liquidity” models such

as Challe (2020) depend importantly on these authors’ specific assumptions regarding which

types of agents receive time-varying profits. While we believe our setting in which profits are

received by a group of rich households with asset market access to be more plausible than one

in which they are paid to Hand-to-Mouth households, it is of course also imperfect: In reality,

also households outside the very top of the income distribution receive profits and the income

risk of actual entrepreneurs is likely more time-varying: For example, firm level volatility may

increase recessions, a channel not captured by our model. Overall, our results thus suggest a

17The former excludes the resources going to HtM “entrepreneurs” and thus drop a bit more on impact
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Figure 6: Profit assumption and unemployment fears

Note: Under the alternative assumption on profits, they are rebated to Hand-to-Mouth agents not participating in any asset market.

need for richer empirically grounded theories of cyclical profits and their distribution in HANK

models.

5 Policy responses to energy shocks

In this section we present the quantitative implications of the model focusing on the role of

monetary and fiscal policy. We will focus on exogenous shocks to the price of energy in our

model, the size of which is normalized to 10%.18

First, we show the transmission mechanism of an energy price shock in our baseline HANK speci-

fication and we compare it with an equivalent Representative Agent New Keynesian (RANK).19

18As shown in sub-section, 2.2.3, we work with the energy price being exogenous and unrelated to global demand

- i.e. it is not implicitly driven by the domestic output effects on global demand - which would imply different

responses to the domestic economy (see Delle Chiaie et al. (2022)).
19The RANK model has the same features of our HANK model (capital accumulation, SAM, AOB, etc.) apart

from household heterogeneity.
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In this way, we would like to highlight the contribution from working with a heterogeneous

agent model and its implications for macroeconomic policy. Secondly, we analyze how house-

hold’s ability to borrow affects the aggregate response to such shocks: While typically imposed

exogenously in HANK models such as ours, in practice borrowing limits depend on policies

such as financial regulation or the government’s willingness to enforce private debt contracts

(c.f. Bhandari et al., 2017). Next, we zoom into the role of fiscal policy and to the automatic-

stabilising effects of higher public deficit to cover increased unemployment benefit spending and

lower tax revenues during an economic downturn. We analyse two cases of budget financing:

(i) an increase in public debt which are, over time, undone by expenditure reductions or (ii) via

higher taxes proportionally shared across households and entrepreneurs. Finally, we move to

monetary policy. In models with equilibrium unemployment and search and matching frictions,

simple monetary policy rules that mimic optimal policy include a reaction to the unemployment

rate (see Blanchard and Gaĺı (2010); Abbritti and Consolo (2022)). We consider this feature in

a HANK model assuming the driver of the business cycle is an energy shock and compare its

macroeconomic stabilisation properties as well as the overall welfare impact.

5.1 Energy shocks in HANK and RANK

We start with a comparison of the impulse response functions of key variables in a HANK and

a RANK model to gauge the differences in the transmission mechanism and highlight some

characteristics of the HANK setting. In Figure 7, the impact of a negative energy shock on

output, consumption and unemployment is larger under HANK than RANK. The opposite is

true for investment and we see a more pronounced and long-lived response of inflation and the

nominal rate in HANK. These difference reflect various economic forces present in the incomplete

markets setting but not the RANK model: For example, the HANK model features a high

average MPC and the “unemployment fears” contributing to the more pronounced consumption

drop. Additionally, in HANK models, the public debt increase following the shock induces

a persistent rise in the “neutral” rate of the neutral rate of interest. Intuitively, additional

government debt crowds out private demand less than in RANK as it is beneficial for risk-sharing

and some households behave less forward-looking due to the possibility of binding borrowing

constraints. As analyzed in detail by Hänsel (2024), this effect can yield persistently elevated

inflation in the presence of a standard Taylor rule.20 Also, the resulting higher real interest rates

on liquid government debt induces a more pronounced increase of public debt, necessitating a

stronger spending reduction by the government. Overall, the positive fiscal effects on demand

20As this model follows the standard assumption of segmented asset markets for liquid and illiquid assets, this

effect is particular pronounced in our setting. Again, see Hänsel (2024) for details.
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present in HANK but absent in RANK (which features Ricardian equivalence) accommodate a

relatively faster recovery in the former setting.

Figure 7: Energy shock: HANK vs RANK

5.2 Borrowing over the business cycle

Until now, we have always assumed in the baseline model that individuals have access to bor-

rowing, i.e. they can hold a limited amount of negative liquid assets at a penalty rate. This

mechanism helps consumption smoothing and may alleviate precautionary savings-driven de-

mand effects. To gauge the importance of these channels, we solve a version of the model

requiring households to hold a non-negative amount of liquid savings. This requires solving for

a new steady state, which we restrict to feature the same government debt-to-GDP ratio as

the baseline. Figure 8 displays the dynamics of no-borrowing economy, comparing it with the

baseline: The absence of borrowing leads to larger fall in aggregate consumption, real wages

and unemployment fluctuations, while leaving the investment profile quite unaffected. This is

partly due to a composition effect, as the no-borrowing economy features more households close

to the now tight borrowing constraint at 0 and higher aggregate MPCs. Investment is affected

by different factors which tend to balance each other (see Figure 8). On the one hand, a higher

contraction in aggregate demand should lead to lower investment. But as already discussed

above, higher unemployment risk exerts downward pressure on liquid returns and thus induces
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adjuster households to choose a larger illiquid protfolio share which has a positive impact on

private investment. Also, most illiquid assets are held by relatively rich households who face

a low risk of hitting the borrowing constraint or becoming unemployed. Thus, we conclude

Figure 8: The role of borrowing constraints

that private borrowing, even if only possible at a penalty rate, provides noticeable aggregate

stabilization effects.

5.3 Debt- vs tax-financing of budget deficits

In our baseline specification of the HANK model, we assume that the additional fiscal ex-

penditure also related to higher outlays for unemployment benefits is financed by issuing new

government bonds. In the subsequent years, debt stabilisation is ensured by a reduction in gov-

ernment consumption (which has no /utility value in our model). Now, Figure 9 compares our

baseline specification with a model in which the government keeps debt and its consumption G

fixed, with a balanced budget achieved via higher taxes - in particular, τy immediately adjusts

to clear the budget for constant B and G. Such a fiscal policy based on tax financing (red

dashed line) results in larger and more persistent negative effects on consumption. While results

for investment, unemployment and real wages are approximately similar in the short-term, over
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the adjustment period they remain substantially subdued - making the initial transitory energy

price shock more persistent. A key difference is the path for price inflation in our HANK model

between debt- and tax-financed fiscal policy. With tax financing, inflation is less persistent and

converges more rapidly to the inflation target: Again, this is due to the ability of public debt to

affect the neutral interest rate in HANK models.

Summing up, the intratemporal redistribution between higher payments for unemployment ben-

efits and debt service and higher taxes on workers and entrepreneurs to balance the budget

dampens aggregate demand, output and inflation. As already alluded to above, the impact of

debt financing on the inflation process is indeed a feature of incomplete markets HANK models.

To highlight the importance of heterogeneity, we compare the inflation responses of the HANK

model (with debt- and tax-financing policy) and a RANK model with debt-financing (RANK

baseline, green dashed line). The role of debt-financing fiscal policy on inflation is very much

visible in the HANK model, but is non-existent in a RANK model whose inflation response

resemble the HANK model with tax-financed deficits. The results of this exercise are impor-

tant in the context of deciding the fiscal-monetary policy mix after the economy is hit by an

adverse shock. According to our results, given the substantial impact of fiscal policy can exert

on stabilising the economy and increasing inflation persistence, monetary policy should remain

attentive and consider the impact of unconventional fiscal policies following global supply chain

disruptions and energy shocks when setting interest rates. This could help reducing inflation

persistence.
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Figure 9: Fiscal policy via tax financing of UI

Figure 10: Fiscal policy effects in HANK and RANK
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5.4 Energy shocks, monetary policy and inequality

The impact of large energy shocks such as the recent surge in commodity prices in 2022 has led to

unequal and regressive impacts across individuals (Del Canto et al. (2023); Pallotti et al. (2023)).

In this section of the paper we look at the role of monetary policy in addressing inequality and

supporting inclusion in the labour market. This is somehow complementary to the role of fiscal

policy analysed in the previous section. The main idea here is to have monetary policy reacting

to the unemployment rate while tolerating a higher or more persistent inflation rate. This is in

line with the latest findings on the review of the monetary policy strategy at the Federal Reserve

(as well as other major central banks around the world) which have emphasised the importance

of running the labour market hot with a view to reducing slack and include marginal workers

into the labour market (Alves and Violante, 2023). The Fed has substantially reviewed its

framework by introducing an asymmetric average inflation targeting (Clarida (2022)), especially

with a view to avoiding another Great Recession. While the main shocks driving the great

financial crisis were of an aggregate demand nature, here we will look closely at the trade-off

from energy shocks that move inflation and unemployment in the same direction. We focus on

what happens to inflation dynamics when monetary policy reacts to unemployment (instead

of following a strict inflation targeting), whether such a different reaction function is welfare

improving and how monetary-fiscal policy interaction is affected.

Figure 11 shows that, indeed, by responding to the unemployment rate monetary policy can

partly smooth the response of consumption and investment while making the labour market

tighter. However, this comes at the cost of higher and more persistent inflation. To assess

which types of households gain or lose from the alternative policy option, we conduct a sim-

ple welfare calculation whether households would prefer the unemployment targeting rule to be

implemented after the energy price shock. The exercise is based on a perfect foresight scenario

and thus does not account for the possibility of other shocks occurring.

Figure 12 visualizes the results, presenting the consumption-equivalent utility gains the unemployment-

conscious central bank policy provides households relative to the baseline policy. The focus is on

income heterogeneity, plotting the average gains of all agents with the same initial labor market

status: Compared to the case of monetary policy implementing a strict inflation targeting rule,

welfare gains are positive both for employed and unemployed households along the labor produc-

tivity distribution. Perhaps unsurprisingly, initially unemployed households benefit more from

the policy stimulating aggregate employment. More interestingly though, we also see that it is

not necessarily the poorest households gaining the most: Indeed, agents in the middle of the skill

distribution reap the highest welfare gains. This is due to the possibility of skill losses during

unemployment: While poor workers face more pronounced job separation risks, the middle class
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has more to loose from more likely and longer unemployment spells.21 This results indicate the

modelling of such labor market aspects to be important for assessing the distributional effects

of monetary policy.

Overall, only the Ξ = 1 “entrepreneur” households face substantially decreasing welfare. This

has two reasons: Firstly, in our model the “entrepreneurs” hold particularly large amounts of

nominal assets and are thus more exposed to higher inflation at the impact of the shock. Sec-

ondly, the relatively higher inflation under unemployment targeting is accompanied by higher

marginal costs and thus relatively lower profit incomes.

We also provide a comparison exercise in our HANK framework regarding the role of accom-

modative monetary and fiscal policy. We start from a case in which monetary policy follows strict

inflation targeting and fiscal policy operates via tax increases in case of an adverse shock that

affects government budget (see red dashed line in Figure 13). We then ask ourselves whether it

would be better to use fiscal or monetary policy to stabilise the macroeconomy. First we assume

that monetary policy responds to the unemployment rate while fiscal policy continues to rely on

tax-based financing of the deficit. Figure (13) shows the response when the central bank reaction

function responds to the unemployment rate (with a coefficient of θu = 0.2). We observe that

monetary policy improves short-term responses of consumption, investment, unemployment and

real wages, but it is not able to generate a quicker recovery in the medium to longer term.

At the same time, the response of inflation is higher in the short-term. Alternatively, we can

have fiscal policy using debt to finance the budget while monetary policy follows a strict in-

flation targeting rule (this is our baseline specification of the HANK model, blue line). In our

framework, fiscal policy makes sure the economy returns quicker to the previous steady -state

equilibrium, but short-run fluctuations tend to be worse than the ones achieved via monetary

policy. Both investment and unemployment become more volatile, while the persistence of price

inflation continues to remain broadly in line with the model with monetary policy responding

to the unemployment rate.

21In model versions not assuming skill depreciation, we indeed found the agents with the lowest skill to gain

most from the policy.
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Figure 11: Monetary policy and unemployment targeting

Figure 12: Welfare gains
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Figure 13: Monetary vs Fiscal policy accommodation
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6 Conclusions

Supply shocks are important drivers of the business cycle and are argued to be amplified by

precautionary savings motives. Additionally, the post-pandemic increase in global supply chain

disruptions and energy prices has been addressed by a range of macroeconomic policies: Fiscal

policy, especially, has reacted strongly and has provided support to households and firms.

To study the relevance of these channels, we develop a two-asset HANK model with search

and matching frictions and tackle two important modelling challenges. Firstly, we provide a

micro-founded way of modelling wage setting in rich heterogeneous agents models that is closely

connected to the existing literature and provides for wage outcomes independent of worker

wealth. Secondly, we propose a simple and consistent way to isolate and measure the general

equilibrium impact of precautionary “unemployment fears” demand amplification in a complex

HANK model.

We find that the precautionary-saving channel stemming from “unemployment fears” is not

negligible, but its quantitative impact remains more moderate compared to the findings of

previous studies employing “zero liquidity” HANK models. However, our results indicate the

aggregate amplification to depend importantly on how firm profits are distributed, an insight

we consider to be relevant for future work. Additionally, it implies that the way supply shock

scenarios are modelled can be particularly important in HANK. Our results also indicate that

households’ ability to borrow to dampen an economy’s response to aggregate shocks.

We furthermore use our model to look at how macroeconomic policies affect main macroeco-

nomic aggregates and, in particular, inflation. The supply shocks in 2021 and 2022 were high on

the agenda of global policymakers and fiscal policy was actively employed to minimise the ad-

verse effect on the economy and the most vulnerable households. Most of these fiscal measures,

including those affecting the labour market such as unemployment benefits, were debt-financed

- hence supporting aggregate demand - in an environment in which aggregate supply was con-

strained. In our HANK framework, we find that this can lead to higher inflation persistence and

more volatile investment. However, we also find that to the extent a central bank follows a strict

inflation targeting rule, the longer-term effects on consumption, investment, unemployment and

real wages are better off in the case of debt-financed fiscal policy.
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Harmenberg, K. and E. Öberg (2021): “Consumption dynamics under time-varying unem-

ployment risk,” Journal of Monetary Economics, 118, 350–365.

Hassler, J., P. Krusell, and C. Olovsson (2021): “Directed Technical Change as a Re-

sponse to Natural Resource Scarcity,” Journal of Political Economy, 129, 3039–3072.

Kaplan, G., B. Moll, and G. L. Violante (2018): “Monetary Policy According to HANK,”

American Economic Review, 108, 697–743.

Kaplan, G., G. L. Violante, and J. Weidner (2014): “The Wealthy Hand-to-Mouth,”

Brookings Papers on Economic Activity, 45, 77–153.

Kekre, R. (2022): “Unemployment Insurance in Macroeconomic Stabilization,” The Review of

Economic Studies, 90, 2439–2480.

Krueger, D., K. Mitman, and F. Perri (2016): “Macroeconomics and Household Hetero-

geneity,” Elsevier, 2, 843–921.

Lee, D. (2021): “The Effects of Monetary Policy on Consumption and Inequality,” Working

paper, Federal Reserve Bank of New York.

Ljungqvist, L. and T. Sargent (2021): “The fundamental surplus strikes again,” Review of

Economic Dynamics, 41, 38–51.

McKay, A. and R. Reis (2016): “The Role of Automatic Stabilizers in the U.S. Business

Cycle,” Econometrica, 84, 141–194.

Pallotti, F., G. Paz-Pardo, J. Slacalek, O. Tristani, and G. L. Violante (2023):

“Who Bears the Costs of Inflation? Euro Area Households and the 2021–2022 Shock,” NBER

Working Paper Series.

Petrongolo, B. and C. A. Pissarides (2001): “Looking into the Black Box: A Survey of

the Matching Function,” Journal of Economic Literature, 39, 390–431.

Pieroni, V. (2023): “Energy shortages and aggregate demand: Output loss and unequal burden

from HANK,” European Economic Review, 154, S0014292123000570.

Ravn, M. and V. Sterk (2017): “Job uncertainty and deep recessions,” Journal of Monetary

Economics, 90, 125–141.

Ravn, M. O. and V. Sterk (2021): “Macroeconomic Fluctuations with HANK & SAM: an

Analytical Approach,” Journal of the European Economic Association, 19, 1162–1202.

Shimer, R. (2005): “The Cyclical Behavior of Equilibrium Unemployment and Vacancies,”

American Economic Review, 95, 25–49.

Smets, F. and R. Wouters (2007): “Shocks and Frictions in US Business Cycles: A Bayesian

DSGE Approach,” American Economic Review, 97, 586–606.

Young, E. R. (2010): “Solving the incomplete markets model with aggregate uncertainty using

the Krusell-Smith algorithm and non-stochastic simulations,” Journal of Economic Dynamics

and Control, 34, 36–41.

ECB Working Paper Series No 2953 44



A Derivation of the AOB bargaining outcome

Re-arranging indifference conditions (21) and (22) yields

wfj,∆,t(s) =
b̃∆,t(s)

(M − j + 1)
+

M − j

M − j + 1
wwj+1,∆,t(s) (29)

and

wwj,∆,t(s) =
γ∆(s) + h∆,ts

M − J + 1
+

M − j

M − j + 1
wfj+1,∆,t(s) (30)

which we can combine to obtain

wwj,∆,t(s) =
γ∆(s) + h∆,ts+ b̃∆,t(s)

M − j + 1
+
M − j − 1

M − j + 1
wwj+2,∆,t(s) . (31)

Iterating (31) forward M/2− 1 times, we obtain

ww2,∆,t(s) =
M − 2

2

γ∆(s) + h∆,ts+ b̃∆,t(s)

M − 1
+

1

M − 1
wwM,∆,t(s)

which we can use in (29) for j = 1 to get

wf1,∆,t(s) = b̃∆,t(s) +
M − 2

2

γ∆(s) + h∆,ts+
b̃∆,t(s)
1−τw

M
+

1

M
wwM,∆,t(s) . (32)

Substituting (23) and re-arranging, we obtain the equilibrium subperiod 1 offer extended by the

firm

wf1,∆,t(s) =
1

2

(
h∆,ts+ b̃∆,t(s)

)
+
M − 2

2M
γ∆(s) +

1

M
(1− ζ)(1− δ(st))βEtJ(st+1,Γt) (33)

which will be accepted. In turn, the period wage is this wage times M , i.e.

wt(s) =
1

2

(
hts+ b̃t(s)

)
+
M − 2

2M
γ(s) + (1− ζ)(1− δ(st))βEtJ(st+1,Γt)

B Definition of equilibrium

Below, we define the equilibrium of our baseline model. The definitions for other model version

are analogous. For the “naive equilibrium” versions, household value functions and -policies will

be consistent with labor market transitions as determined by steady state labor market tightness

θSS instead of the labor market tightness consistent with (19).

Definition 1. A Recursive Equilibrium of our model consists of

• value functions V a(ait, kit, eit, sit,Ψit; Γt), V
na(ait, kit, eit, sit,Ψit; Γt) and J(sit,Γt),
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• household policies aa(ait, kit, eit, sit,Ψit; Γt), a
na(ait, kit, eit, sit,Ψit; Γt), k(ait, kit, eit, sit,Ψit; Γt)

and ca(ait, kit, eit, sit,Ψit; Γt), c
na(ait, kit, eit, sit,Ψit; Γt),

• firm sector policies It, Kt, Ht, Yt, Et, ut, θt, Πt,yjt∀j ∈ [0, 1]

• prices pEt , ht, rt, qt, R
a
t , mct

• a wage schedule wt(s)∀s ∈ S,

• government policies bt(s), Gt, Bt+1, R
B
t+1,

• measures mt(·),

so that

1. Given prices Rat , rt, qt, wage schedule wt(s) and profits Πt as well as labor market tight-

ness θt, the value functions V a(ait, kit, eit, sit,Ξit; Γt), V
na(ait, kit, eit, sit,Ξit; Γt) solve the

households’ Bellman equations in (5) and (6) and a(ait, kit, eit, sit,Ξit; Γt), k(ait, kit, eit, sit,Ξit; Γt),

c(ait, kit, eit, sit,Ξit; Γt) are the resulting optimal policy functions.

2. yjt ∈ [0, 1] are consistent with demand schedule (8) and final output Yt given by (7).

3. Inflation πt is consistent with Phillips curve (9).

4. Given prices pEt , ht, rt, qt, mct and technology shock Zt the intermediate goods producers

choices Kt, Et, Ht, ut are consistent with optimality conditions (11)-(14).

5. Given price qt and technology shock ZIt , the intermediate goods producers choices It are

consistent with optimality condition (15).

6. Given prices ht and wage schedule wt(s), labor agency value functions J(sit,Γt) are con-

sistent with (16).

7. The wage schedule wt(s) is consistent with bargaining outcome (24).

8. Labor market tightness θt is consistent with free-entry condition (19).

9. Given inflation πt and unemployment ut, the monetary authority set RBt+1 according to

(25).

10. Taking the remaining values as given, the government issues debt Bt+1 so that (26) holds.

11. The bond market clears, i.e.

Bt =

∫ ∞

a
aitmt(ait)dait .
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12. Capital market clearing requires, i.e.

Kt =

∫ ∞

0
kitmt(kit)dkit .

13. The market for investment good clears, i.e.

Kt+1 = (1− δ(ut))Kt + ZIt

[
1− ϕ

2

(
It
It−1

− 1

)2
]
It

14. The market for labor services clears, i.e.

Ht =
∑
s∈S

sme
t (s) .

15. The market for intermediate goods clears, i.e.∫ 1

0
yt(j)dj = Ft(utKt, Ht, Et)

16. The final good market clears, i.e.

Yt = Ct +Gt + It +
ϕ

2

[
It
It−1

− 1

]2
+ κVt + R̄

∫ 0

a
aitmt(ait)dait +

Et

ZEt
.

17. The dynamics of measures mt(·) is consistent as described in Appendix C

C Details on measures m

Formally,mt describes a probability measure on the measurable space (X ,A), with X := [a,∞]×
R+ × [0, 1] × S × [0, 1] and A := B([a,∞]) ×B(R+) × P([0, 1]) × P(S) × P([0, 1]), where P(·)
denotes the power set and B(·) the Borel σ-algebra of a given set.

Practically, with some abuse of notation, we have mt(·) describe the masses of households in a

particular state at the beginning at period t, i.e mt(a = ai, k = ki, e = ei, s = si,Ξ = Ξi) is the

mass of households with assets ai, ki, employment status ei, skill si and “entrepreneur status”

Ξi. For ease of notation above, we suppress states that are fully integrated over, e.g.

mt(a = ai, e = ei) =
∑

Ξi∈{0,1}

∑
si∈S

∫ ∞

0
mt(a = ai, k = ki, e = ei, s = si,Ξ = Ξi)dki (34)

denotes the mass of households with employment status ei and bond holdings ai. Additionally,

we suppress the annotation of non-suppressed inputs whenever it does not cause any confusion,
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i.e. we may write mt(ei) = mt(e = ei).

Naturally, to be consistent with a unit mass of households, we require∑
ei∈{0,1}

∑
Ξi∈{0,1}

∑
si∈S

∫ ∞

0

∫ ∞

a
mt(a = ai, k = ki, e = ei, s = si,Ξ = Ξi)daidki = 1 .

Additionally, the evolution of measures also need to be consistent with household choices. Defin-

ing

X̃na(a′, k, e, s,Ψ;Γt) :=
{
a ∈ [a,∞) : ana(a, kit, eit, sit,Ψit; Γt) = a′

}
X̃a({a′, k′}, e, s,Ψ;Γt) :=

{
{a, k} ∈ [a,∞)× R+ : aa(a, k, s,Ψ;Γt) = a′ and

k(a, k, e, s,Ψ;Γt) = k′
}

as well as the “middle of period” measure m̃t(a, k, e, s,Ξ) fulfilling

m̃t(a, k, e = 1, s,Ξ = 0) = pUEt mt(a, k, e = 0, s,Ξ = 0) + (1− δ(s) + δ(s)pUEt )mt(a, k, e = 1, s,Ξ = 0)

m̃t(a, k, e = 0, s,Ξ = 0) = (1− pUEt )mt(a, k, e = 0, s,Ξ = 0) + δ(s)(1− pUEt )mt(a, k, e = 1, s,Ξ = 0)

m̃t(a, k, e, s,Ξ = 1) = mt(a, k, e, s,Ξ = 1)

means they must follow

mt+1(a, k, e, s, ψ = 0) =

(1− ζ)
∑
st∈S

Πs(s, |st, e)

(
λ

∫
X̃a({a,k},e,st,Ξ=0;Γt)

dm̃t(ait, kit, st,Ξt = 0)

+ (1− λ)

∫
X̃na(a,k,e,st,Ξ=0;Γt)

dm̃t(ait, k, st,Ξt = 0)

)

+ ιps

(
λ

∫
X̃a({a,k},e,s,Ξ=1;Γt)

dm̃t(ait, kit,Ξt = 1) + (1− λ)

∫
X̃na(a,k,e,s,Ξ=1;Γt)

dm̃t(ait, k,Ξt = 1)

)
and

mt+1(a, k, e = 0, ψ = 1) =

ζ

(
λ

∫
X̃a({a,k},e,s,Ξ=0;Γt)

dm̃t(ait, kit,Ξt = 0) + (1− λ)

∫
X̃na(a,k,e,s,Ξ=0;Γt)

dm̃t(ait, k,Ξt = 0)

)

+(1− ι)

(
λ

∫
X̃a({a,k},e,s,Ξ=1;Γt)

dm̃t(ait, kit,Ξt = 1) + (1− λ)

∫
X̃na(a,k,e,s,Ξ=1;Γt)

dm̃t(ait, k,Ξt = 1)

)
Finally measures me

t ,m
u
t and mΨ

t will fulfill

me
t =

∑
s∈S

[
(1− δ(s) + δ(s)pUEt )mt(e = 1, s) + pUEt mt(e = 0, s)

]
as well as

mu
t =

∑
s∈S

[
δ(s)(1− pUEt )mt(e = 1, s) + (1− pUEt )mt(e = 0, s)

]
.
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D Details on numerical implementation

The household problem needs to be solved on a discretization of the state space: We choose

70 grid points for both a and k, either of which are non-linearly spaced as household decision

functions tend to be more non-linear for lower levels of assets. In particular, the grid points for

both a for k are spaced according to the “double exponential” rule, i.e.

X = xmin + exp(exp(u(0, xmax)))− 1

where xmin is the minimum value on the grid for variable x, xmax the maximum value and

u(0, xmax) a vector of equidistant points on the interval [0, xmax]. Since household value- and

policy functions will feature and additional kink around a = 0 when the borrowing penalty

kicks in, we add 5 additional grid points in the immediate vicinity of that point. Given that

individual labor productivity is discretized to 11 points, this means that the household problem

is solved on a tensor grid of 70× 70× (2× 11 + 1) = 112700 points (the “entrepreneur” status

adds an additional “income” state to the 2 × 11 for employed and unemployed workers). The

discretization of the individual labor productivity process is described in the main text, Section

3. Whenever interpolation is needed off the grid, we use linear interpolation.

For the implementation of the multidimensional EGM algorithm, we follow the replication codes

for Bayer et al. (2020) closely.22 Given the random illiquid asset adjustment, the EGM scheme

only iterates over marginal value functions (i.e. the derivatives of V with respect to m and k)

and does not compute V directly.

Solving for the stationary steady state is relatively easy due to the fixed central bank nominal

rate- and inflation targets: As these central bank policies targets effectively fix the steady state

return on liquid assets, finding the stationary equilibrium can be reduced to a root-finding

problem for a single variable, the steady state return on capital.

E Additional model parameters

The model parameters not explicitly stated in Section 3 are provided in Table 5.

22As of March 2024, these replication codes are available under https://github.com/BASEforHANK/

BASEtoolbox.jl.
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s γ(s) δ(s)

s1 0.1296 0.1283 0.1269

s2 0.1692 0.1674 0.1223

s3 0.2205 0.2182 0.1165

s4 0.2874 0.2844 0.1094

s5 0.3744 0.3705 0.1007

s6 0.4879 0.4828 0.0905

s7 0.6357 0.6290 0.0787

s8 0.8281 0.8193 0.0656

s9 1.0786 1.0673 0.0517

s10 1.4050 1.3902 0.0380

s11 1.8341 1.8148 0.0254

Table 5: Skill-specific parameters

ECB Working Paper Series No 2953 50



Acknowledgements 
We thank for helpful comments David Domeij, Michele Lenza, Lars Ljungqvist, Ralph Luetticke, Virgiliu Midrigan, Erik Öberg, Rodolfo 
Rigato, Oreste Tristani, and seminar participants at ECB Research Taskforce on Heterogeneity workshops, the ECB DG-Economics 
seminar series as well as the Macro PhD workshops at NYU and Uppsala University. 
The views expressed in this paper are those of the authors and do not necessarily represent those of the ECB. 
 
Agostino Consolo 
European Central Bank, Frankfurt am Main, Germany; email: agostino.consolo@ecb.europa.eu 
 
Matthias Hänsel 
Stockholm School of Economics, Stockholm, Sweden; email: matthias.hansel@phdstudent.hhs.se 

© European Central Bank, 2024 

Postal address 60640 Frankfurt am Main, Germany 
Telephone +49 69 1344 0 
Website www.ecb.europa.eu 

All rights reserved. Any reproduction, publication and reprint in the form of a different publication, whether printed or produced 
electronically, in whole or in part, is permitted only with the explicit written authorisation of the ECB or the authors.  

This paper can be downloaded without charge from www.ecb.europa.eu, from the Social Science Research Network electronic library or 
from RePEc: Research Papers in Economics. Information on all of the papers published in the ECB Working Paper Series can be found 
on the ECB’s website. 

PDF ISBN 978-92-899-6763-1 ISSN 1725-2806 doi:10.2866/790044 QB-AR-24-070-EN-N 

mailto:agostino.consolo@ecb.europa.eu
mailto:matthias.hansel@phdstudent.hhs.se
http://www.ecb.europa.eu/
http://www.ecb.europa.eu/
http://ssrn.com/
https://ideas.repec.org/s/ecb/ecbwps.html
http://www.ecb.europa.eu/pub/research/working-papers/html/index.en.html

	HANK faces unemployment
	Abstract
	Non-technical summary
	1 Introduction
	2 The model
	2.1 Households
	2.2 Production
	2.3 Labor market
	2.4 Government
	2.5 Market clearing conditions and equilibrium
	2.6 Numerical approach

	3 Calibration
	3.1 Externally calibrated
	3.2 Internal calibration
	3.3 Distributional moments

	4 Cyclical amplification from unemployment fears
	4.1 Isolating the effects of unemployment fears
	4.2 Unemployment fears after a TFP shock
	4.3 Unemployment fears after a markup shock
	4.4 Deflationary spirals: the role of profits
	4.5 Discussion

	5 Policy responses to energy shocks
	5.1 Energy shocks in HANK and RANK
	5.2 Borrowing over the business cycle
	5.3 Debt- vs tax-financing of budget deficits
	5.4 Energy shocks, monetary policy and inequality

	6 Conclusions
	References
	Appendix
	A Derivation of the AOB bargaining outcome
	B Definition of equilibrium
	C Details on measures
	D Details on numerical implementation
	E Additional model parameters

	Acknowledgements & Imprint




