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A B S T R A C T

Households in emerging economies are subject to significant income risk and have low
access to financial markets. Leveraging multiple administrative microdata sources, this paper
documents significant heterogeneity in asset holdings, income, and income cyclicality across
the distribution of Chilean households, as well as considerable income risk. Considering
this evidence, we compare the transmission mechanisms between Heterogeneous-Agent New-
Keynesian models with search and matching (SAM) and sticky wage frictions (SW), and
between one-liquid-asset (OA) and two-asset (TA) specifications. We propose a decomposition of
consumption responses into direct, indirect, average, and cross-sectional effects. We show that
the transmission mechanisms depend on the labor market setup: in SAM-OA the transmission
operates through average and direct effects, while in SW-OA it is through cross-sectional effects.
Assets also matter, the transmission in the SW-TA has stronger direct and average effects than
SW-OA.

1. Introduction

Emerging economies have high inequality, their business cycles are significantly volatile, and they are not fully integrated in
worldwide financial markets. As a consequence of that, their households are subject to significant income risk (both through real
wage fluctuations and unemployment) and have low access to financial markets. Thus, policymakers in these countries must take
these features into account when evaluating the effects of macroeconomic shocks and the consequences of fiscal and monetary policy
decisions. In particular, in emerging markets, policy institutions should have models that account for the inequality, the financial
frictions and the income risk households in those countries face. A main task in this regard is to evaluate how these features interact.

In this paper, we present a basic framework for Heterogeneous Agents New Keynesian (HANK) models that incorporate the
features described above: incomplete markets, idiosyncratic risk, unemployment, and heterogeneity in the responses of labor income
to aggregate fluctuations. We study, in models calibrated using administrative microdata for Chile, the role of different assumptions
regarding labor and financial markets. The former usually are modeled through wage rigidity or search and matching frictions, and
generate different implications for labor market variables, which we will analyze in the light of a HANK model by comparing their
transmission mechanisms of fiscal shocks. For the latter, we study the role of assuming a one- or two-asset structure (liquid and
illiquid assets as in Kaplan et al., 2018) for the transmission mechanisms of monetary policy shocks.

✩ The views expressed are those of the authors and do not necessarily represent the views of the Central Bank of Chile or its board members. This study
was developed within the scope of the research agenda conducted by the Central Bank of Chile (CBC) in economic and financial affairs of its competence. The
CBC has access to anonymized information from various public and private entities, by virtue of collaboration agreements signed with these institutions. The
information contained in the databases of the Chilean IRS is of a tax nature originating in self-declarations of taxpayers presented to the Service; therefore, the
veracity of the data is not the responsibility of the Service.
∗ Corresponding author.
E-mail addresses: bgarcia@bcentral.cl (B. García), mgiarda@bcentral.cl (M. Giarda), clizama@bcentral.cl (C. Lizama), irojas@bcentral.cl (I. Rojas).
https://doi.org/10.1016/j.latcb.2024.100125
Received 4 December 2023; Received in revised form 6 March 2024; Accepted 11 March 2024
vailable online 3 April 2024 
666-1438/© 2024 The Author(s). Published by Elsevier B.V. on behalf of Center for Latin American Monetary Studies. This is an open access 
rticle under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). 

https://www.elsevier.com/locate/latcb
https://www.elsevier.com/locate/latcb
mailto:bgarcia@bcentral.cl
mailto:mgiarda@bcentral.cl
mailto:clizama@bcentral.cl
mailto:irojas@bcentral.cl
https://doi.org/10.1016/j.latcb.2024.100125
https://doi.org/10.1016/j.latcb.2024.100125
http://crossmark.crossref.org/dialog/?doi=10.1016/j.latcb.2024.100125&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


B. García et al.

s

l
s

d
c
H

r
a
w
r

2

d
a

2

s
C
d

c
H
i

a

Latin American Journal of Central Banking 5 (2024) 100125 
HANK models, as shown by Auclert et al. (2018), generate dynamic consumption responses to income changes due to the dynamic
tructure of household asset holdings. These dynamic responses are referred to as intertemporal marginal propensities to consume

(iMPCs), and imply that households, upon receiving an additional unit of income, distribute their spending smoothly over time,
leading to stronger and more front-loaded effects of income and fiscal transfers compared to two-agent models like Galí et al. (2007)
and Bilbiie (2008).1 HANK models offer additional advantages due to their ability to track the wealth distribution and because they
incorporate income heterogeneity meaningfully, which makes them particularly well-suited for analyzing countries like Chile, with
high inequality and less developed financial markets. These features becomes especially relevant when studying the impact of fiscal
policies, which often have uneven distributional effects. For instance, HANK models can shed light on how policies implemented
during the COVID-19 pandemic, while contributing to economic recovery, may also have contributed to the observed rise in inflation
in various countries.

To analyze the influence of household heterogeneity on the transmission of monetary and fiscal shocks (both progressive and
non-progressive transfers), we construct and calibrate three HANK models that differ in terms of their specification for the labor
and financial markets. First, we build a sticky wages one-asset (SW-OA) HANK model based on the HANK-illiquid setup by Auclert
et al. (2018), where households can hold both liquid and illiquid assets, but can only adjust the holdings of the former and receive
income from the latter. Next, we show a version that incorporates search and matching frictions on the one-asset model (SAM-OA),
and then present a sticky wages two-asset (SW-TA) version where we extend the SW-OA setup by allowing households to adjust
their holdings of illiquid assets at a cost.

Following Patterson (2023)’s decomposition methodology, which builds upon Kaplan et al. (2018) and Auclert (2019), we analyze
the different model specifications with regard to their transmission mechanisms and the overall macroeconomic responses to shocks.
This approach allows us to examine the cross-sectional relationship between income fluctuations and marginal propensities to
consume (MPCs) across different household types.

To understand the mechanisms driving the overall impact of policies, we decompose the model responses into direct effects (a
partial equilibrium analysis with no further price variations) and indirect effects (capturing the full general equilibrium effects).
Furthermore, we distinguish between average effects, the outcome if all consumers had identical marginal propensities to consume
(MPCs) and income responses, and cross-sectional effects, which capture the influence of the relationship between MPCs and income
responses across different household types.

The main contribution of this paper is to present a comprehensive analysis of the transmission mechanisms in HANK models,
and how different common specifications for labor and financial markets affect these mechanisms, in the context of an emerging
economy with high inequality, high income risk, and low asset holdings. With respect to the specification of the labor market, we
show it matters.2 In a model with SAM frictions, unemployment risk generates additional precautionary motives for households,
eading to higher MPCs and stronger direct responses of consumption to fiscal transfers than in a sticky wages specification without
earch frictions.

Regarding financial markets, we show that for our calibration, the transmission mechanisms of monetary policy are not very
ifferent between a one-asset and a two-assets specification. We do find, however, than in the two-assets specification, because the
apital stock is more rigid due to the additional liquidity costs, monetary policy endogenously generates more persistent effects.
ere, we confirm the findings of Bayer et al. (2019) and Kaplan et al. (2018).

The remainder of the paper is as follows. Section 2 shows empirical facts about heterogeneity that matter in HANK models, and
elate them to the components of the consumption decomposition. Section 3 describes the models. In Section 4 we describe how we
nalyze the responses of consumption to different shocks in the light of the model, by presenting the consumption decompositions
e will use throughout the paper. In Section 5 we compare the results of the SAM-OA and SW-OA. In Section 6 we compare the

esults of the SW-OA with the SW-TA. Finally, we conclude in Section 7.

. Facts on household heterogeneity in Chile

In this section, we show empirical facts on household heterogeneity in Chile and discuss how these facts affect consumption
ynamics according to the abovementioned decompositions. We discuss assets’ holdings heterogeneity, labor income inequality,
nd labor income risk, and we finish with the equity distribution and the cyclicality of markups.

.1. Assets’ holdings heterogeneity

We follow Kaplan et al. (2018) to develop our aggregated two-asset (liquid-illiquid) structure. For this purpose, we use financial
tatements of the banking system, Financial Intermediaries, and Non-Banking companies financial statements, all available on the
omisión de Mercados Financieros (CMF) website. In addition, we use data from December 2017 to match the information with the
ata used to calculate the shares of Hand-to-Mouth, which we obtain from household surveys, as describe below.

We define Revolving consumer debt as the Banking Credit Card Debt and the Banking Consumption Credits. The deposits
orrespond to what the banking system declared to have in their respective financial statements. Fixed Income include the Bond
olding and the amount of the Saving Accounts. Finally, equity is define as the shares and Mutual Funds Holding. Regarding the

lliquid Assets we consider the Real Estate net of the present value debt and the motorized vehicles net of their respective debt.3

1 These models assume a fixed proportion of consumers with no access to financial markets.
2 Ravn and Sterk (2020) also study the role of SAM frictions in HANK models, although they do not compare the transmission mechanisms with respect to
specification with wage rigidities like those introduced in Erceg et al. (2000).
3 Online Appendix A contains a disaggregated information of the aggregates.
2 
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Table 1
Values are expressed as a fraction of 2017 GDP.

Liquid Illiquid

Revolving consumer debt −0.12 Net housing 1.93
Deposits 0.05 Net durables 0.13
Fixed income 0.12
Equity 0.12

Total 0.17 2.06

Table 2
Share of hand to mouth households (Fraction of total population).

Data

Frac. with b ≈ 0 and a = 0 0.08
Frac. with b ≈ 0 and a > 0 0.31

Note: 𝑏 represents liquid asset holdings and 𝑎 is the illiquid asset
holdings.

Revolving debt corresponds to bank credit cards, lines of credit, bank or financial consumer loans, credit cards from non-banking
nstitutions, consumer loans in commercial houses (cash advances), credits in savings banks compensation, cooperatives or other
imilar, educational loans, and other non-mortgage debts. Deposits are the total amount households keep in their checking or sight
ccounts. Fixed income is the total amount households have invested in different instruments such as time deposits, bonds, savings
ccounts, and insurance with savings. Equity is the sum of investments in shares, investments in mutual funds, participation in
ompanies or investment funds, and investments in other equity instruments (options, futures, swaps, among others).

There are only two illiquid assets, net housing, defined as the value that households assign to their primary home or other
eal estate they own, discounting the present value of the mortgage loan debt. And net durables, which corresponds to the value
f automotive assets such as cars or trucks, motorcycles, vans or utility vehicles, and other motorized vehicles (boats, planes,
elicopters, etc.), as well as other assets such as agricultural or industrial machinery, animals, works of art, etc. discounted from
he debt in auto loans.

Table 1 summarizes the aggregate composition of households’ portfolios. On the one hand, we find that for Chile, total net liquid
ssets are about 17 percent of the annual GDP. On the other hand, the illiquid assets holdings we find are about twice the annual
DP. These numbers are in orders of magnitude similar to those found by Kaplan et al. (2018), who find 26 percent for liquid assets
nd 2.92 times GDP for illiquid assets.

.2. Share of hand-to-mouth

According to Kaplan and Violante (2014) (see also Kaplan et al., 2014), hand-to-mouth households are the ones that hold little
r no liquid wealth relative to their income, whether in cash or in checking or savings accounts. Following their methodology,
e estimate the share of hand-to-mouth households using data from the 2017 Encuesta Financiera de Hogares (EFH, henceforth). We

estricted our sample to households in which the head is between 22 and 79 years, where income is positive, and drop households if
ll their income originates from self-employment. From an initial sample size of 4549, we keep 2777 households for our estimations,
hich represent approximately 45% of Chilean households.4

A household is hand-to-mouth if its liquid wealth holdings are equal to or less than five percent of their quarterly income.5 The
ifference between rich and poor hand-to-mouth is that the former owns more than zero illiquid wealth. Table 2 shows the results
nd Fig. 1 the distribution of liquid and illiquid wealth.6

.3. Labor income inequality and risk

Labor income is a key ingredient of HANK models because it corresponds to most low-earners’ income. Thus, labor income
isk plays a role in determining consumption. In this section, we study the labor income distribution and labor income risk in
hile, using administrative microdata. The database we use, which is called Administradora de Fondos de Cesantía (AFC), covers all

workers with an employment contract since October 2002. Each month, we observe the income received by the worker and, hence,
his employment status. To focus on workers with a reasonably strong labor market and following Aldunate et al. (2023), we restrict

4 Online Appendix B describes the survey in more detail.
5 We define income as household labor income, income from pensions, income from subsidies, and other sources of income except the income imputed to

he head.
6 In online Appendix C we discuss more extensively more definitions of the Hand-to-Mouth state considering different criteria. In general, our share of

and-to-Mouth is consistent with the values found for other measures like the access to checking account of credit cards. We also find that the banking and
on-banking rotative credit limits are low. We think these shares of HtM are an upper bound of the financial access. More analysis of these definitions and their

mplications are left for further research.

3 
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Fig. 1. Distributions of Liquid and Illiquid Wealth
Note: 𝑏̄ is the effective non liquid assets holding range, defined as having less than 5% of the quarterly income in liquid asset holding. 𝑏̃ is a variable defined
to accumulate the mass of Households with excessive liquidity, defined as the mass s of possessing over 25𝑀 in illiquid assets. A similar definition was done
for the illiquid assets possession. 𝑎̃ is accumulates all illiquid asset holding over 500𝑀 , 𝑎̄ is the lower limit of illiquid assets, nontheless it remains as 𝑎 = 0.

Table 3
Empirical moments for earnings in Chile at quarterly frequency. Male workers.

Moments Full sample 2014–2019

Var: log earns 0.70 0.72
Var: 1-qtr chg. 0.23 0.20
Var: 4-qtr chg. 0.33 0.30
Var: 20-qtr chg. 0.51 0.46
Skew: 1-qtr chg. −0.02 −0.10
Skew: 4-qtr chg. −0.01 −0.13
Skew: 20-qtr chg. −0.02 −0.07
Kurt: 1-qtr chg. 9.91 11.18
Kurt: 4-qtr chg. 8.04 9.01
Kurt: 20-qtr chg. 5.55 6.21

our sample to males between 25 and 55, who are employed for at least seven months in the sample and earn at least more than half
the minimum wage. For each worker included, we define the primary job as their monthly highest-paying job. After these cleaning
procedures, our sample contains about 358 million observations (about 44% of the initial database). Focusing on this subset of
workers implies that we cover about 83% of the population with this database since the informality rate for males 25-55 years old
is 17% (according to Gasparini and Tornarolli, 2009). Finally, we deflate income with headline CPI to obtain real measures.

As Guvenen et al. (2021), we distinguish between earnings growth over short and long horizons to account for workers’ short-
and long-run shocks to their earnings. We examine log income growth over one, four, and twenty quarters. Then we calculate the
different moments for the quarterly income distribution, using a sample between 2003 and 2021 and a sub-sample between 2014
and 2019 (before the pandemics). Table 3 shows the moments of log earnings and the growth of one, four, and twenty-quarters.
In Chile there is a high degree of labor income inequality, the variance of log earnings quarterly is about the one we observe in
the U.S. with yearly data. The variance of income growth is large in comparison with what we observe for the U.S. amounting at a
quarterly frequency to what the U.S. has at a yearly frequency (see Table 14 in online Appendix D). In Chile, the third moment is
close to zero on average, with the value being more negative in the 2014–2019 period. This is, it is almost equally likely to receive
positive and negative shocks.

The fourth moment is the one in the data for Chile departs the estimates from normality assumptions. As Table 3 and Fig. 2
show, labor income risk has a high kurtosis in Chile, similar to what the literature finds for the U.S. In Chile, we observe that the
fourth moment is significantly larger than the three in all the horizons analyzed, meaning that households do not necessarily receive
shocks every quarter.7

7 We compare these figures with the ones of the US in the online Appendix D.1.
4 
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Fig. 2. Distributions of Income Growth.

Fig. 3. Responses of labor income in Chile to a credit spread shock along the permanent income distribution.
Notes: Responses of labor income to a demand shock. Left: average labor income response. Right: Responses by quintile of the permanent income distribution.
Shaded areas represent +/−one standard error. Standard errors computed with Newey–West correction. Data is monthly from 2005m1 to 2018m12.
Source: Aldunate et al. (2023).

2.4. Heterogeneous cyclicality of labor income

Another relevant heterogeneity in Chile is that workers at the bottom quintiles see their labor fall by more than workers at the
top of the distribution in response to recessionary demand shocks. Fig. 3, borrowed from Aldunate et al. (2023) shows the response
of labor income by quintile of the permanent income distribution of workers in response to a recessionary interest rate shock. They
identify a demand shock as a shock to the Chilean interest rate due to an increase in the Excess Bond Premium in the US (by Gilchrist
and Zakrajšek, 2012), and show that these shocks operate as if they were a demand shock: when there is a contraction, inflation
goes down, and unemployment goes up. We use that idea to abstract from the open economy considerations of that paper. Fig. 3
shows the responses by quintiles and the average response of labor income to a contractionary demand shock. In Chile, the response
of labor income of the first permanent income quintile is 2.5 times larger than that of the fifth quintile labor income in about the
whole path of the response. This means poorer workers (with higher MPCs) suffer significantly the most in a recession.

2.5. Firms’ ownership and the cyclicality of markups

One of the main features of New Keynesian models is the cyclicality of markups. Due to price rigidities, the New Keynesian model
predicts that markups are countercyclical if the main drivers of aggregate fluctuations are demand shocks. Bauducco et al. (2022)
show that this is the case for Chile: markups are unconditionally countercyclical. This means that, at least theoretically, income from
profits (dividends) is less cyclical than labor income. This fact implies that in models with inequality and market incompleteness,
there is a distribution of income from firms’ owners and workers, which (as Bilbiie, 2008 and Debortoli and Galí, 2023 show) may
lead to amplification due to higher MPCs of workers. This fact is central in the HANK literature since most of the amplification
effects from monetary shocks (and demand shocks in general) rely on countercyclical markups in the absence of other sources of
heterogeneity.

In Chile, the ownership of firms is highly concentrated towards the top of the income distribution, meaning that markup
countercyclicality not only reflects price rigidities but a redistribution of income between rich and poor households or between
5 
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Fig. 4. Equity holdings by decile of the income distribution as a share of total equity.

low- and high-MPC individuals. According to the EFH 88% of the equity is held by households in the ninth and tenth deciles as
Fig. 4 shows.

3. Models

To study to what extent heterogeneity impacts the aggregate response to shocks and the role of the empirical facts we presented
above, we build a heterogeneous agent New Keynesian model calibrated for Chile. We follow closely the approach – and methods
– presented by Auclert et al. (2021). We present three different versions of this model, depending on the labor market setup and
the assets available to households. We study models with unemployment risk (as in Ravn and Sterk, 2020) with liquid and illiquid
assets (as in Kaplan et al., 2018) and with a fully illiquid asset with sticky wages (as in Auclert et al., 2018). We study the effects
of fiscal and monetary policy and their transmission mechanisms. Motivated by recent events we study the effects of fiscal transfers
(both progressive and non-progressive as in García et al., 2022) and monetary policy shocks.

Since we use the methods developed by Auclert et al. (2021) to solve the model, that relies on economies with aggregate shocks
but without uncertainty, we omit the expectation time-operator in the description of the model. In particular, the method applies a
linearization of the sequence-space which relies on shocks that are unexpected but with a known future path.

3.1. Households

The economy is populated by a continuum of households of measure one. Households are heterogeneous in their assets,
productivity, and employment state. Households receive utility from consumption and disutility from labor. They maximizes the
expected presented discounted value of utility flows E

[
∑∞
𝑘=0 𝛽

𝑘𝑢(𝑐𝑡+𝑘, ℎ𝑡+𝑘)
]

, where 𝑢(𝑐, ℎ) is of the usual CRRA form 𝑐1−1∕𝛾

1−1∕𝛾 −𝜓 ℎ1+𝜑

1+𝜑 .
These households are subject to idiosyncratic productivity uncertainty. There are 𝑛𝑧 possible idiosyncratic states where the
probability of transitioning between states 𝑧 and 𝑧′ is given by 𝛱(𝑧, 𝑧′).

In the model with unemployment, agents have an additional source of uncertainty and, at each period of time, can be employed
or unemployed. We denote by 𝑒 the employment status. If employed, they supply an exogenous number of hours and earn
(1−𝜏𝑡(𝑧𝑡))𝑤𝑡𝑧𝑡ℎ𝑡 (𝑧𝑡, 𝑌𝑡), where 𝑤𝑡 is the wage per efficient hour and 𝜏𝑡(𝑧𝑡) is a proportional income tax which can be type-dependent,
and  (𝑧𝑡, 𝑌𝑡) an incidence function to account for the cross-sectional response of labor income we show in Section 2. If unemployed,
they receive an unemployment benefit denoted by 𝜓 which is distributed in proportion to agents’ productivity 𝑧𝑡. Following the
Diamond-Mortensen-Pissarides framework, we denote the transition probabilities between unemployment and employment states
by 𝑒 = [𝑤, 𝑢]. Hence, 𝛱(𝑧, 𝑧′, 𝑒, 𝑒′) is the transition matrix considering both unemployment and income risk. Consequently, income
becomes 𝑦𝑡(𝑧𝑡, 𝑒) with 𝑦𝑡(𝑧𝑡, .) = [(1 − 𝜏𝑡(𝑧𝑡))𝑤𝑡𝑧𝑡ℎ𝑡 (𝑧𝑡, 𝑌𝑡), 𝑧𝑡𝜔].

Agents can trade in two assets, a liquid and an illiquid asset, which we denote by 𝑏 and 𝑎 respectively. These assets pay an
interest rate 𝑟𝑏𝑡 and 𝑟𝑎𝑡 . Asset holdings are subject to a borrowing constraint. The value function of an agent in the state (𝑧, 𝑏, 𝑎, 𝑒) at
time 𝑡 is, therefore

𝑉𝑡(𝑧, 𝑏, 𝑎, 𝑒) = max
𝑐,𝑏,𝑎

𝑢(𝑐) + 𝛽
∑

𝑧,𝑠
𝛱(𝑧, 𝑧′, 𝑒, 𝑒′)𝑉𝑡+1(𝑧′, 𝑏′, 𝑎′, 𝑒′), (1)

s.t. 𝑐 + 𝑏′ + 𝑎′ = (1 + 𝑟𝑎)𝑎 + (1 + 𝑟𝑏)𝑏 + 𝑦(𝑧, 𝑒) + 𝑑(𝑧) + 𝑓 (𝑧) +𝛷 (𝑎′, 𝑎), (2)
𝑡 𝑡 𝑡 𝑡
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𝑏 ≥ 0 and 𝑎 ≥ 0. (3)

Households receive a fiscal transfer given by 𝑓𝑡(𝑧) and distributed firms’ dividends 𝑑𝑡(𝑧), a non linear function to match the evidence
resented in Fig. 4. These two quantities can also be distributed unevenly among the different households. Finally, the illiquid asset
s subject to convex adjustment costs we describe in the calibration.

Given optimal policies 𝑐⋆𝑡 (𝑧, 𝑏, 𝑎, 𝑒), 𝑎′
⋆
𝑡 (𝑧, 𝑏, 𝑎, 𝑒), 𝑏′

⋆
𝑡 (𝑧, 𝑏, 𝑎, 𝑒), and denoting 𝛹 (𝑧, 𝑏, 𝑎, 𝑒) = 𝑃𝑟(𝑧𝑡 = 𝑧, 𝑏𝑡−1 ∈ 𝐵, 𝑎𝑡−1 ∈ 𝐴, 𝑒𝑡 = 𝑒) the

robability of that combination of states at the start of date 𝑡, the distribution 𝛹𝑡 has a law of motion

𝛹𝑡+1(𝑧′, 𝑏′, 𝑎′, 𝑒′) =
∑

𝑧,𝑒
𝛹𝑡+1(𝑧′, 𝑏′⋆−1, 𝑎′⋆−1, 𝑒′)𝛱(𝑧, 𝑧′, 𝑒, 𝑒′), (4)

here 𝑏′⋆−1 is the inverse of the optimal policy 𝑏 (and the same applies to 𝑎′⋆−1). For simplicity, we summarize the state in a vector
, the combination of possible states, i.e. 𝒔 = (𝑧, 𝑏, 𝑎, 𝑒). Therefore, in what follows, 𝛹 (𝑧, 𝑏, 𝑎, 𝑒) = 𝛹 (𝒔), and the aggregate of a variable
𝑡(𝒔) is given by ∫ 𝑥𝑡(𝒔)𝛹 (𝒔)𝑑𝒔 = 𝑋𝑡. However, we use the long notation when needed.

ested models. The model described above nests the three models we are going to use in the subsequent sections. First, we consider
model with a liquid and a fully illiquid asset without search and matching frictions. This means that 𝑎′ = 𝑎 ∀ 𝑡, 𝛱(𝑧, 𝑧′, 𝑒, 𝑒′) is

educed to 𝛱(𝑧, 𝑧′) and 𝑦𝑡 = (1−𝜏𝑡(𝑧𝑡))𝑤𝑡𝑧𝑡ℎ𝑡. This model, on top of that, has wage rigidities in the definition of the labor market. We
all this model Sticky Wages One-Asset HANK (SW-OA, henceforth). The second model is the one described above with a fully illiquid
sset (with 𝑎′ = 𝑎 ∀ 𝑡). We call this model Search and Marching One-Asset HANK (SAM-OA, henceforth). Finally, we consider a model
ith a partially illiquid asset and with sticky wages and name it Sticky Wages Two Asset HANK (SW-TA, henceforth). In the analysis
f the models, we compare the effects of the labor market structure (SW-OA with SAM-OA) and the effects of the assets’ structure
SW-OA with SW-TA). In the next subsections, we describe all the elements that are common to all of these models, clarifying the
nes that are specific to one of these models.

.2. Firms

There is a continuum of identical firms (indexed by 𝑗 ∈ [0, 1]) which produce differentiated goods using capital and labor. They
ent capital and hire labor, combining them with a Cobb–Douglas function 𝑦𝑗𝑡 = 𝑍𝑡𝑘𝛼𝑗𝑡−1𝑛

1−𝛼
𝑗𝑡 , with 𝑍𝑡 an aggregate productivity

evel. Although identical, these intermediate firms are in monopolistic competition and set prices taking into account the demand
or their variety. Varieties are aggregated with a Dixit-Stiglitz aggregator with a price elasticity equal to 𝜇𝑝

𝜇𝑝−1
, with 𝜇𝑝 the steady

tate markup charged by these firms. Price setting is subject to quadratic Rotemberg adjustment costs, with the cost given by
𝜇𝑝
𝜇𝑝−1

1
2𝜅𝑝

[

log(1 + 𝜋𝑗𝑡)
]2 𝑌𝑡. Firms maximize the present discount of profits net of adjustment costs. By standard arguments, the

optimality conditions read

log(1 + 𝜋𝑡) = 𝜅𝑝

(

𝑚𝑐𝑡 −
1
𝜇𝑝

)

+ 1
1 + 𝑟𝑎𝑡+1

𝑌𝑡+1
𝑌𝑡

log(1 + 𝜋𝑡+1)

ℎ𝑡 = (1 − 𝛼)𝑚𝑐𝑡
𝑌𝑡
𝑁𝑡
, 𝑟𝑘𝑡 = 𝛼 𝑚𝑐𝑡

𝑌𝑡
𝐾𝑡−1

here 𝑚𝑐𝑡 is the marginal cost. See online Appendix E.1 for details. The aggregate amount of profits generated each period by
ntermediate firms is given by

𝐷𝑡 =
(

1 − 𝑚𝑐𝑡
)

𝑌𝑡 −
𝜃
2
𝜋2𝑡 𝑌𝑡.

.3. Mutual fund

Illiquid assets are equity claims on an investment fund. Thus, the fund’s value equals the household’s aggregate stock of illiquid
ssets 𝑡. The investment fund owns the economy’s capital stock 𝐾𝑡 and shares in the intermediate producers 𝑋𝑡. The fund makes
he economy’s investment decision subject to an adjustment cost 𝛤𝑡(𝐾𝑡+1, 𝐾𝑡). The shares 𝑋𝑡 represent a claim on a fraction 𝜛 of
he entire future stream of monopoly profits net of price adjustment costs, 𝛱𝑡. Let 𝑞𝑥𝑡 denote the share price. The remaining fraction
−𝜛 of profits flows directly into households’ liquid assets account. The fund chooses capital, investment, and stocks to maximize

he present discounted value of profits, see online Appendix E.2 for details. The fund chooses capital, investment, and stocks such
hat the returns from the mutual fund, capital, and equity must all be equal. This implies the following arbitrage conditions:

(1 + 𝑟𝑎𝑡+1) =
𝑟𝑘𝑡 −

[

𝐾𝑡+1
𝐾𝑡

− (1 − 𝛿) + 1
𝛿𝜖𝐼

(

𝐾𝑡+1−𝐾𝑡
𝐾𝑡

)2
]

+ 𝐾𝑡+1
𝐾𝑡

𝑞𝑘𝑡+1

𝑞𝑘𝑡
=

(1 −𝜛)𝛱𝑡+1 + 𝑞𝑥𝑡+1
𝑞𝑥𝑡

.

s in Kaplan et al. (2018), we assume there is a share 𝜛 of profits owned by the fund, while the remainder is distributed directly
o households with a distribution rule we discuss in the calibration.8

8 Kaplan et al. (2018) set 𝜛 = 𝛼 to isolate equity from fluctuations in countercyclical markups.
7 
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3.4. Labor markets

To achieve realistic fluctuations in wages and wage inflation, different labor market setups are considered depending on the
odel. In all models, labor markets are subject to frictions. In the model without search frictions, wages are assumed to be subject

o adjustment costs. However, in the SAM-HANK model, a full Diamond–Mortensen–Pissarides setup is assumed. These settings will
e further described in what follows.

ticky wages. We assume households cannot decide their labor supply directly. Instead, there is a union that supplies aggregate
abor. In each household 𝑖 there is a continuum of tasks denoted by 𝑔 ∈ (0, 1). A task-specific union decides nominal wages 𝑊 𝑔

𝑡
for an amount of hours 𝑁𝑔

𝑡 . In this setting, unions have market power as workers’ tasks are in monopolistic competition. The
union aggregates individual labor such that 𝑁𝑔

𝑡 = ∫ 𝑛𝑔𝑡 (𝒔)𝑑𝒔. Then, we assume there is a Dixit-Stiglitz aggregator, with elasticity
of demand for labor tasks 𝜀𝑤. We also assume nominal wages are sticky and their changes are subject to Rotemberg adjustment
costs, 𝛩𝑤𝑡 = 𝜇𝑤

𝜇𝑤−1
1

2𝜅𝑤

[

log(1 + 𝜋𝑤𝑔𝑡)
]2
𝑁𝑡. The union sets the nominal wages and the wage inflation to maximize the present discounted

tility of an average household, weighted by the distribution 𝛹 (𝒔), see details in online Appendix E.3. This setup leads to a wage
hillips curve of the form

log(1 + 𝜋𝑤𝑡 ) = 𝜅𝑤
[

𝜓𝑁𝜑
𝑡 − 𝜇𝑤(1 − 𝜏𝑡)𝑤𝑡𝑡

]

+ 𝛽
𝑁𝑡+1
𝑁𝑡

log(1 + 𝜋𝑤𝑡+1), (5)

with  = ∫ 𝑢′(𝑐𝑡) and 𝜑 is the inverse of the Frisch elasticity. Eq. (5) shows a New Keynesian Wage Phillips Curve (NKWPC) that
relates wage inflation with hours worked and workers’ preferences. As we show in the equation, due to labor market frictions and
symmetry, all workers supply 𝑁𝑡 hours at a real wage 𝑤𝑡.

Search and matching. In this version of the model we consider a labor market with search frictions as in Mortensen and Pissarides.
We assume there is a Cobb–Douglas matching function 𝑀(𝑈𝑡, 𝑉𝑡) = 𝑚𝑡𝑈

𝛾
𝑡 𝑉

1−𝛾
𝑡 , which leads to a job finding probability 𝑓𝑡(𝜃𝑡) = 𝑚𝑡𝜃

1−𝛾
𝑡

nd a job filling probability 𝑞(𝜃) = 𝑚𝑡𝜃−𝛾 , where 𝜃𝑡 =
𝑉𝑡
𝑈𝑡

is the market tightness. 𝑈𝑡 is the measure of unemployed workers with
𝑈𝑡 = ∫ 𝑑𝛹 (𝑧𝑡, 𝑏, 𝑎, 𝑒 = 𝑢), and the level of employment is given by 𝐸𝑡 = 1 − 𝑈𝑡. The probability of becoming unemployed while

orking is given by an exogenous separation probability 𝑠.
Households cannot individually supply – and set – labor. Instead, there is an intermediary for each type who hires and sells labor

ervices. This firm’s value of a worker with productivity 𝑧𝑡 is

𝐽 (𝑧𝑡) = (ℎ𝑡 −𝑤𝑡)𝑧𝑡 + (1 − 𝑠) 1
1 + 𝑟𝑡+1

E𝑧[𝐽 (𝑧𝑡+1|𝑧𝑡)],

where ℎ𝑡 is the marginal product of labor. The free-entry condition for these intermediaries is
𝑐𝑣
𝑞(𝜃𝑡)

= 1
1 + 𝑟𝑡+1 ∫𝑧𝑡

E𝑧[𝐽 (𝑧𝑡+1|𝑧𝑡)]𝑑𝛷(𝑧𝑡, 𝑏, 𝑎, 𝑒 = 𝑢).

Additionally, we use a Nash-inspired wage rule

𝑤𝑡 = (1 − 𝜂)𝜔 + 𝜂(ℎ𝑡 + 𝑐𝜃𝑡),

where 𝜂 is workers’ wage bargaining power. Finally, the intermediary generates profits from the difference between the marginal
productivity of labor and the real wage, given by

𝐷𝑤
𝑡 = ℎ𝑡 −𝑤𝑡.

These profits are delivered to households in the same way monopolistic profits are.

3.5. Government, monetary authority, and aggregation

The government, in our setting, allocates its spending between government consumption 𝐺𝑡, fiscal transfers to households 𝑓𝑡(𝑧)
that can be progressive or not, and unemployment benefits. The government issues liquid debt 𝐵𝑔𝑡 and raises taxes 𝜏𝑡. Government
ebt is held by households in their liquid account and pays the return 𝑟𝑏𝑡 . The government, then satisfies the budget constraint

𝐵𝑔𝑡+1 = 𝑇𝑡 + 𝐺𝑡 − 𝜏𝑡𝑤𝑡𝑁𝑡 + (1 + 𝑟𝑡)𝐵
𝑔
𝑡 ,

here the evolution of the fiscal balance depends on a smoothing parameter 𝜌𝑋 , which determines to what extent additional
pending is financed with debt according to:

𝛥𝐵𝑔𝑡 = 𝜌𝑋 (𝛥𝐵
𝑔
𝑡−1 + 𝛥𝑋𝑡), (6)

here 𝑋𝑡 can be 𝑇𝑡 or 𝐺𝑡.
The monetary authority follows a Taylor rule for the nominal interest rate 𝑖𝑡:

𝑖𝑡 = 𝑖∗ + 𝜙𝜋𝜋𝑡 + 𝜙𝑢(𝑢𝑡 − 𝑢𝑠𝑠) + 𝜀
𝑚𝑝
𝑡 ,

here we denote by 𝜙𝜋 the preference parameter for inflation and 𝜙𝑢 for unemployment with 𝑢𝑡 is log of unemployment. 𝜀𝑚𝑝𝑡 is a

onetary policy shock that follows an AR(1) process. Monetary authorities seek a nominal interest rate target in steady state given

8 
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by 𝑖∗ (where 𝑖∗ = 𝑟).9 Given the inflation level and the nominal interest rate, the real rate is determined by the Fisher equation
(1 + 𝑟𝑡) =

(1+𝑖𝑡)
(1+𝜋𝑡+1)

.
Since total consumption expenditures is given by 𝐶𝑡 = ∫ 𝑐(𝒔)𝑑𝛹 (𝒔), goods market clearing implies

𝑌𝑡 = 𝐶𝑡 + 𝐼𝑡 + 𝐺𝑡 + 𝛩𝜋𝑡 + 𝛩𝑤𝑡 +𝛷𝑡,

ith 𝛷𝑡 = ∫ 𝛷𝑡(𝑖)𝑑𝛹𝑡(𝑖) in SW-TA and zero otherwise. And financial markets close:

𝐵𝑔𝑡 = 𝐵 = ∫ 𝑏 𝑑𝛹𝑡(𝒔) and 𝐾𝑡 + 𝑞𝑡 = ∫ 𝑎 𝑑𝛹𝑡(𝒔).

. Sources of consumption fluctuations

Based on Patterson (2023) and Kaplan et al. (2018), below we compare the different model assumptions using decompositions of
onsumption. As Kaplan et al. (2018) show, the transmission mechanism of monetary policy (and hence, of different shocks) changes
hen we have high MPCs. They show that for monetary policy shocks indirect effects dominate in the total effect of raising the

nterest rate. This is, monetary policy transmit to consumption mainly through variables other than the interest rate itself, namely
abor income, fiscal policy and others. This gives rise to a simple decomposition of the effects of shocks, between direct and indirect
ffects. On the other hand, Patterson (2023) shows that in models with inequality, the cross-sectional relationship between MPCs
nd income fluctuations may be a source of business cycles amplification. This analysis is based on the fact that households’ income
luctuations may be different between types of households, and if there is a cross-sectional relationship between MPCs and income
luctuations, there might be amplification of shocks. Hence, we must consider average and cross-sectional effects of shocks.

Let 𝑖 denote an individual, aggregate consumption can be written as 𝐶𝑡(𝑺) = ∫ 𝑐𝑡(𝑖;𝑺)𝑑𝑖, with 𝑺 the path (from 0 to 𝑇 ) of a
ector of aggregate variables entering individual consumption, like interest rates or wages. We decompose consumption fluctuations
𝐶𝑡(𝑺) as the total consumption differential. In a one-asset economy (with 𝑺 𝑡 = {𝑟𝑡, 𝜒𝑡}), the differential is given by the derivatives of
onsumption with respect to 𝑟𝑡 and income of other sources 𝜒𝑡. Denote the former derivative with 𝑡,𝑘(𝑖) =

𝜕𝑐𝑡(𝑖;𝑺)
𝜕𝑟𝑘

and the latter with
𝑡,𝑘(𝑖) =

𝜕𝑐𝑡(𝑖;𝑺)
𝜕𝜒𝑘

. These are the responses of consumption in period 𝑡 to an increase of 𝑟 and 𝜒𝑡 in period 𝑘, respectively. Therefore,
the vectors 𝑡(𝑖) and 𝑡(𝑖) summarize responses of consumption in 𝑡 to increases in every period 𝑘 with 𝑘 = [0,… , 𝑇 ). As explained
by Auclert et al. (2018) the vector 𝑡(𝑖) contains the intertemporal MPCs of household 𝑖 and 𝑡(𝑖) are the responses of consumption
to interest rate innovations. Given these definitions, we can write aggregate consumption changes as

𝑑𝐶𝑡 = ∫ 𝑡(𝑖)𝑑𝑟𝑑𝑖 + ∫ 𝑡(𝑖)𝑑𝜒(𝑖)𝑑𝑖, (7)

where 𝑑𝑟 and 𝑑𝜒(𝑖) are the vectors of changes in interest rates and household 𝑖 income. Eq. (7) can be written as

𝑑𝐶𝑡 = 𝑡𝑑𝑟
⏟⏟⏟

Real Rate Effect

+ 𝑡𝑑𝜒
⏟⏟⏟

Average Effect

+𝐶𝑂𝑉𝑖(𝑡(𝑖), 𝑑𝜒(𝑖))
⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟

Cross-Sectional Effect

. (8)

Eq. (8) decomposes consumption fluctuations in three components: the direct effect of Real Rate fluctuations (just average effects
since 𝑟𝑡 is common), the Average Effect and the Distributional Effect. The first component represents the total response of consumption
in 𝑡 to a path in the real interest rate changes 𝑑𝑟; the second component is the average responses of consumption to fluctuations in
endogenous variables or policies that represent income of households; and the third is the response of consumption to cross-sectional
fluctuations in income, representing the relationship between differential responses in income and the MPCs of consumers. This is,
given the same average MPCs and a given path in 𝜒 𝑡, there are effects from how fluctuations in income distribute among households.

e will use these kinds of decompositions in the model to study the effect of different assumptions on consumption fluctuations.

seful further consumption decompositions. The previous decomposition can be made further depending on the model and the
ariables to analyze. Two useful decompositions appear when we analyze the effects of fiscal transfers and in models with more
han one asset. In the case of a fiscal transfer, we can decompose consumption further by separating ‘‘direct’’ effects and ‘‘indirect’’
ffects (as in Kaplan et al., 2018 or Auclert, 2019), to understand why the covariance fluctuates, if it is more from direct effects or
rom general equilibrium effects. This decomposition reads

𝑑𝐶𝑡 = 𝑡𝑑𝑟 +𝑀 𝑡𝑑𝑇 + 𝐶𝑂𝑉𝑖(𝑀𝑡(𝑖), 𝑑𝑇 (𝑖))
⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟

Direct

+𝑀 𝑡𝑑𝑦 + 𝐶𝑂𝑉𝑖(𝑀𝑡(𝑖), 𝑑𝑦(𝑖))
⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟

Indirect

, (9)

whereas the decomposition with two assets is given by

𝑑𝐶𝑡 = 𝑡𝑑𝑟𝑏 + 𝑡𝑑𝑟𝑎 +𝑀 𝑡𝑑𝑇 + 𝐶𝑂𝑉𝑖(𝑀𝑡(𝑖), 𝑑𝑇 (𝑖))
⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟

Direct

+𝑀 𝑡𝑑𝑦 + 𝐶𝑂𝑉𝑖(𝑀𝑡(𝑖), 𝑑𝑦(𝑖))
⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟

Indirect

. (10)

9 With steady state inflation equal to 0.
9 
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Table 4
Empirical and estimated moments of labor earnings in Chile at a quarterly
frequency.
Source: Unemployment Fund Administration, Chile.

Moment Data Model

Var log(𝑦𝑡) 0.719 0.714
Var Δ log(𝑦𝑡) 0.195 0.226
Var Δ20 log(𝑦𝑡) 0.463 0.448
Kur Δ log(𝑦𝑡) 11.18 11.617
Kur Δ20 log(𝑦𝑡) 6.21 6.076

5. Comparing SW-OA & SAM-OA HANK

Since there are several ways of modeling labor markets, and in particular, wage rigidities and search and matching are the two
ost popular, it is necessary to address the differences that arise from assuming one or the other. In this section, we explore that.
e compare the differential responses of the two labor market setups embedded in a HANK environment. We first present the

alibration and then compare SW-OA with SAM-OA using the above decompositions to analyze the effects of fiscal transfers.

.1. Calibration

ncome distribution and income risk. We embed the distribution of labor income inequality and risk in our model by estimating a
tochastic process that is composed by two terms, a permanent and a transitory component. We estimate the parameters of the
rocess and then discretize it to obtain a grid and a Markov chain.

We assume idiosyncratic income (in logs) is given by the sum of two processes 𝑧1𝑡 and 𝑧2𝑡:

𝑦𝑡 = 𝑧1𝑡 + 𝑧2𝑡 (11)

where 𝑧𝑖𝑡 follows

𝑧𝑖𝑡 = 𝜌𝑖𝑧𝑖𝑡−1 + 𝜎𝑖𝜀𝑖𝑡

𝜀𝑖𝑡 =

{

𝜇𝑖𝑡 ≥ 𝑝𝑖 ∼  (0, 1)
𝜇𝑖𝑡 < 𝑝𝑖 0

𝜇𝑖𝑡 ∼ 𝑈 [0, 1].

Therefore, we estimate parameters {𝜌1, 𝜌2, 𝜎1, 𝜎2, 𝑝1, 𝑝2}. As noted by the previous literature, the combination of these two processes
returns high kurtosis (given by a 𝑝𝑖 ≠ 0) and can match the moments of the growth in income at lower frequencies.

To match the moments of the empirical distribution with the income process in Eq. (11), we approximate 𝑧1 and 𝑧2 using a
iscretization method first proposed by Farmer and Toda (2017) and Tanaka and Toda (2013, 2015). This method is based on
atching conditional moments of the discrete approximation with the moments of the true continuous-state process. This is similar

o the Rouwenhorst method proposed by Kopecky and Suen (2010), extended for non-linear, non-Gaussian Markovian processes.
herefore, our job is to pin down the parameters that describe the processes 𝑧𝑖, namely 𝜌𝑖, 𝜎𝑖, 𝑝𝑖 to match the moments observed in
he data and then apply the method by Farmer and Toda (2017) to obtain the discretized version that we feed into the model. We
ind the parameters by minimizing a loss function that takes a proposed set of parameters and computes how far we are from the
esired moments.

Table 4 shows the moments of quarterly labor income for one-quarter and twenty-quarters log-change in labor income and the
ariance of the log of income (log(𝑦𝑡)). We observe that the variance increases with the lag of the difference, and these distributions
ave a high kurtosis, which decreases with the lag of the change. However decreasing, it is still higher than a normal distribution
or the twenty-period change. Table 4 shows that our model matches the empirical moments well.

We show the estimated parameters of the process in Table 5. We estimate a permanent process with high persistence with a
alf-life of around 43 years (a career shock) and a low probability of occurrence: workers receive these shocks every 3.5 years. The
ther shock is less persistent but more likely. Households receive it almost every quarter, while its half-life is about 0.4 quarters.
ith these parameters, we build the transition matrix to discretize them, and we consider three points for the persistent component

nd eleven for the transitory component.10

The incidence function we assume is exponential and given by

 (𝑧, 𝑌𝑡) =
1
𝑓0

exp
{

𝜉 𝑧 (𝑌𝑡 − 𝑌𝑠𝑠)
}

,

with 𝑓0 = ∫ exp
{

𝜉 𝑧 (𝑌𝑡 − 𝑌𝑠𝑠)
}

𝑑𝑧, which guarantees that ∫  (𝑌𝑡)𝑑𝑖 = 1 and we set 𝜉 such that we obtain the response pattern we
show in Fig. 3 in the baseline calibration.

10 This process suggests that in Chile, income risk is higher than what we observe in the United States (see online Appendix D for a comparison between
hile and the US). A reason for this high risk is the high worker turnover in Chile. Albagli et al. (2023) conclude that turnover in Chile is higher than all of

he OECD countries.

10 
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Table 5
Parameter estimates for idiosyncratic income process.
𝜌1 𝜌2 𝜎1 𝜎2 𝑝1 𝑝2
0.996 0.145 0.511 0.382 0.071 0.958

Labor markets. For the SAM-OA we use the same targets as in the main quantitative DSGE model of the Central Bank of Chile
(García et al., 2019): steady-state unemployment rate at 8%, the vacancy filling probability 𝑞(𝜃) = 0.8, and the separation rate to
= 0.04. In the steady state, the job-finding probability is given by

𝑢 = 𝑠
𝑠 + 𝑝(𝜃)

⇒ 𝑝(𝜃) = 𝑠 ⋅ 1 − 𝑢
𝑢

= 0.46.

he Nash Bargaining parameter is set to 𝜂 = 0.5 (as in García et al., 2019 and Mortensen and Pissarides, 1994). We set 𝛼 = 0.5
(Hosios condition). We calibrate the productivity of the matching function to satisfy the previous conditions, with 𝑚 = 𝑝(𝜃)

𝜃1−𝛼
. Finally,

we set the Frisch elasticity of labor supply 1∕𝜑 equal to one and we calibrate the disutility of labor to match 𝐻𝑡 = 1.
For the SW-OA model, we set the labor market markup, 𝜇𝑤, at 1.085 and the slope of the New Keynesian Wage Phillips curve,

𝑤, at 0.1.

irms. We set the steady state level of capital, as a share of annual GDP, at 2.01 (8.04 quarterly) to match the value of illiquid
ssets, as a fraction of GDP, from Table 1. The capital share 𝛼𝑘 is equal to 1/3. Steady-state productivity level 𝑍 is calibrated to

obtain a steady-state GDP equal to one (𝑌 = 1). The depreciation rate equals 0.01 (from García et al., 2019) and, in the baseline
calibration, the capital adjustment cost parameter, 𝜖𝐼 , is set to 0.5. Finally, we assume 10% markups (𝜇𝑝 = 1.1) and a slope of the
Price Phillips curve of 0.1.

Government. We set the Taylor rule parameters to 𝜙𝜋 = 1.25 and 𝜙𝑈 = −1 in the baseline calibration. We set the level of government
spending and fiscal transfers to ten percent of GDP each. Fiscal transfers have two components, a progressive and a non-progressive
transfer. We set both to 5% of GDP. Individual transfers are defined by a non-linear function 𝑓 (𝑧) = 𝑇𝑡𝑧

−ℵ𝑓 𝑓0, where 𝑓0 is a scalar
which ensures ∫ 𝑓 (𝑧)𝛹 (𝑖)𝑑𝑖 = 𝑇𝑡 and ℵ𝑓 is the level of progressivity. We solve the model with two transfers which only differ in the
progressivity level ℵ𝑓 . In the next sections, we introduce two types of policies simultaneously, progressive and non-progressive, to
match the distribution of two selected policies delivered in 2020. These parameters are ℵ𝒑 = −1.1 ℵ𝒏𝒑 = 0.4 in the progressive and
the non-progressive policies respectively. We explain how we set these parameters in the next section. In this paper, we assume the
government partially finance transfers with debt setting 𝜌𝑇 = 0.5 and we include a tax on dividends equal to 25%. (see García et al.,
2022 for further analysis of these assumptions).

Solution method. To solve this heterogeneous-agent model with borrowing constraints, we follow Auclert et al. (2021). To solve
the value function, we use Carroll (2006) endogenous grid method, which is a fast and accurate algorithm to solve these kinds of
problems. Then, we use a Newton method to solve the steady state of this economy. And finally, to solve the model with aggregate
shocks we follow Auclert et al. (2021) as well, who propose to write the model in its Sequence-Space and linearize around that
system of equations. We refer the reader to Auclert et al. (2021) for more details on the method.

Steady state calibration. To solve the steady state we leave free the disutility of labor (𝜓), the discount factor (𝛽), the level of labor
income taxes (𝜏𝑤), aggregate bonds holdings (𝐵𝑔), and the vacancy cost (𝑐𝑣) in the SAM-OA case. The targets we set are an interest
rate of 5% yearly, the share of hand-to-mouth 0.39, hours normalized to one, and the unemployment rate implicitly by satisfying
the free-entry condition in the labor market in the SAM-OA case. Additionally, 𝜏𝑤 is determined to satisfy the government budget
constraint. Table 6 shows that after this calibration procedure, we obtain in the SAM-OA model: 𝛽 = 0.95, 𝜓 = 0.57, 𝑐𝑣 = 0.18 which
leads to 0.8 percent of GDP in vacancy costs, a tax rate equal to 𝜏𝑤 = 0.09, and aggregate bond holdings equal to 0.18 as a share of
annual GDP (very close to the values in Table 1 of 0.19). On the other hand, in the SW-OA model, we obtain: 𝛽 = 0.94, 𝜓 = 0.73,
𝜏𝑤 = 0.1, and bond holdings equal to 0.32.

Additionally, Table 7 shows the MPCs implied by the two models we compare in steady state. We argue that this is the
main source of differences between the SAM-OA and the SW-OA. Because the SAM-OA has an additional layer of risk due to
unemployment, and unemployment would affect workers of all income levels, SAM frictions generate higher MPCs along the
distribution of income. In Table 7 we observe two additional facts: first, that MPCs are decreasing in income (because wealth
correlates with income); second that the difference between models, i.e., the effect of unemployment on MPCs, is also decreasing in
income. That is because labor income is more important at the bottom of the distribution than at the top of the distribution. As we
will see below, these facts have important effects on consumption dynamics, driving the differences between SW-OA and SAM-OA
models both on the size and the transmission mechanisms of the effects.

5.2. Response to a fiscal shock

In this section, we study the role of labor markets’ frictions in the transmission of fiscal transfers. We follow García et al. (2022)
by comparing the role of progressive and non-progressive transfers when monetary policy is loose (the monetary authority does not
11 
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Table 6
Calibration of SW-OA and SAM-OA models.

Description SW-OA SAM-OA Source/Target
Preferences

𝛽 Discount factor 0.95 0.95 Share of HtM (0.39)
𝛾 EIS 1 1 Garcia et al. (2019)
𝜓 Disutility of labor 0.60 0.50 Hours worked (1)
𝜑 Frisch elasticity 1 1 Standard Calibration
𝑟 Eq. interest rate 2% 2%
𝐵𝑔 Agg. bonds 0.33 0.21 Bonds’ mkt eq.
Labor Market and Wages

𝜂 Union’s bargaining power 0.5 Mortensen & Pissarides (1994)
𝛼 Elasticity matching fn. 0.5 Mortensen & Pissarides (1994)
𝑠 Separation rate 0.04 Unemployment rate (0.08)
𝑐𝑣 Vacancy cost 0.18 Internally calibrated
𝑚 Matching efficiency 0.537 Job finding rate
𝜇𝑤 labor mkt mkup 1.085
𝜅𝑤 Slope NKWPC 0.1
Fiscal and Monetary Policy

𝜏𝑤 Labor income tax 0.1 0.09 Internally calibrated
𝜙𝜋 Taylor rule (inflation) 1.25 1.25
𝜙𝑈 Taylor rule (unemployment) −1
Production

𝑍 TPF 0.53 0.52 Normalized aggr. output (1)
𝛼𝐾 Capital share 0.33 0.33 Garcia et al. (2019)
𝛿 Depreciation rate 0.01 0.01 Garcia et al. (2019)
𝜀𝐼 Capital adjustment costs 0.5 0.5 Auclert et al. (2020)
𝜇𝑝 goods mkup 1.1 1.1 Garcia et al. (2019)
𝜅𝑝 Slope of P.C. 0.1 0.1
𝐾 Capital in SS. 2.06 2.06 Data (Table 1)

Table 7
MPCs by quintile of the income distribution in SW-OA and SAM-OA.

Q1 Q2 Q3 Q4 Q5 Avg. MPC

SW-OA HANK 0.637 0.544 0.271 0.265 0.114 0.255
SAM-OA HANK 0.894 0.592 0.293 0.268 0.144 0.451

Note: The MPCs are expressed at a quarterly frequency.

espond to inflation, 𝜙𝜋 = 0) or tight (the monetary authority responds strongly to increases in inflation, 𝜙𝜋 = 1.25).11 Next, we
how the impulse responses and the decomposition of each case comparing SW-OA with SAM-OA.

oose monetary policy. Figs. 5 and 6 show the responses of macroeconomic variables to a fiscal transfer shock in the SW-OA and
he SAM-OA models, calibrated to generate the same impact response of the ratio 𝑤𝑡

𝑛𝑡
. With a loose monetary policy, fiscal transfers

have a big expansionary effect on consumption, with impact multipliers larger than one in the case of the progressive policy in both
models. The reason is that due to the unresponsive monetary policy, the increase in inflation generates a fall in the real rate in the
short run which stimulates the economy further. Quantitatively, and due to the calibration we use, the responses in both SW-OA
and SAM-OA are similar (this can be observed in the responses of the macroeconomic aggregates), but the transmission mechanisms
change, as can be seen in the responses of labor market variables and prices.

To understand the differences between both models, it is better to use the decomposition we propose in Section 4, which
separates the response of consumption into the effect of the real rate and the impact of marginal propensities to consume (and
their distribution). Fig. 7 shows the decomposition for SW-OA and SAM-OA, as well as progressive and non-progressive policies
with their respective differences. Note that in our calibration, the impact of policies not only depends on the progressivity of the
policy but depends on the model assumptions. We decompose the consumption response to the transfer, calling it the direct effect,
and an indirect effect (from changes in 𝑑𝑦𝑡(𝑖)) which is the response of consumption to labor income (represented by wages, hours,
and labor income taxes) and dividends. For completeness, we include the effect of the interest rate.

Note the effect of the larger MPCs in SAM-OA. This is represented by the dark-green bar in Fig. 7. In both cases, the dark green
bars are larger in SAM, which means that the direct-average effect of these policies is larger in SAM. While this is true on average,
the SW-OA has (on impact) a larger cross-sectional effect from transfers, that becomes lower from the second quarter. All this implies
that the initial impulse in SAM-OA is larger than in SW-OA due to higher MPCs (which we describe in Table 7).

Recall that a feature we include in the model is the cross-sectional unequal responses of labor income to the shocks (see Section 2)
that in addition to the countercyclical markups and unemployment in SAM-OA, generates cross-sectional responses of income (𝑑𝑦𝑡(𝑖)).

11 García et al. (2022) define progressivity of transfers which match fiscal transfer schemes in times of COVID in Chile.
12 
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Fig. 5. IRFs of Macroeconomic Variables to a progressive/non-progressive Fiscal Transfer Shock in SW-OA model, loose Monetary Policy.

Fig. 6. IRFs of Macroeconomic Variables to a progressive/non-progressive Fiscal Transfer Shock in SAM-OA model, loose Monetary Policy.

These facts generate responses in the component 𝐶𝑂𝑉 (𝑀𝑡(𝑖), 𝑑𝑦𝑡(𝑖)). We find that the cross-section term jumps in both policies;
however, in the SW-OA that term is more responsive and drives most of the effects of fiscal transfers. This means that to generate
amplification, SW-OA needs features that generate redistribution between MPCs to a larger extent than SAM-OA, in which the
average effects of shocks mainly drive the action. This could be due to the effects of having higher MPCs, but also to the effect of
unemployment, which is about similar for all households.

Tight monetary policy. Figs. 8 and 9 show the responses of macroeconomic variables to a fiscal transfer shock in the SW-OA and
the SAM-OA models respectively. With a tight monetary policy, fiscal transfers have a low expansionary effect on consumption,
with impact multipliers slightly positive but with a dynamic response negative from the second quarter. This implies that to have
a strong response of aggregates to fiscal policy, monetary policy should not react in the opposite direction.
13 
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Fig. 7. Consumption Decomposition, SW and SAM Model with a loose Monetary Policy. (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of this article.)

Fig. 8. IRFs of Macroeconomic Variables to a progressive/non-progressive Fiscal Transfer Shock in SW-OA model, tight Monetary Policy.

Fig. 10 displays the decomposition in this case. It shows a similar result we had before. In this case, we also find that cross-
sectional effects are stronger in SW-OA than in SAM-OA, while the average effects are stronger in the SW-OA. Finally, the effect of
the interest rate is very similar in both settings, with again, the SAM-OA being stronger than in SW-OA.
14 
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Fig. 9. IRFs of Macroeconomic Variables to a progressive/non-progressive Fiscal Transfer Shock in SAM-OA model, tight Monetary Policy.

Fig. 10. Consumption Decomposition, SW and SAM Model.
15 
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Table 8
MPCs by quintile of the income distribution in SW-OA and SW-TA.

Q1 Q2 Q3 Q4 Q5 Avg. MPC

SW-OA HANK 0.637 0.544 0.271 0.265 0.114 0.255
SW-TA HANK 0.593 0.524 0.479 0.335 0.2096 0.428

Note: The MPCs are expressed at a quarterly frequency.

. Comparing SW-OA with SW-TA HANK

Recent literature emphasizes the importance of the asset structure for monetary policy (see Kaplan et al., 2018 and Luetticke,
021), in particular on the role of assets liquidity for the transmission of monetary policy shocks and the generation of high marginal
ropensities to consume. They argue that having only a liquid asset does not generate the MPCs we observe in empirical analyses,
nd a way to generate them is to split total household wealth into liquid and illiquid assets.

In particular, Kaplan et al. (2018) conclude that when considering two assets, the transmission of monetary policy substantially
hanges; this is, there is a more prominent role of the indirect effects from monetary policy shocks (those unrelated to the interest
ate the monetary authority controls). However, in the previous section, we showed that a one-asset model with a fully illiquid
sset works similarly to what is exposed by Kaplan et al. (2018). Therefore, in this section, we compare our OA-SW model described
reviously and a two-asset sticky wages model. We compare the response of consumption to monetary policy shocks, focusing on
he transmission mechanisms. The idea is to establish the need to incorporate more complexity (a second asset) into an already
omplex model. First, we show the calibration of the SW-TA model and then compare this with the SW-OA model we analyzed
bove.

.1. Calibration

Most of the calibration of the Two-Asset model is the same as the one-asset models described above. Nevertheless, in the SW-TA
odel, as the illiquid asset holdings are a choice, we must calibrate it accordingly. Therefore, two dimensions are left to calibrate

n the SW-TA model. First, the parameter of the profits’ distribution 𝜛; and second the liquidity cost function

𝛷𝑡(𝑎′, 𝑎) =
𝜙1
𝜙2

|

|

|

|

|

𝑎′ − (1 + 𝑟𝑎𝑡 )𝑎
(1 + 𝑟𝑎𝑡 )𝑎 + 𝜙0

|

|

|

|

|

𝜙2
|

|

(1 + 𝑟𝑎𝑡 )𝑎 + 𝜙0
|

|

, (12)

with 𝜙0 representing the absolute value of changing the portfolio, which generates an inaction zone for the deposits to the illiquid
account; 𝜙1 controls the level of the cost of changing the portfolio which affects the marginal decision between investing in the
wo assets, and hence, determines the spread between the liquid and illiquid assets; and 𝜙2 which is the curvature of the cost. We

set 𝜙2 = 2.03, and calibrate 𝜙0 to match the share of wealthy hand-to-mouth according to Table 2. We obtain 𝜙0 = 0.01. Then, we
calibrate 𝜙1 to match the level of total illiquid assets according to Table 1. We obtain 𝜙1 = 8.05. Finally, and similar to the previous
section, we calibrate 𝛽, 𝜑, and 𝐵 to close the liquid assets market, the labor supply in 𝐻 = 1, and the share of poor hand-to-mouth
according to Tables 1 and 2. We obtain 𝛽 = 0.97, 𝜓 = 0.7, 𝐵 = 0.19. The remaining parameter is 𝜛, which we set (similar to Kaplan
et al., 2018) equal to 𝛼.

Table 8 shows the MPCs implied in the SW-OA and the SW-TA models. On average, the SW-TA model has larger MPCs.
Furthermore, note that MPCs decline much slower than in the SW-OA model. Note also that the lower quintile has a slightly lower
MPC in the SW-TA than in the SW-OA. As a result, MPCs are flatter in the SW-TA model than in the SW-OA. This is due to the
existence of wealthy hand-to-mouth in this model, which are households with relatively high income and illiquid wealth and without
liquid assets.

6.2. Monetary policy shocks

Figs. 11 and 12 show the impulse responses of the main macroeconomic variables to a monetary policy shock and the
decomposition of the consumption response to a monetary policy shock. In this exercise, we calibrate the shock to have the same
consumption response on impact in both models and the same remainder parameters. Fig. 11 shows that the output response is
stronger in the SW-TA model than in the SW-OA. The reason is the investment behavior because a fall in the nominal interest rate
generates a boom in consumption and investment in both models, and the incentives to accumulate capital rise. Here we observe
the main difference between the fully illiquid and the partially illiquid models: since in the SW-TA model households are allowed
to accumulate capital actively as well, and it is a decision at an individual level, we observe a stronger response of investment
than in the SW-OA for a given response of consumption. This is a key result from the SW-TA model, since for a given response
of consumption there is also a higher output response, due to demand for investment. Additionally, the persistence of investment
is higher in the SW-TA, even though the real interest rate recovers quickly; this result also arises from household decisions to
accumulate illiquid assets.

Fig. 12 shows the decomposition for both the SW-OA and SW-TA models. We decompose the consumption response into the liquid
and illiquid interest rates (when this applies), and we call direct effect the response of the liquid interest rate. On the other hand,
we define as indirect effects (𝑑𝑦 (𝑖)) the response of consumption to labor income (represented by wages, hours, and labor income
𝑡
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Fig. 11. Effects of a Monetary Policy Shock: SW-OA vs SW-TA.

Fig. 12. IRF Monetary Policy Shock Decomposition.

taxes) and dividends. As above, we show the effects from the other income sources split into the average and the cross-sectional
effects. We find insignificant differences between the response of consumption in both models. Even though investment is more
persistent in the SW-TA model, this does not affect consumption dynamics (recall that we designed the exercise to have the same
consumption response on impact in both models). However, we find that the transmission mechanisms are very different between
SW-TA and SW-OA models.

As Fig. 12 shows, we find that in the SW-TA model, most of the effect is due to the interest rate on the illiquid asset. The reason
is that the response of the illiquid interest rate 𝑟𝑎𝑡 increases significantly, mainly due to the rise in the return to capital. That effect
gives a stronger rise in investment that expands output further than in the SW-OA. This latter effect makes the indirect effect of
the indirect effect significantly lower than the effect on the interest rate. In Online Appendix G we show the same exercise for
the case of low capital adjustment costs and that the transmission mechanism changes significantly. Thus, for the calibration for
Chile, monetary policy also relies on the response of investment and the responses are mostly indirect through illiquid assets and
cross-sectional effects.12

12 The effects of an investment in HANK is also studied by Alves et al. (2020) that extend Kaplan et al. (2018) with capital adjustment costs and by Auclert
et al. (2020) show that investment is key to the transmission mechanism of monetary policy in HANK.
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7. Conclusions

From a diverse set of administrative microdata for Chile, we document substantial heterogeneity in asset holdings, income
ources, levels, and their cyclicality across the household income distribution. In particular, we show higher prevalence of hand-to-
outh households compared to the US, with greater income (and unemployment) risk. Additionally, we show that the income of

ower quintile households is more responsive to shocks than for higher quintiles.
Considering those facts, we build – and calibrate to Chilean data – different Heterogeneous Agents New Keynesian models to

tudy the transmission mechanisms of fiscal and monetary policy shocks through consumption.
First, we compare labor market setups. We find that specifications with SAM feature larger MPCs, which leads to more significant

irect effect of fiscal policies than in a sticky wages model specification. Additionally, the SAM specification’s higher average MPCs
ead to higher overall response to transfers, where the average response dominates the cross-sectional effects. Facing monetary
hocks, we show that the cumulative response in a SAM specification is larger for a shock calibrated to generate the same
onsumption response on impact. We attribute this difference to a cross-sectional effect of the monetary policy shock that operates
hrough unemployment, which is persistent in SAM and absent in the sticky wages specification. Second, we study different financial
arkets setups, in particular, the role of assets liquidity. We find that for our calibration, the differences between the SW-TA and

he SW-OA specifications come from the accumulation of illiquid assets. In the two assets specification, we find an additional source
f capital stock persistence coming from illiquidity costs that propagates into labor income and to the rate return to capital. This
eads to a redistribution between capital and labor where, when capital goes up, shocks are amplified.

This paper is part of an ongoing effort at the Central Bank of Chile to understand consumption dynamics and identify the
ost critical elements within the HANK toolkit. Further research avenues include incorporating open economy considerations

nd expanding labor market features, given their key role in driving consumption fluctuations within HANK models. Additionally,
nalyzing the role of heterogeneity in consumption across different goods during business cycles remains an open question.
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