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Abstract

In this thesis, I use a three-agent New Keynesian (THRANK) dynamic stochas-

tic general equilibrium model, which features poor-, wealthy- and non-hand-to-mouth

(HtM) households. I augment the model by introducing nominal wage rigidities to

account for empirical evidence regarding wages and profits. I find that following an

expansionary monetary policy shock, the dampened increase in real wages causes the

consumption responses of wealthy- and especially poor-HtM households to decline rel-

ative to the baseline model. Furthermore, the sign of the profit response reverses when

wages are sticky, which increases non-HtM household income compared to the flexible

wage model. As a result, redistribution from low-MPC to high-MPC households de-

creases, suggesting lower amplification compared to the baseline THRANK model. At

the same time, rigid wages dampen the aggregate inflation response, resulting in per-

sistently lower nominal interest rates, which increases non-HtM consumption through

the intertemporal substitution channel. Thus, when nominal wages are present in the

THRANK model, the aggregate output response can be similar to the flexible wage

model, whereas the underlying transmission and redistribution channels differ.
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1 Introduction

Following the global financial crisis and the introduction of unconventional monetary pol-

icy tools, more attention has been given to the interaction of monetary policy with income

and wealth inequality (De Haan, 2019). Models featuring one representative agent, referred

to as Representative-Agent New Keynesian (RANK) models, are not able to generate any

distributional consequences of monetary policy. By matching empirical distributions of in-

come and wealth, Heterogeneous Agent New Keynesian (HANK) models are more suitable

for reproducing the empirical evidence on heterogeneous responses to shocks (Eskelinen,

2021). In these models, uninsurable idiosyncratic shocks arise due to incomplete insurance

markets, generating heterogeneous shocks on labour income. In contrast, RANK models

feature complete insurance markets with a representative agent, so that these models only

generate effects that are the same for each agent (Kaplan et al., 2018). Thus, taking into

account agent heterogeneity in New Keynesian models generates a better understanding

of monetary transmission channels and the redistributive effects of monetary policy.

Yet, HANK models are typically not analytically tractable as the uninsurable id-

iosyncratic shocks generate a non-degenerate time-varying wealth distribution, so that

the distribution is an infinite dimensional state variable. As a result, HANK models have

to be analyzed using numerical techniques, which can make it more difficult to understand

the exact transmission mechanisms responsible for the results (Debortoli & Galí, 2017).

Hence, simpler models that can produce similar monetary transmission channels to HANK

models while being analytically tractable are desired. Debortoli & Galí (2017) show that

a simple Two–Agent New Keynesian (TANK) model can approximate the aggregate re-

sults of HANK models reasonably well, without capturing the underlying transmission

mechanisms and redistributive channels that are present in HANK models. Eskelinen

(2021) introduces agent heterogeneity by developing a Three-Agent New Keynesian model

(THRANK) model. Approximating the behaviour of three different representative agent

groups following a contractionary monetary policy shock, Eskelinen argues that this model

can reproduce many monetary policy transmission channels that are present in a HANK

model.

Although incorporating agent heterogeneity in this way is valuable as it increases

the understanding of the transmission of monetary policy and its redistributive effects,
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some of the model dynamics are at odds with empirical evidence. In general, standard

New Keynesian models, with sticky prices and flexible wages, generate an overreaction in

real wages, leading to a sharp rise in marginal costs following an expansionary monetary

policy shock. According to data, the response of real wages to monetary policy shocks is

small (Christiano et al., 2005). Moreover, VAR evidence shows that profits are procyclical

with respect to monetary policy shocks (Hartwig & Lieberknecht, 2020). Yet, in stan-

dard New Keynesian models, profits and markups are countercyclical. Considering these

discrepancies between theory and data, analyzing the distributional effects and transmis-

sion mechanisms of monetary shocks using these standard models could be misleading.

Hence, in this thesis I will examine to what extent introducing nominal wage rigidities

to the THRANK model can resolve these discrepancies with the data. Furthermore, I

will compare the effects of an expansionary monetary policy shock in an economy with

rigid prices and flexible wages to an economy with both rigid prices and wages. I run the

same analysis for RANK and TANK models, to compare how these models differ when

wage rigidities are taken into account. Finally, I will discuss the redistributive effects of

monetary policy and its implications for inequality, using a THRANK model with sticky

prices and wages.

I follow Eskelinen (2021) in developing the baseline THRANK model. In the baseline

model, price rigidities are modelled using the Calvo staggered pricing assumption. Follow-

ing Galí (2008) and Erceg et al. (2000), I introduce wage rigidities in an analogous way. In

line with Christiano et al. (2005), I find that nominal wage rigidities dampen the increase

of real wages of the three different household types, resulting in lower marginal costs for

firms, so that even when prices adjust sluggishly, profits display procyclical behavior in

response to an expansionary monetary policy shock. In this way, adding sticky wages to

the THRANK model can bring the underlying model dynamics more in line with empirical

evidence. Furthermore, I find that nominal wage rigidities dampen the inflation response

to an expansionary monetary policy shock, leading to relatively lower and more persistent

nominal interest rates set by the central bank, which corresponds to findings by Broer,

Harbo Hansen, et al. (2020) and Galí (2008). Households that are more dependent on

labor income for their consumption, are most affected by the introduction of wage rigidi-

ties, so that their consumption response falls relative to the model with flexible prices.

Yet, households which have access to financial markets and receive financial and business
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income, are less affected and increase their consumption relative to the model with flexible

prices. As a result, and in line with Broer, Harbo Hansen, et al. (2020), redistribution

from high-income to low-income households is reduced, relative to the baseline model.

This means that the reduction in inequality found in the baseline THRANK model with

flexible wages is lower when wage rigidities are introduced. Comparing the results of the

THRANK model to a RANK and TANK model reveals that the decrease in redistributive

effects only results in a slight decrease in output amplification in the THRANK model,

as the lower and more persistent nominal interest rates increase the importance of the di-

rect intertemporal substitution channel. The latter increases the consumption response of

the unconstrained households, which, depending on the calibration of their labor income

share, can offset the decrease in consumption of the constrained households. This signifies

that the aggregate output response of the THRANK model with flexible and rigid wages

are similar, but that the underlying mechanisms differ.

In the remainder of this thesis, I will first discuss the existing literature on the impli-

cations of agent heterogeneity and labor market imperfections for monetary transmission

and redistribution. In section 3, I will describe the baseline THRANK model and the

introduction of nominal wage rigidities, after which I elaborate on the calibration of the

model in section 4. In section 5, I will discuss the impulse response functions (IRFs) of

the baseline and wage rigidity THRANK models, I will then compare these results to the

RANK and TANK models, after which I will discuss implications of sticky wages for the

redistributive effects of monetary policy. In section 6, I will examine the sensitivity of the

model to certain parameter values. Finally, in section 7, I will discuss the conclusions and

the limitations.

2 Literature review

Agent heterogeneity in New Keynesian models

The traditional models used by central banks to assess the effects of a monetary policy

shock on the economy feature one type of representative agent. In these RANK models,

monetary policy works almost exclusively through the intertemporal substitution channel.

The reason that temporary income and wealth effects exert a minor influence on consump-

tion choices is that the representative agent is a permanent income consumer, meaning
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that it has an unlimited ability to save and borrow. As a result, agents have the ability to

smooth their consumption in response to transitory changes in income (De Haan, 2019).

Yet, empirical evidence refutes the strong effect of movements in real interest rates on

aggregate consumption through the substitution effect, as predicted by RANK models

(Campbell & Mankiw, 1989; De Haan, 2019; Kaplan et al., 2018).

This gave rise to TANK models, which feature an additional type of agent, one that

does not have access to financial markets and thus lacks the ability to smooth consumption.

As a result, these hand-to-mouth (HtM) agents tend to be highly sensitive to changes in

their labor income and insensitive to changes in real interest rates (Colciago et al., 2019).

Due to their inability to save or borrow, HtM households’ marginal propensity to consume

(MPC) equals one, meaning that they will consume all of their current period income, and

thus all of their transitory income following a monetary policy shock. In contrast, non-

HtM (or Ricardian) households distribute additional income over many periods as they

consider it as an effect on their permanent income, which is in line with the permanent

income hypothesis (PIH) (Eskelinen, 2021). Thus, the key difference between RANK and

TANK models is that in the latter, a fraction of households face a binding borrowing

constraint in each period. This affects the aggregrate consumption response as agents

with high MPC rates consume relatively more of their transitory income, amplifying the

aggregate output response to a monetary policy shock (Debortoli & Galí, 2017).

The importance of agent heterogeneity in modelling monetary transmission chan-

nels, and a growing interest in the distributional effects of monetary policy, led to the

development of heterogeneous agent (HANK) models. In these models, agents are unable

to insure themselves against idiosyncratic income shocks, so that they engage in precau-

tionary savings. The idiosyncratic shocks affect households’ distributions of wealth and

income, leading to a full spectrum of heterogeneous agents (Eskelinen, 2021). Debortoli

& Galí (2017) elaborate on three key differences with TANK models. First, the fraction

of constrained agents is endogenous in HANK models and depends on the effect of the

shock on the wealth composition and distribution, whereas this fraction is constant in

TANK models. Second, in HANK models idiosyncratic income shocks give rise to precau-

tionary savings, meaning that households’ current decisions are affected by the likelihood

of becoming financially constrained in the future. Finally, unlike TANK models, HANK

models are more complex due to the need to keep track of distribution of wealth and its

7



changes over time. As a result, nontrivial computational techniques are needed to solve

for the equilibria of HANK models, which can make it more difficult to understand the

exact mechanisms underlying the results (Debortoli & Galí, 2017). Hence, simpler models

that can produce similar monetary transmission channels to HANK models, while being

analytically tractable, are desired.

THRANK: a tractable HANK model

The extent to which simpler models can produce the results of a full-scale HANK model, is

determined by their ability to model the sources of heterogeneity present in HANK models.

Depending on the modelling assumptions, these sources of heterogeneity generally run

along three lines: (1) changes in the average consumption response between agent groups,

(2) changes in consumption responses within agent groups, and (3) changes in the shares

of agent groups present in the economy (Debortoli & Galí, 2017). RANK models do not

feature any of the heterogeneity sources. TANK models on the other hand, capture the

first source of heterogeneity, so that these models approximate the aggregate effects of

a monetary policy shock in a HANK model reasonably well (Debortoli & Galí, 2017).

Bilbiie (2020) extends a TANK model by introducing idiosyncratic uncertainty through

an exogenous stochastic change in whether agents are constrained or unconstrained in each

period. Although the agent shares remain the same across periods, the risk of becoming

constrained in the future gives rise to a precautionary saving motive, thereby matching the

self-insurance channel as introduced by the third source of heterogeneity in HANK models.

Only the second source requires the development of a full-scale HANK model. Compared

to a simple TANK model, Eskelinen (2021) models the first source of heterogeneity more

extensively in her THRANK model, as she increases agent heterogeneity by introducing a

third agent.

The three different agent groups are based on research by Kaplan et al. (2014), who

argue that based on agents’ balance sheets, HtM households consist of poor-HtM and

wealthy-HtM households. The latter group is an often overlooked but highly relevant

part of the population: their consumption responses are highly sensitive to transitory

income shocks, like HtM households in TANK models, whereas their portfolio compositions

are similar to those of non-HtM households (Kaplan et al., 2014). Both types of HtM

households are characterized by holdings of little or no liquid wealth, yet, unlike poor-

8



HtM households, wealthy-HtM households hold substantial illiquid wealth. Compared to

the liquid asset, the illiquid asset has a higher return and changes in these assets come with

a transaction cost. Note that wealthy-HtM households have access to financial markets,

yet consumption smoothing requires them to save and to forgo the higher return on the

illiquid asset, lowering long-run consumption (Kaplan et al., 2014). Thus, wealthy-HtM

behavior results from the trade-off between the short-run cost of having fewer liquid assets

at one’s disposal to smooth consumption and the long-run gain from investments in illiquid

assets (Kaplan et al., 2014).

In a simple TANK model, all HtM households are considered poor-HtM, meaning that

there is no balance sheet effect of wealthy-HtM agents. The latter group is considered to

be a key driver of the aggregate results in HANK models due to their MPC rates and

their portfolio composition (Kaplan et al., 2018). Hence, as the THRANK model includes

wealthy-HtM households next to non- and poor-HtM households, it can produce several

monetary policy transmission channels that are present in HANK models. Moreover,

HANK models play an important role in assessing the redistributive effects of monetary

policy and the subsequent implications for inequality (Broer, Harbo Hansen, et al., 2020;

Feiveson et al., 2020; Kaplan et al., 2018). As some of these redistribution channels

operate through balance sheet heterogeneity, TANK models cannot capture these effects.

Therefore, the THRANK model can be used as a tractable alternative to a full-scale HANK

model in assessing the aggregate effects of a monetary policy shock, shedding light on the

underlying transmission mechanisms, the redistributive effects, and the implications for

inequality. Table 1 provides a broad overview of the different models discussed so far.

Table 1: Overview of the New Keynesian models

Model Number of agents Type of agents Analytically tractable
RANK 1 Non-HtM Yes
TANK 2 Non-HtM Yes

Poor-HtM
THRANK 3 Non-HtM Yes

Wealthy-HtM
Poor-HtM

HANK Full spectrum No
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Monetary transmission and redistribution

As described above, the degree of agent heterogeneity in New Keynesian models can affect

the presence and the relative strength of monetary transmission channels in the model.

Monetary transmission - the process through which monetary policy action transmits to

the economy - can be decomposed into direct and indirect effects (Kaplan et al., 2018).

The former refers to changes in variables resulting directly from a change in the nominal

interest rate, holding employment, prices and wages fixed. As such, the interest rate affects

households’ incentives to save (intertemporal substitution channel) and households’ net

financial income (cash flow channel), and thereby aggregate consumption and output

(Ampudia et al., 2018). Indirect effects emerge when the variables that are affected by

the change in the nominal interest rate, affect other variables. These general-equilibrium

effects run through the labor income channel, the wealth channel, and the inflation channel

(Eskelinen, 2021). How these channels operate and the extent to which they are present

in the THRANK model will be further discussed after the model is presented.

Kaplan et al. (2018) develop a quantitative HANK model, and find that in contrast

to RANK models, the indirect effects dominate the direct effects of a monetary policy

shock. They estimate that 80% of the transmission to the consumption response occurs

through indirect channels, while the remaining 20% runs through direct channels. Sim-

ilarly, Eskelinen (2021) estimates that the indirect effects account for over 60% of the

aggregate output response, which is larger than the share of transmission through indirect

effects in a typical TANK model. In a traditional RANK model, for any reasonable pa-

rameterization, monetary transmission operates almost exclusively through intertemporal

substitution, as the non-HtM households are able to smooth their consumption (Kaplan

et al., 2018). Adding constrained agents to the model increases the sensitivity to transi-

tory income changes, and thus transmission through indirect effects. Kaplan et al. (2018)

stress that this result has implications for the conduct of monetary policy. When direct

effects dominate, the monetary authority can effectively boost consumption and output

by influencing the interest rate. Yet, when indirect effects dominate, central banks have to

rely on a increase in household income generated by general equilibrium feedbacks, which

can be outside of their control.

A growing literature examines the interaction between monetary policy and inequal-
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ity. Although some of the effects remain ambiguous, literature suggests that contractionary

(expansionary) monetary policy tends to increase (decrease) inequality on average (see,

for instance, Ampudia et al., 2018; Coibion et al., 2017; Furceri et al., 2018; Hohberger

et al., 2020; Mumtaz & Theophilopoulou, 2017). New Keynesian DSGE models with

heterogeneous agents can contribute to this literature as they can capture the distribu-

tional effects of monetary policy. Auclert (2019) argues that redistribution is a channel

through which monetary policy affects the economy. Data suggests that those who gain

from unexpected expansionary monetary policy tend to have higher MPCs compared to

those who lose, meaning that a relatively larger share of the increase in income will be

consumed. The latter implies that redistribution amplifies the aggregate consumption and

output response. In line with this, the analysis by Eskelinen (2021) shows that the aggre-

gate responses in the RANK and TANK models, which do not feature the redistribution

channels as described by Auclert (2019), are smaller than the responses in the THRANK

model. Using a simplified HANK model, Bilbiie (2020) shows that when income inequal-

ity is countercyclical, meaning that the constrained agents’ income elasticity to aggregate

income is larger than 1, amplification effects increase with the share of constrained agents.

Therefore, the degree to which the effects of monetary policy shocks are amplified or

dampened, depends on both the presence of constrained agents and the type of income

distribution, which determines the degree of redistribution to the high MPC-agents.

Labor market imperfections

Finally, the added value of agent heterogeneity in terms of generating various monetary

transmission and redistribution channels is contingent on the extent to which the model

dynamics behave in line with empirical evidence. In general, standard New Keynesian

models with flexible wages and rigid prices, generate a large response in real wages, leading

to a sharp rise in marginal costs following an expansionary monetary policy shock (Galí,

2008). As prices respond sluggishly, firms’ markups over marginal costs decline, causing

profits to fall. Thus, these textbook models feature a countercyclical response in firms’

markups and profits to a monetary policy shock (Broer et al., 2015).

Yet, these dynamics are at odds with empirical evidence. For example, Coibion et al.

(2017) find that labor earnings are relatively insensitive to monetary policy shocks, as the

response of real wages to contractionary monetary policy shocks is insignificant over the
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sample period 1969-2008. In contrast, they find that business income (profits) significantly

falls following a contractionary shock. In line with this, Christiano et al. (1997) find that

profits decline and wages fall only moderately in response to a contractionary shock.

Recent VAR evidence by Cantore et al. (2021) suggests that the labor share responds

countercyclically to monetary policy shocks. Thus, following an expansionary monetary

policy shock, profit and capital income increase relative to labor income. Note, however,

that the procyclicality of the average wage can be underestimated through the composition

bias: if low-wage workers tend to enter during booms, the average wage merely decreases

through their low-wage contribution to the labor share (Basu & House, 2016; Solon et

al., 1994). Overall, empirical evidence rejects the strong procyclical response of wages

and the countercyclical behavior of profits, casting doubt on the ability of sticky price

models to quantitatively account for the estimated response of an economy to a monetary

policy shock. Among others, Christiano et al. (2005) and Broer, Harbo Hansen, et al.

(2020) show that nominal wage rigidities are essential for producing plausible responses

to a monetary policy shock in terms of output, inflation, profits, wages and hours worked.

In the THRANK model, prices are sticky while wages are flexible, so that it produces

the same inconsistencies with the data. In models with heterogeneous agents a larger

share of transmission runs through indirect effects, so that the aggregate effects are more

sensitive to responses in labor income, and thus to the modelling implications of the

wage-setting process. Kaplan et al. (2018) stress that by design their model ensures the

direct mapping of goods demand to labor income, but that altering the strength of this

relationship decreases the potency of monetary policy. Moreover, Bilbiie (2020) argues that

fiscal redistribution and labor market dynamics are key determinants of whether inequality

is pro- or countercyclical, and thus whether it leads to amplification or dampening effects.

In line with this, Broer, Harbo Hansen, et al. (2020) show that the source of nominal

rigidities affects the degree of redistribution following a monetary policy shock. The

redistributive effects of monetary policy are less strong in a model with sticky prices and

sticky wages, as opposed to a model with only sticky prices. This highlights the importance

of accurately modelling labor market imperfections for the conduct of monetary policy.
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3 Model description

I will first introduce the THRANK model, as developed by Eskelinen (2021). The model

features three distinct agent groups: poor-, wealthy- and non-HtM households. Eskelinen

(2021) follows the model by Iacoviello (2005) but introduces the wealthy-HtM households,

and simplifies the model by excluding entrepreneurs and capital, which is similar to Rubio

(2011). Households can save and borrow through one-period bonds, yet, agents differ in

respect to their access to the credit market. Both wealthy- and non-HtM households have

access to the credit market, although the latter group experiences a borrowing constraint.

Bonds represent the liquid asset, and housing constitutes the illiquid asset. Kaplan et

al. (2018) distinguish these assets in terms of their rate of return. Yet, in the THRANK

model, the liquid and illiquid assets differ in terms of their accessibility, as changes in

housing requires the payment of an adjustment cost. Additionally, housing is included

in the utility function of wealthy- and non-HtM households, so that households prefer to

adjust their bonds instead of their housing making the latter more illiquid. After having

discussed the baseline model, I will elaborate on the introduction of wage rigidities, and

show how it affects the model assumptions and equations.

3.1 Baseline model

3.1.1 Households

Non-HtM households

Non-HtM households maximize the following lifetime utility function:

E0

8
ÿ

t“0
β1trln c1

t ` v ln h1
t ´

pL1
tq

η

η
s (3.1)

Here, h1
t are the non-HtM housing holdings, and L1

t their hours of work. β1 is the non-

HtM households’ discount factor, v is a housing preference parameter, and η is a parameter

indicating labor supply aversion. c1
t is the non-HtM households’ consumption level at time

t. I assume the existence of a continuum of goods, indexed by i P r0, 1s, so that c1
t is a

consumption index given by:
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c1
t ”

ˆ
ż 1

0
c1

tpiq
1´ 1

ϵp di

˙

ϵp
ϵp´1

(3.2)

Where c1
tpiq is the quantity of good i, consumed by non-HtM households in period t, and

ϵp is the price elasticity of demand. Non-HtM households maximize their utility function

subject to the following budget constraint:

c1
t ` qtph

1
t ´ h1

t´1q `
Rt´1b1

t´1
πt

` ξ1
t “ b1

t ` w1
tL

1
t ` Ft (3.3)

Depending on the sign, b1
t is the real amount of debt or savings which is borrowed from

or lent to other agents in the economy. Rt is the nominal interest rate and πt ” Pt
Pt´1

represents the inflation rate in period t, where Pt is the period t price level. The real

housing price is qt and the adjustment cost of housing is defined as ξ1
t “

ϕqt

2

ˆ

h1
t´h1

t´1
h1

t´1

˙2
h1

t´1.

Here, ϕ is a housing adjustment cost parameter. The cost of changing the housing stock

captures possible transaction costs associated with selling or buying housing (Iacoviello,

2005). The wage rate of non-HtM households is w1
t, and Ft is the stream of profits they

receive from the monopolistically competitive final goods firms. The non-HtM household’s

problem is to choose savings (b1
t), labor hours (L1

t), and housing (h1
t) to maximize utility

subject to the budget constraint. The resulting first-order conditions (FOCs) are the same

as in the baseline model by Eskelinen (2021) and the extended model of Iacoviello (2005):

1
c1

t

“ β1Et
Rt

πt`1c1
t`1

(3.4)

w1
t “ pL1

tq
η´1c1

t (3.5)

1
c1

t

ˆ

qt ` ϕqt

ˆ

h1
t ´ h1

t´1
h1

t´1

˙˙

“
v

h1
t

`
β1

Etc1
t`1

ˆ

Etqt`1 `
ϕ

2 Etqt`1

ˆ

Eth
1
t`1

2 ´ h1
t
2

h1
t
2

˙˙

(3.6)

Equation 3.4 is the FOC w.r.t. b1
t, 3.5 is the FOC w.r.t. L1

t and 3.6 is the FOC w.r.t. h1
t.

Wealthy-HtM households

The wealthy-HtM households maximize a similar lifetime utility function:

E0

8
ÿ

t“0
β2trln c2

t ` v ln h2
t ´

pL2
t qη

η
s (3.7)
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As for non-HtM households, c2
t is a consumption index given by:

c2
t ”

ˆ
ż 1

0
c2

t piq
1´ 1

ϵp di

˙

ϵp
ϵp´1

(3.8)

Wealthy-HtM households maximize their utility subject to the budget constraint:

c2
t ` qtph

2
t ´ h2

t´1q `
Rt´1b2

t´1
πt

` ξ2
t “ b2

t ` w2
t L2

t (3.9)

The housing adjustment costs for wealthy-HtM households, is defined in the same way as

for non-HtM households, so that ξ2
t “

ϕqt

2

ˆ

h2
t ´h2

t´1
h2

t´1

˙2
h2

t´1. I impose that β2 ă β1, so that

wealthy-HtM households are less patient than non-HtM households. Hence, the interest

rate required for wealthy-HtM households to be indifferent between future and current

consumption, is higher than the rate required for non-HtM households to be indifferent.

Since the nominal interest rate in steady state is determined by β1 (the non-HtM discount

factor) and not by β2 (the wealthy-HtM discount factor), wealthy-HtM households are not

indifferent between future and current consumption and would want to borrow unlimitedly.

In this way, the non-HtM households are the creditors and wealthy-HtM households are

the debtors in this economy. The wealthy-HtM households face the following borrowing

constraint:

b2
t ď mEt

qt`1h2
t πt`1

Rt
(3.10)

In the borrowing limit, I introduce the parameter m, which is the maximum loan-to-value

(LTV) ratio. In practice the constraint will be binding as wealthy-HTM households will

want to borrow as much as possible to smooth their consumption. The FOCs are again

the same as in the models by Eskelinen (2021) and Iacoviello (2005), and now involve the

Lagrange multiplier, λ2
t , due to the binding borrowing constraint:

1
c2

t

“β2Et
Rt

πt`1c2
t`1

` λ2
t Rt (3.11)

w2
t “pL2

t qη´1c2
t (3.12)
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1
c2

t

ˆ

qt ` ϕqt

ˆ

h2
t ´ h2

t´1
h2

t´1

˙˙

“
v

h2
t

`
β2

Etc2
t`1

ˆ

Etqt`1 `
ϕ

2 Etqt`1

ˆ

Eth
2
t`1

2 ´ h2
t

2

h2
t

2

˙˙

(3.13)

` λ2
t mEtqt`1πt`1

Poor-HtM households

The poor-HtM households also maximize a similar utility function:

E0

8
ÿ

t“0
β3trln c3

t ´
pL3

t qη

η
s (3.14)

Again, c3
t is a consumption index given by:

c3
t ”

ˆ
ż 1

0
c3

t piq
1´ 1

ϵp di

˙

ϵp
ϵp´1

(3.15)

Poor-HtM households maximize their utility subject to the budget constraint:

c3
t “ w3

t L3
t (3.16)

These agents do not have access to financial markets such that they cannot borrow and do

not own housing. In each period, they spend all of their income on consumption, which

is why the value of their discount factor β3 is irrelevant for their maximization problem.

Since the poor-HtM households’ problem is to choose labor hours (L1
t) to maximize utility

subject to the budget constraint, I only get the labor market FOC, which is again the

same as in the models by Eskelinen (2021) and Iacoviello (2005):

w3
t “ pL3

t qη´1c3
t (3.17)

3.1.2 Firm sector

The firm sector consists of perfectly competitive intermediate goods producers and mo-

nopolistically competitive final goods producers. I deviate from the setup in Eskelinen

(2021), which features monopolistic competition in the intermediate goods market, and

perfect competition in the final goods market. Rather, I follow a structure similar to

Iacoviello (2005) for technical reasons.
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Intermediate goods producers

The intermediate goods producers produce an intermediate good in a competitive market

according to a Cobb-Douglas production function with constant returns to scale (CRS):

Yt “ AtpL
1
tq

αpL2
t qγpL3

t q1´α´γ (3.18)

The exponents in the production function represent the labor income shares of the different

agent groups: α is the non-HtM’s share, γ is the wealthy-HtM’s share and p1 ´ α ´ γq

is the poor-HtM’s share of labor income. Following Eskelinen (2021), I define At as a

technology variable which evolves according to an autoregressive process:

logpAtq “ ρAlogpAt´1q ` uAt (3.19)

The intermediate goods producers sell the intermediate good for the wholesale price P w

to the final goods producers, who transform it into a final good. The price index of final

goods is Pt, which is the price level in the economy. As such, intermediate goods firms

face the following profit function:

Ft “
YtP

w
t

Pt
´

ˆ

W 1
t

Pt
L1

t `
W 2

t

Pt
L2

t `
W 3

t

Pt
L3

t

˙

Ft “
Yt

Xt
´ pw1

tL
1
t ` w2

t L2
t ` w3

t L3
t q

Ft “
AtpL

1
tq

αpL2
t qγpL3

t q1´α´γ

Xt
´ pw1

tL
1
t ` w2

t L2
t ` w3

t L3
t q (3.20)

In equation 3.20, Xt ” Pt
P w

t
represents the average markup of final over intermediate goods,

and wt ” Wt
Pt

denotes the real wage. The firms maximize profits w.r.t. the three types of

labor, L1
t, L2

t , L3
t , resulting in the following FOCs:

w1
t “

αYt

XtL1
t

(3.21)

w2
t “

γYt

XtL2
t

(3.22)

w3
t “

p1 ´ α ´ γqYt

XtL3
t

(3.23)

The perfectly competitive intermediate goods firms make zero profit.
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Final goods producers

I assume the existence of a continuum of monopolistically competitive final goods produc-

ers, indexed by i P r0, 1s. The final goods producers buy Yt from the intermediate goods

producers in a competitive market. They pay the wholesale price P w
t , and differentiate

the good into Ytpiq, which they sell to households at Ptpiq. The aggregate output index

for final goods is:

Y f
t “

„
ż 1

0
Ytpiq

ϵp´1
ϵp di

ȷ

ϵp
ϵp´1

(3.24)

Given equation 3.24, the price index is:

Pt “

„
ż 1

0
Ptpiq

1´ϵp di

ȷ
1

1´ϵp

(3.25)

As such, every final goods producer faces an individual demand curve:

Ytpiq “

ˆ

Ptpiq

Pt

˙´ϵp

Y f
t (3.26)

The nominal profit function for firm i is given by:

F n
t piq “ pPtpiq ´ P w

t qYtpiq (3.27)

Filling in for the individual demand and integrating across firms gives:

ż 1

0
F n

t piq di “

ż 1

0

ˆ

Ptpiq
1´ϵp

P
´ϵp

t

Y f
t ´ P w

t Ytpiq

˙

di (3.28)

I follow Iacoviello (2005), and use that close to steady state Y f
t “

ş1
0 Ytpiq di equals Yt, so

that I will refer to Yt as total output in the remainder of the paper. I further use equation

3.25, to get the aggregate real profit function (Ft) for final goods producers:

F n
t

Pt
“

PtYt

Pt
´

P w
t Yt

Pt

Ft “

ˆ

1 ´
1

Xt

˙

Yt (3.29)
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Profits are paid out to the owners of the firm, the non-HtM households. Final goods

producers choose Ptpiq, taking the demand curve and P w
t as given. The producers face

Calvo price-setting and have a probability of 1 ´ θp to be able to reset their prices in each

period. The optimal reset price solves:

8
ÿ

k“0
pβ1θpqkEt

"

Λt,k

ˆ

P ˚
t piq

Pt`k
´

X

Xt`k

˙

Y ˚
t`kpiq

*

“ 0 (3.30)

P ˚
t piq denotes the individual firm’s reset price and Y ˚

t`kpiq “

ˆ

P ˚
t piq

Pt`k

˙´ϵp

Yt`k represents

the corresponding demand. Λt,k is the non-HtM household’s relevant discount factor:

Λt,k “ β1 c1
t

c1
t`k

and the steady-state markup is X “
ϵp

ϵp´1 . As not all firms are able to reset

their price, the aggregate price level evolves according to:

Pt “
“

θppPt´1q1´ϵp ` p1 ´ θpqpP ˚
t q1´ϵp

‰
1

1´ϵp (3.31)

3.1.3 Monetary policy rule

Finally, monetary policy is conducted by a central bank. The interest rate smoothing

Taylor rule is given by:

Rt “ pRt´1qrR

ˆ

π1`rπ
t´1

`Yt´1
Y

˘rY rr

˙1´rR

eR,t (3.32)

According to the rule, the central bank responds to past output and inflation. Interest

rate smoothing takes place when rR ą 0. rπ is the Taylor rule inflation parameter and rY

is a Taylor rule output parameter. rr is the steady-state real rate and eR,t is a white-noise

shock process with zero mean and variance σ2
e .

3.1.4 Equilibrium

When solving the system, the following markets have to clear in equilibrium. For each

household type, the labor market has to clear, meaning that the labor supply of non-HtM

households has to equal labor demand for non-HtM households L1
t “ L1

t. Similarly, for

wealthy- and poor-HtM households: L2
t “ L2

t , L3
t “ L3

t . The aggregate housing stock

is fixed over time, so that housing market clears by: H “ h1
t ` h2

t . The goods markets

have to clear, meaning that the supply of intermediate goods producers has equals the
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demand of final goods producers, and the final goods market has to clear according to:

Yt “ c1
t ` c2

t ` c3
t ` ξ1

t ` ξ2
t . Finally, the clearing condition for the market for loans is:

0 “ b1
t ` b2

t . The steady-state shares are as follows:

h2

H
“

p1 ´ β1qγ

γp1 ´ β1qpmv ` 1q ` rX ` α ´ 1sp1 ´ β2 ´ mrβ1 ´ β2 ´ vp1 ´ β1qsq
(3.33)

c1

Y
“

1
X

ˆ

pX ` α ´ 1q `
γmvp1 ´ β1q

1 ´ β2 ´ mpβ1 ´ β2 ´ vp1 ´ β1qq

˙

(3.34)

c2

Y
“

1 ´ β2 ´ mpβ1 ´ β2q

1 ´ β2 ´ mpβ1 ´ β2 ´ vp1 ´ β1qq

γ

X
(3.35)

c3

Y
“

p1 ´ α ´ γq

X
(3.36)

b2

Y
“

β1mv

1 ´ β2 ´ mpβ1 ´ β2 ´ vp1 ´ β1qq

γ

X
(3.37)

qh2

Y
“

v

1 ´ β2 ´ mpβ1 ´ β2 ´ vp1 ´ β1qq

γ

X
(3.38)

The dynamics of the model are governed by the following log-linearized system of equa-

tions:

pYt “
c1

Y
pc1
t `

c2

Y
pc2
t `

c3

Y
xc3

t (3.39)

pc1
t “Etp

yc1
t`1q ´ xrrt (3.40)

c2

Y
pc2
t “

b2

Y
pb2
t ´

qh2

Y
pxh2

t ´ zh2
t´1q ´

b2

β1Y
pzRt´1 ` yb2

t´1 ´ pπtq (3.41)

`
γ

X
p pYt ´ xXtq

xc3
t “ pYt ´ xXt (3.42)

pb2
t “Etp yqt`1q ` xh2

t ´ xrrt (3.43)

xRt “rR
zRt´1 ` p1 ´ rRqr yπt´1p1 ` rπq ` rY

zYt´1s ` yeR,t (3.44)

pqt ` ϕpxh2
t ´ zh2

t´1q “Et yqt`1βw ` p1 ´ βwqppv ´ xh2
t q ´ β2p1 ´ mqEt yct`1 (3.45)

` pc2
t p1 ´ β1mq ´ mβ1

xrrt ` β2ϕpEt
zh2

t`1 ´ xh2
t q

pqt ` ϕιpzh2
t´1 ´ xh2

t q “β1Et yqt`1 ` p1 ´ β1qpv ` p1 ´ β1qιxh2
t ` pc1

t ´ β1Et
yc1
t`1 (3.46)

` β1ϕιpxh2
t ´ Et

zh2
t`1q

pYt “
1

η ´ 1 rxAtη ´ xXt ´ αpc1
t ´ γ pc2

t ´ p1 ´ α ´ γqxc3
t s (3.47)

pπt “β1Et yπt`1 ´ λp
xXt (3.48)
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Where βw “ β1m ` β2p1 ´ mq, λp “
p1´θpq

θp
p1 ´ β1θpq, ι “ h2

H
1

1´ h2

H

, and the change in real

interest rate is defined as xrrt “ xRt ´ Etp yπt`1q. Equation 3.39 represents the log-linearized

aggregate consumption/output and 3.40 is the non-HtM Euler equation. Equation 3.41

and 3.42 capture the log-linearized budget constraints of wealthy- and poor-HtM house-

holds respectively. Equation 3.43 represents the wealthy-HtM borrowing constraint and

3.44 is the monetary reaction function. Combining the wealthy-HtM housing demand and

the Euler equation results in equation 3.45, and non-HtM housing demand is captured by

equation 3.46. Finally, equation 3.47 is the log-linearized production function and 3.48

is the forward-looking Phillips curve in the economy, which determines the inflation rate.

The full derivations of the steady-state shares and the log-linearized system of equations

can be found in appendix A.1.1 and A.1.2.

3.2 Introducing wage rigidities

I follow chapter 6 in the textbook by Galí (2008) when introducing nominal wage rigidities

to the model. In the baseline model, described in the previous section, households and

firms take the wage as given and the labor market is modelled as a perfectly competitive

market. This section departs from that assumption by introducing labor market imper-

fections. I use the superscript s to index the household type, meaning that s “ t1,2 ,3 u for

non-HtM, wealthy-HtM, and poor-HtM households respectively. Within the three house-

hold types, I assume a continuum of households, each of which specializes in one type of

labor, indexed by j P r0, 1s. Intermediate goods firms hire labor Ls
t pjq, to produce an

intermediate goods according to 3.18, so that the labor index can be defined by:

Ls
t ”

„
ż 1

0
Ls

t pjq
1´ 1

ϵw dj

ȷ
ϵw

ϵw´1
(3.49)

In equation 3.49, ϵw is the elasticity of substitution among labor varieties within each

household type. Given the firm’s total employment, intermediate goods producers demand

labor type j P r0, 1s according to:

Ls
t pjq “

ˆ

W s
t pjq

W s
t

˙´ϵw

Ls
t (3.50)

Here, Wt denotes the nominal wage, and is defined by the aggregate wage index:
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W s
t ”

„
ż 1

0
W s

t pjq1´ϵw dj

ȷ
1

1´ϵw

(3.51)

As in the baseline model, a continuum of final goods producers indexed by i P r0, 1s,

differentiate the intermediate good and sell the final goods to the households. The utility

function for each household type s can be written as:

E0

8
ÿ

t“0
β1t

`

ln cs
t pjq ` v ln hs

t ´
rLs

t pjqsη

η

˘

(3.52)

Where hs
t “ 0 for s “3, as poor-HtM households can not own housing, and cs

t pjq is the

consumption index, given by:

cs
t pjq ”

ˆ
ż 1

0
cs

t pi, jq
1´ 1

ϵp di

˙

ϵp
ϵp´1

(3.53)

In equation 3.53, i indexes the type of good, s the type of household, and j the type of

labor. Note that the difference with the baseline model is that next to the continuum of

differentiated goods i P r0, 1s on the firm side, there exists a continuum of differentiated

labor types j P r0, 1s on the household side. Thus, in the model with sticky wages, the

labor supplied is no longer identical within each household type, so that households enjoy

a certain degree of monopoly power in the labor market. I assume that for each j, the

wage decision is delegated to a union which acts in the interest of households by setting the

optimal wage. The way nominal rigidities are introduced is in line with Erceg et al. (2000),

in their paper the authors constrain the frequency with which wages can be adjusted, as

is the case for staggered price setting. Each period, only a constant fraction of unions

p1 ´ θwq, can reset the wage in an optimal way, causing wages to respond sluggishly to

shocks. I use the following log-linearized approximate wage setting rule from Galí (2008):

zW s ˚
t “ µ ` p1 ´ βsθwq

8
ÿ

k“0
pβsθwqkEtt {mrss

t`k|t ` zPt`ku (3.54)

Note that as the model consists of three agents, each household type s has a separate

nominal wage setting rule. For each agent type, zW s ˚
t is the newly optimized nominal

wage by the union and I define µ ” log Mw. Mw is the desired gross wage markup in
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the economy and can be defined as Mw ” ϵw
ϵw´1 . The intuition is that, first, the optimal

nominal wage increases in expected future prices, as rising expected future prices reduce

the purchasing power of their nominal wage. Second, the optimal nominal wage increases

in the expected disutilities of labor, as represented by the marginal rate of substitution

between consumption and labor. After some manipulation, equation 3.54 can be rewritten

as:

zW s ˚
t “ βsθwEt

zW s ˚
t`1 ` p1 ´ βsθwqpyW s

t ´
xµs

t ´ µ

1 ` ϵwp1 ´ ηq
q (3.55)

Where xµs
t ” yW s

t ´ pPt ´ zmrss
t . Given the Calvo-type wage adjustments, the aggregate wage

index can be written in log-linearized form as:

yW s
t “ θw

zW s
t´1 ` p1 ´ θwq zW s ˚

t (3.56)

Combining equation 3.56 with equation 3.55, results in the following expression for nominal

wages:

yW s
t “

zW s
t´1 ` βsEt

zW s
t`1 ´ λs

wpxµs
t ´ µq

1 ` βs
(3.57)

With λs
w ”

p1´θwqp1´βsθwq

θwr1`ϵwp1´ηqs
. I define wage inflation as yπs

w,t “ yW s
t ´ zW s

t´1 for each household

type s, equation 3.57 can be expressed as:

yπs
w,t “ βsEt

{πs
w,t`1 ´ λs

wpxµs
t ´ µq (3.58)

The intuition behind equation 3.58 is the same as behind the forward-looking Phillips curve

in the previous section. The gross wage markup describes the wedge between the real wage

and households’ marginal rate of substitution without wage rigidities. An expansionary

shock increases the marginal rate of substitution, in absence of wage rigidities, which

decreases the markup over real wages. The share of unions that are allowed to reoptimize

their nominal wage, p1 ´ θwq, desire to increase nominal wages to a level that maintains

(on average) the desired markup, leading to positive wage inflation. In this way, nominal

rigidities drive a wedge between the average marginal rate of substitution and the average
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real wage. Because the system of equations in section 3.1.4 is written in real terms,

I rewrite equation 3.57 using the relationship between real and nominal wages: yW s
t “

xws
t ` pPt, to obtain:

xws
t ´ zws

t´1 ` pPt ´ zPt´1
loooomoooon

xπt

“ βspEt
zws

t`1 ´ xws
t ` zPt`1 ´ pPt

loooomoooon

Et zπt`1

q ´ λs
wpxws

t ´ zmrss
t ´ µq

xws
t “

zws
t´1 ´ pπt ` βsEtpzws

t`1 ` yπt`1q ´ λs
wpxµs

t ´ µq

1 ` βs
(3.59)

Note that this can be written as:

yπs
w,t “ βsEt

{πs
w,t`1 ´ λs

wpxµs
t ´ µq (3.60)

xws
t “ zws

t´1 ` yπs
w,t ´ pπt (3.61)

As equation 3.60 replaces the optimality condition xws
t “ zmrss

t for each household, used

in section 3.1.4, the log-linearized production function changes to (see appendix A.1.3 for

the derivation):

pYt “
1

η ´ 1
“

ηxAt ´ xXt ´ αp pµ1
t ` pc1

tq ´ γpxµ2
t ` pc2

t q ´ p1 ´ α ´ γqpxµ3
t ` xc3

t q
‰

(3.62)

Using the equations above, I add the following equations to the system described in section

3.1.4:

yπ1
w,t “ β1Et

{π1
w,t`1 ´ λ1

wp pµ1
t ´ µq (3.63)

yπ2
w,t “ β2Et

{π2
w,t`1 ´ λ2

wpxµ2
t ´ µq (3.64)

yπw
t

3 “ β3Et
{πw

t`1
3 ´ λw

3pyµt
3 ´ µwq (3.65)

xwt
1 “ zwt´11 ` zπw,t

1 ´ xπt
1 (3.66)

ywt
2 “ {wt´12 ` zπw,t

2 ´ xπt
2 (3.67)

ywt
3 “ {wt´13 ` zπw,t

3 ´ yπt
3 (3.68)

pµ1
t “ xw1

t ´ pη ´ 1qp pYt ´ xXt ´ xw1
t ` pc1

tq (3.69)

xµ2
t “ xw2

t ´ pη ´ 1qp pYt ´ xXt ´ xw2
t ` pc2

t q (3.70)

xµ3
t “ xw3

t ´ pη ´ 1qp pYt ´ xXt ´ xw3
t ` xc3

t q (3.71)
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With λp “
p1´θpq

θp
p1´β1θpq, λ1

w ”
p1´θwqp1´β1θwq

θwr1`ϵwp1´ηqs
, λ2

w ”
p1´θwqp1´β2θwq

θwr1`ϵwp1´ηqs
, λ3

w ”
p1´θwqp1´β3θwq

θwr1`ϵwp1´ηqs
.

Note that I replace the production function, equation 3.47, with pYt “ 1
η´1

“

ηxAt ´ xXt ´

αp pµ1
t ` pc1

tq ´ γpxµ2
t ` pc2

t q ´ p1 ´ α ´ γqpxµ3
t ` xc3

t q
‰

, in addition to adding the 9 equations

above to the system. Equations 3.63, 3.64 and 3.65 are the log-linearized nominal wage

inflation equations for non-, wealthy- and poor-HtM households respectively. Equations

3.66, 3.67 and 3.68 display the relationship between nominal wages, wage inflation and

price inflation for the three types of households. Finally, equations 3.69, 3.70 and 3.71

are the log-linearized average wage markups of non-, wealthy- and poor-HtM households

respectively. Note that when the Calvo parameter for wage rigidity is set to a value close

to zero (when θw “ 0 the system is undefined), the responses of the wage rigidity model

will be identical to the baseline model. The full derivations of the equations in this section

can be found in appendix A.1.3.

4 Calibration

In the calibration I mainly follow Eskelinen (2021), who primarily uses the values given

in Iacoviello (2005), with some alterations. First, she follows Rubio (2011) in setting the

LTV-ratio to 0.9, which slightly differs from m “ 0.89 in Iacoviello (2005). This has

a minimal effect on the results and will be evaluated further in the sensitivity analysis.

Moreover, Eskelinen (2021) deviates from Iacoviello (2005), where ϕ “ 0.0, in setting the

housing adjustment cost parameter to 0.05, in line with Rubio (2011). The reason is

that in Iacoviello (2005) the model features capital, which he calibrates to have positive

adjustment costs, whereas the model at hand only features bonds and housing, meaning

that positive adjustment costs in housing are needed in order to vary the liquidity between

the two assets.

The model takes into account that the different household have different income

levels by using the labor income shares of the households for the values of the exponents

in the Cobb-Douglas production function, instead of the population shares. If the labor

income share exceeds the population share, the model takes into account that the returns

to this input of production are higher, corresponding to a higher wage, and vice versa.

The labor income shares can be calculated using estimates from Kaplan et al. (2014).

The authors argue that about one-third of the population in the United States (U.S.)
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corresponds to the HtM profile, of which two-thirds can be described as wealthy-HtM

households. Thus, the population shares of non-HtM, wealthy-HtM and poor-HtM are set

to 0.67, 0.22, and 0.11 respectively. They also report the approximate average income for

each household type at the peak of their earnings cycle, 70, 000$ for non-HtM, 50, 000$

for wealthy-HtM, and 20, 000$, which I multiply by the corresponding population shares.

Now, to obtain the labor income share of each household type, I divide these estimates

by the aggregate of the households, to get: 70,000$ˆ0.67
70,000$ˆ0.67`50,000$ˆ0.22`20,000$ˆ0.11 « 0.78,

50,000$ˆ0.22
70,000$ˆ0.67`50,000$ˆ0.22`20,000$ˆ0.11 « 0.18, and 20,000$ˆ0.11

70,000$ˆ0.67`50,000$ˆ0.22`20,000$ˆ0.11 « 0.04.

These values are in line with the shares in Eskelinen (2021), and comparisons of these

values with other papers will be discussed in the sensitivity analysis.

I deviate from the calibration in Eskelinen (2021) regarding the parameterization of

the steady-state markup. Andreasen & Dang (2019) find that the calibrated markup of

20% used by most New Keynesian models, is rejected by the data as it would lead to

too much profit variability for firms. Moreover, they argue that micro evidence supports

a higher markup and thus a lower demand elasticity. De Loecker et al. (2020) use firm-

level data to document the development of market power in the U.S. and find that in the

period from 1980 to 2016, aggregate markups rose from 21% to 61%. Andreasen & Dang

(2019) employ a new identification strategy and estimate the demand elasticity to be 2.58,

corresponding to a markup of 63%. Both Eskelinen (2021) and Iacoviello (2005) use a

steady-state markup of 1.05, which is even lower than the 20% markup which Andreasen

& Dang (2019) reject. To be conservative, I first follow (Galí, 2008) and set ϵp “ 6 in

the baseline model and the wage rigidity model, which corresponds to the commonly used

value for the price markup X “ 1.2. In the sensitivity analysis, I follow Andreasen &

Dang (2019) and set the steady-state markup parameter to 1.63 in both models.

Finally, given the lack of hard evidence on the exact size of the wage rigidity parame-

ter, I follow the calibration by Galí (2008), who sets θw “ 0.75. Galí (2008) motivates that

this value corresponds to an average duration of wage spells of four quarters, which is in

line with empirical evidence. A wage spell is a continuous period without a wage change.

Babeckỳ et al. (2010) find that the degree of wage rigidity depends on factors such as work-

force composition and the institutional environment of the labor market, and thus tends

to be country and sector dependent. Nominal wage rigidity, defined as the frequency of

wage freezes, is more prevalent in the United States than real wage rigidity, defined on the
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basis of wage indexation, whereas the opposite is the case in Europe. As the calibration of

the model is based on U.S. data, I focus on the introduction of nominal rigidities. I follow

Eskelinen (2021) in setting θp “ 0.75, which is identical to the parameterization of Erceg

et al. (2000), who set θp “ θw “ 0.75. Setting θw “ 0.75 serves the purpose of comparing

the effects of a monetary policy shock with and without wage rigidities, without deciding

on the ‘right’ degree of wage rigidity. In the sensitivity analysis I will elaborate on the

sensitivity of the results to the value of θw. I also follow Galí (2008) setting the value for

the elasticity of substitution between labor varieties (ϵw) to 6. As in Eskelinen (2021), I

choose the remaining parameters in line with those in Iacoviello (2005). Table 2 provides

an overview of the parameter values.

Table 2: Parameter values of the THRANK model

Parameter Description Value
β1 Non-HtM discount factor 0.99
β2 Wealthy-HtM discount factor 0.98
β3 Poor-HtM discount factor 0.98
α Labor income share of non-HtM households 0.78
γ Labor income share of wealthy-HtM households 0.18
η Labor supply aversion 1.01
θw Calvo nominal wage rigidity parameter 0.75
θp Calvo price rigidity parameter 0.75
ϵw Elasticity of substitution among labor varieties 6
ϵp Price elasticity of demand 6
v Weight on housing services 0.1
X Steady-state markup 1.2
m LTV ratio 0.9
ϕ Housing adjustment cost parameter 0.05
rR Interest rate persistence 0.73
rπ Taylor rule inflation 0.27
rY Taylor rule output 0.13
ρu Inflation shock persistence 0.59
ρj Housing preference shock persistence 0.85
ρA Technology shock persistence 0.03
σu Inflation shock standard deviation 0.17
σj Housing preference shock standard deviation 24.89
σA Technology shock standard deviation 2.24
σR Monetary policy shock standard deviation 0.29

27



5 Impulse responses

In this section I will discuss the impulse responses to a one standard deviation monetary

policy shock, which I obtain from solving the model in Dynare. First, I will compare

the baseline THRANK model developed by Eskelinen (2021) to the THRANK model with

wage rigidities. Second, I will compare the THRANK model to the widely-used RANK and

TANK models, in a flexible and rigid wage setting. Finally, I will discuss the redistribution

channels identified in literature, and compare how these channels operate in the baseline

and wage rigidity models.

5.1 Within THRANK model comparison

5.1.1 The dynamics of wages, markups and profits

I first examine the extent to which introducing sticky wages can bring the profit and wage

dynamics in the model more in line with empirical evidence. In figure 1, the black solid

lines correspond to the baseline model (θ “ 0)1, and the pink dashed lines display the

IRFs of the THRANK model with sticky wages (θw “ 0.75). The responses are expressed

as the percentage deviation from its steady-state level over a 20-quarter period.

Figure 1: The IRFs of real wages and profits in the THRANK model

1I use θw “ 0 to refer to the baseline model, which is the model without wage rigidities. Yet, note that
when using the wage rigidity model, θw cannot exactly be zero as this would cause λs

w to be undefined.
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First, nominal wage rigidities can strongly dampen the reaction of real wages to a

monetary policy shock. The first-period increase in real wages is 0.574% for non-HtM

households, 4.661% for wealthy-HtM households, and 2.584% for poor-HtM households,

in the baseline model. When the Calvo parameter for wage rigidities is 0.75, the first-

period wage response is 0.048% for non-HtM, 0.336% for wealthy-HtM, and 0.110% for

poor-HtM households. As only a fraction of unions can reoptimize the nominal wage for

the labor types they represent, the average real wage for each household type responds

sluggishly to an expansionary monetary policy shock.

Second, introducing nominal wage rigidity reverses the sign of the response of profits

to a monetary policy shock. In the baseline model, the first-period profit response is

´5.756%, and when the wage rigidity parameter is 0.75, the first-period profit response

is 0.665%. In both models, an expansionary monetary policy shock increases output

so that labor demand rises, resulting in an upward pressure on real wages. As such,

intermediate goods producers’ marginal costs increase, which under perfect competition

and flexible prices, results in an equal increase in the wholesale price P w. This implies

that the increase in wages translates into an equivalent increase in marginal costs for final

goods producers. Final goods producers operate in a monopolistically competitive market

and face rigid prices, meaning that for each firm marginal costs increase whereas only a

fraction of firms can reset their price in each period. As a result, the average markup

in the economy (Xt ” Pt
P w

t
) decreases. The implications for profits can be assessed by

log-linearizing equation 3.29:

pFt “ pYt `
1

X ´ 1
xXt (5.1)

An expansionary monetary policy shock increases output, so the first term has a positive

effect on profits. In contrast, the increase in marginal costs decreases the average markup

in the economy so that the second term exerts a negative effect. Nominal wage rigidities

dampen the increase in wages following the shock, so that the marginal costs of final goods

firms increase less, resulting in a lower decrease in the average markup. As a result, when

the Calvo wage rigidity parameter is high enough, the effect of a monetary policy shock

on profits is procyclical, bringing the model dynamics more in line with empirical data.
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5.1.2 The effects of a monetary policy shock on the economy

In the following section I will examine the effects of a one standard deviation monetary

policy shock on the aggregate variables in the economy, and explain how the underlying

transmission channels operate. After explaining the general directions of the effects, I will

comment on the differences between the IRFs of the wage rigidity model and those of the

baseline model.2

As displayed in figure 2, the lower nominal interest rate encourages consumption and

discourages saving through the intertemporal substitution channel. As a result, aggregate

demand increases, resulting in a positive effect on the households’ consumption responses

and aggregate output. Furthermore, the rise in output increases labor demand, exercising

an upward pressure on wages, which increases consumption further through the labor

income channel. The rise in wages increase firms’ marginal costs, so that firms that can

reset their price in this period will on average increase prices. As a result, the inflation rate

increases, giving rise effects working through the inflation channel. The higher inflation

rate lowers the real debt servicing costs of wealthy-HtM households, giving rise to an

indirect cash flow channel: resources flow from creditors to debtors. Equations 3.3 and

3.9 show that the debt servicing costs and the return on savings depend on the real

amount of debt or savings from period t ´ 1, the nominal interest rate from period t ´ 1

and the current inflation rate. Log-linearizing these terms, I can write the non-HtM

households’ return on savings as: zRt´1 ` yb1
t´1 ´ pπt, and the wealthy-HtM debt serving

costs as: zRt´1 ` yb2
t´1 ´ pπt. The previous period nominal interest rate and real amount of

debt or savings are determined before the expansionary monetary policy shock, so that the

increase in the first-period inflation rate causes redistribution from non- to wealthy-HtM

households.

The combination of the lower nominal interest rate and the rise in the inflation rate

relaxes the wealthy-HtM borrowing constraint. Additionally, a wealth channel emerges as

the lower interest rate stimulates the demand for housing, so that real housing prices rise.

The latter relaxes the wealthy-HtM borrowing constraint further through the collateral

channel: the rise in housing prices increases the collateral value for wealthy-HtM house-
2The IRFs of the baseline model in figure 2 (black solid lines) are almost identical to the IRFs displayed

in figure 1 in the paper by Eskelinen (2021). The reason why the responses slightly differ is that I set the
steady-state markup to 1.2, whereas Eskelinen (2021) uses X “ 1.05.
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holds. As a result, wealthy-HtM debt increases, which affects their consumption response

positively. The non-HtM consumption response follows the inverse of the interest rate

response, as these households have the ability to smooth consumption. The wealthy- and

poor-HtM consumption responses are significantly higher, reflecting their high MPC rates.

As wealthy-HtM households benefit from the indirect cash flow channel and the collateral

channel, in addition to the labor income channel, their response exceeds the poor-HtM

consumption response.

Figure 2: The IRFs of the THRANK model

Next, I will comment on the differences in the IRFs between the baseline model (solid

black lines) and the wage rigidity model (pink dashed lines). First, note that there is no

difference in the first-period direct effects as the models experience an identical monetary

policy shock, i.e. an identical decrease in the nominal interest rate. Yet, after the first

period, the nominal interest rate is lower in the wage rigidity model compare to the baseline

model. The reason is that the central bank responds to past output and inflation when
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conducting monetary policy, see equation 3.32. As the rise in inflation is smaller in the

wage rigidity model, the monetary policy rule results in more persistent (lower) nominal

interest rates compared to the baseline model (Galí, 2008).

Second, nominal wage rigidities dampen the positive inflation response in the econ-

omy. Final goods producers face Calvo price-setting, meaning that each period a random

fraction of firms p1 ´ θpq will be able to change their price. When firms reset their prices,

they take into account that this new price might be fixed for many periods. Hence, it is

optimal for firms to choose their price equal to the weighted average of prices it would

have set if there were no price rigidities. The optimal price without frictions is a fixed

markup over marginal costs. When nominal wage rigidities are present, marginal costs

increase less in response to an expansionary monetary policy shock, so that the decrease

in the average markup is smaller. As a result, firms that will reset their prices in this

period will have to raise their price less in order to keep their price as a fixed markup over

marginal costs. Therefore, the inflation rate is lower in the wage rigidity model compared

to the baseline model. The forward-looking Phillips curve, equation 3.48, captures the

relationship between the inflation rate and the average markup in the economy.

Third, examining the consumption responses of the different household types shows

that the introduction of nominal wage rigidities particularly dampens the positive con-

sumption response of poor-HtM households. The reason is that this group fully relies on

labor income to finance their consumption in each period. Hence, the lower increase in

wages in the wage rigidity model translates into a lower increase in poor-HtM consump-

tion. Wealthy-HtM consumption is slightly less positive when wages are sticky, as the

lower inflation rate tightens their borrowing constraint, compared to the baseline model.

Wealthy-HtM households are less affected by the introduction of sticky wages as they can

rely on other sources than labor income to finance their consumption. Non-HtM consump-

tion increases when wages are sticky, as the lower inflation rate increases their income from

the first-period return on savings, relative to the baseline model, through the indirect cash

flow channel. Moreover, the persistently lower nominal interest rate after the first period,

in the wage rigidity model, encourages non-HtM consumption through the intertemporal

substitution channel.

Note that the relatively high labor income share of non-HtM households (α “ 0.78),

translates into a relatively high steady-state consumption share, compared to wealthy-
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and especially poor-HtM households. As a result, changes in non-HtM consumption have

a relatively large impact on changes in aggregate output, as shown by equation 3.39.

Therefore, the higher positive response in non-HtM consumption in the wage rigidity

model nearly offsets the less positive consumption response of wealthy- and poor-HtM

households in the wage rigidity model. As such, the first-period output response is only

slightly smaller in the wage rigidity model (1.175%) than in the baseline model (1.194%).

After the first period, the output response in the wage rigidity model transitions back to

steady state slightly slower compared to the baseline model. This is the result of the lower

nominal interest rate in the wage rigidity model.

Finally, housing prices are more positive, and wealthy-HtM housing holdings and

debt are less positive in the wage rigidity model compared to the baseline model. The

response of housing prices is similar to the consumption response of non-HtM households.

The reason is that non-HtM households can smooth their consumption through saving and

borrowing. Changes in the interest rate determine non-HtM households’ preferred amount

of saving and they allocate their remaining income between consumption and housing,

causing the latter two to comove. Through the indirect cash flow channel, less resources

are redistributed from creditors to debtors in the first period when wages are sticky,

due to the lower (positive) inflation rate in the wage rigidity model. The corresponding

increase in non-HtM income raises their consumption and housing demand, so that housing

prices rise relative to the baseline model. After the first period, the persistent nominal

interest rate causes the real rate to become lower compared to the baseline model, reducing

financing costs and increasing wealthy-HtM housing demand, which widens the increase in

the housing prices between the two models. Overall, the reduction in wealthy-HtM debt

compared to the baseline model reflects a tightening of the borrowing constraint.

5.2 Across model comparison

Next, I will compare the THRANK model to the commonly used RANK and TANK

models with and without wage rigidities. The full derivations of the baseline RANK and

TANK models can be found in appendix A.2.1 and A.1.2 respectively.3 Figure 3 displays

the comparison of a one standard deviation monetary policy shock between the baseline
3Note that the THRANK model nests these models, meaning that instead of deriving the RANK and

TANK models seperately, the THRANK model can be used by setting α close to one, and for the TANK
model γ close to zero.
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RANK, TANK and THRANK models. The directions of the effects are similar, yet they

differ in magnitude across models. The sizes of the effects correspond to the number of

agents present in the model, provided that these agents have heterogeneous MPCs. In

HANK models agents have MPC rates ranging from zero to one, whereas in the THRANK

model, households’ borrowing constraints give rise to sharply divided MPC rates. The

MPC of non-HtM households is close to zero, as these households are able to smooth their

consumption through borrowing and saving. For both HtM households the MPC is equal

to one. This is the result of the binding borrowing constraint of wealthy-HtM households

and the binding budget constraint of poor-HtM households, as these households do not

have access to financial markets (Auclert, 2019).

Figure 3: The IRFs of the RANK, TANK and THRANK baseline models

The RANK model displays the smallest responses, and the TANK model is positioned

in between the RANK and THRANK models. In the RANK model, the increase in the
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consumption response of non-HtM households (with low MPCs) results in an equivalent

increase in output, as they are the only agents in the economy. Moving from RANK

to TANK, the poor-HtM households amplify the consumption response due to their high

MPCs, causing more transmission to run through indirect effects. In the THRANK model,

the total share of HtM households remains the same, yet distinguishing between poor-

and wealthy-HtM households allows the latter group to benefit from the indirect cash

flow channel and the collateral channel, next to the labor income channel. As these

households have high MPCs, this translates in a large consumption response, increasing

aggregate output relatively to the TANK model. Note that the presence of the wealthy-

HtM households generates spillover effects to the response of the poor-HtM households.

The higher output response increases labor demand more, so that wages rise relative to

the TANK model. The latter benefits poor-HtM households so that their the consumption

response is higher in the THRANK model.

The inflation response is more positive more when agent heterogeneity is higher, the

reason is that the higher output presses up wages and thus marginal costs, so that resetting

firms increase their prices more. As the central bank responds to past output and inflation,

this results in lower nominal interest rates after the first period. The comovement between

housing prices and the non-HtM consumption response is present in all three models.

In figure 4, the same comparison is displayed, yet now wage rigidities are introduced.

The directions of the IRFs are similar to those in the baseline comparison. Due to the

introduction of wage rigidities, the effects resulting from the labor income channel are

strongly reduced, causing the RANK and TANK models to converge. In both models,

the lower marginal costs dampen the inflation response, leading to persistently lower

nominal interest rates. Non-HtM households are sensitive to interest rate changes, in

contrast to HtM households, so that the effect of the lower interest rate on aggregate

consumption and output is larger in RANK models, where all agents are non-HtM. Thus,

when wage rigidities are introduced, the share of monetary transmission through direct

effects (intertemporal substitution channel) increases at the expense of the indirect effects

(labor income channel). As a result, in the wage rigidity model, the amplification effect

of the introduction of poor-HtM households is minimal.
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Figure 4: The IRFs of the RANK, TANK and THRANK wage rigidity models

Moving from TANK to THRANK, shows that similar to the baseline model com-

parison, adding wealthy-HtM households amplifies the aggregate consumption and output

responses. The reason is that the share of HtM households remains the same, but that the

THRANK model now also captures the balance sheet effects of the wealthy-HtM house-

holds, which are less affected by the introduction of wage rigidities than the labor income

channel. The inflation rate increases less when wealthy-HtM households are added, com-

pared to the baseline model comparison. As a result, the nominal interest rate in the wage

rigidity THRANK model is still higher than in the TANK model, as in the baseline mod-

els, but the difference is smaller. Consequently, non-HtM consumption in the THRANK

model converges to the non-HTM consumption response in the TANK model. This sug-

gests that, compared to the baseline model, a larger share of the output amplification in

the THRANK model is due to the increase in non-HtM consumption.
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Overall, the baseline and wage rigidity comparisons between the models suggest that

in both cases, THRANK models exhibit larger effects than TANK and RANK models.

Yet, the sizes of the responses in the RANK, TANK and THRANK models tend to be more

similar in the wage rigidity model. Thus, increasing agent heterogeneity in New Keynesian

models increases monetary transmission through indirect effects. Yet, this increase is less

strong when the models feature sticky wages.

5.3 Implications for wealth and income inequality

Finally, I will elaborate on how the implications for wealth and income inequality in

the economy are affected by the introduction wage rigidities. I will discuss the different

redistribution channels identified in literature, explain the extent to which they are present

in the THRANK model, and compare the results of my model to empirical findings.

First, Coibion et al. (2017) argue that households differ in terms of their primary

sources of income and that monetary policy affects those different income sources in a

heterogeneous matter. This income composition channel can affect inequality as poorer

households tend to rely mainly on labor income and transfers, whereas richer households

receive relatively more business income. Following an expansionary monetary policy shock,

the latter tends to rise relative to wages, benefiting those at the top of the income distribu-

tion (Cantore et al., 2021; Christiano et al., 2005; Coibion et al., 2017). In the THRANK

model, heterogeneity in terms of the composition of sources of income across households

is present as non-HtM households receive income from firm profits and labor, whereas

wealthy and poor-HtM households only receive labor income. Yet, in the baseline model,

this channel operates in the opposite direction, as the profits received by non-HtM house-

holds respond negatively to an expansionary shock. In the wage rigidity model, wages

increase moderately and profits respond positively, in line with empirical evidence.

Second, the earnings heterogeneity channel refers to the possibility that monetary

policy affects labor earnings of households differently. Carpenter & Rodgers (2004) find

that following a contractionary monetary policy shock, unemployment falls dispropor-

tionately on low-income households. In line with this, Zens et al. (2020) find that con-

tractionary monetary policy produces heterogeneous impacts across occupation groups,

with low-skilled workers being disproportionately affected. Other possible sources of this

channel are heterogeneous wage rigidities across households or differences in skill levels.
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Regarding the former, using survey evidence of European firms, Babeckỳ et al. (2010)

find that high-skilled white-collar workers experience a higher degree of downward nom-

inal and real wage rigidity compared to blue-collar and low-skilled white-collar workers.

In line with this, Amberg et al. (2021) use individual-level data from Sweden and find

that the response of labor income following an expansionary monetary policy shock is

significant for the bottom two deciles, and insignificant for the rest of the distribution.

In contrast, Dolado et al. (2021) find that high-skilled workers experience larger wage

increases in response to an expansionary monetary policy shock compared to low-skilled

workers, as high-skilled workers face lower matching frictions and have a higher degree

of complementarity to capital. Thus, the exact direction of the earnings heterogeneity

channel with respect to inequality remains unclear. This channel will be further explored

in the sensitivity analysis, when households face different degrees of wage rigidities.

Third, Coibion et al. (2017) describes the financial segmentation channel, which arises

from heterogeneity in households’ access to financial markets. Agents who frequently trade

financial assets experience monetary policy effects directly, whereas unconnected agents are

only indirectly affected by changes in monetary policy, so that a monetary injection tends

to redistribute wealth from unconnected to connected agents (Ledoit, 2011; Williamson,

2008). High-income households tend to be more connected to financial markets than low-

income households, meaning that inequality can rise following an expansionary monetary

policy shock. In the THRANK model this channel is present through the inclusion of

the illiquid housing asset, which can be owned by wealthy- and non-HtM households.

Poor-HtM households do not have access to financial markets, and thus resemble the un-

connected agents. Following an expansionary monetary policy shock, real financing costs

decrease which stimulates housing demand, resulting in higher housing prices (Mishkin,

2007). In this way, non- and wealthy-HtM households’ wealth increases; this effect is

stronger in the wage rigidity model as the increase in housing prices is higher. In the

THRANK model this channel is reinforced by the endogenous debt limit, which can be

referred to as the collateral channel (Iacoviello, 2005). An increase in the housing price

increases the collateral value of wealthy-HtM households, which relaxes the borrowing

constraint, amplifying the effects on consumption. Iacoviello & Neri (2010) use the simu-

lated model output to estimate the elasticity of consumption to housing wealth with and

without collateral effects. They find that the elasticity increases by 2.5% as a result of
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collateral effects. Similarly, according to Hedlund et al. (2017), approximately 20% of the

aggregate decrease in consumption following a contractionary monetary policy shock is

due to the decrease in housing prices.

Similarly, the portfolio channel arises from heterogeneity in the type and quantity of

financial assets on households’ balance sheets. If low-income households hold relatively

little financial assets and a larger amount of currency, the costs of inflation following

an expansionary monetary policy shock fall disproportionately on low-income households

(Coibion et al., 2017). Moreover, wealth inequality can increase as high-income households

tend to hold more financial assets so that they benefit more from higher equity prices

which result in capital gains. Similarly, if home ownership is concentrated at the top of

the distribution, an increase in housing prices, following an expansionary monetary policy

shock, increases wealth inequality (Colciago et al., 2019). In the THRANK model, non-

HtM households own housing and bonds, and the profits can be seen as shares of final

goods firms that cannot be sold. Wealthy-HtM households also own housing but they

have a negative bond balance, and poor-HtM households do not own financial assets. In

the wage rigidity model, non-HtM household benefit from having non-tradable shares on

their balance sheet, whereas they lose in the baseline model. Both non- and wealthy-

HtM households benefit from the increase in housing prices, which is even stronger in the

wagerigidity model compared to the baseline model.

Finally, the savings redistribution channel states that an unexpected decrease in the

interest rate or increase in the inflation rate benefits borrowers and hurts savers (Coibion

et al., 2017). Auclert (2019) decomposes this channel into the interest rate exposure

channel and the Fisher channel, reasoning that the real interest rate and the inflation rate

have heterogeneous effects across households. Through the Fisher channel, unexpected

changes in the inflation rate revalue nominal balance sheets; nominal debtors gain and

nominal creditors lose from an unexpected increase in inflation (Auclert, 2019). In the

THRANK model, this channel is not present as the variables are denominated in real

terms (Eskelinen, 2021). Regarding the interest rate exposure channel Auclert (2019)

explains that households’ balance sheet exposure to changes in the real interest rate can

be measured by households’ unhedged interest rate exposures (UREs). UREs refer to

the difference between all maturing assets, which include human capital or income, and

liabilities, which include consumption plans. When households invest primarily in short-

39



term deposits, they tend to have positive UREs, whereas households with large amounts

of adjustable-rate liabilities tend to experience negative UREs (Auclert, 2019). Following

an expansionary monetary policy shock, the fall in real interest rate, due to the decrease in

the nominal interest rate and the increase in inflation, benefits households with negative

UREs at the expense of households with positive UREs. Auclert (2019) estimates that the

covariance between households’ UREs and MPCs is negative, suggesting that this channel

amplifies the effects of monetary policy. The effect on inequality depends on whether the

degree of URE is correlated with income levels.

In the THRANK model, the borrowing constraint is binding for wealthy-HTM house-

holds, and the bond market clearing condition, b2
t “ ´b1

t, ensures that non-HtM households

are the creditors and wealthy-HtM households are the debtors in the economy. As loans,

in the form of one-period bonds, are short term, non-HtM households experience positive

UREs, wealthy-HtM households negative, and the UREs of poor-HtM households are zero.

Thus, an expansionary monetary policy shock leads to positive exposure for wealthy-HTM

households, whereas non-HtM households are negatively exposed, reducing inequality in

both the wage rigidity and baseline model. As described by the indirect cash flow channel,

when wages are sticky the lower increase in the first-period inflation rate, translates into

a higher real return on savings, which benefits non-HtM households at the expense of

wealthy-HtM households. After the first period, the nominal interest rate is lower in the

wage rigidity model than in the baseline model, which benefits wealthy-HtM households.

On aggregate, in the wage rigidity model resources still flow from lenders to borrowers,

reducing inequality, but to a lesser extent compared to the baseline model, resulting in

less amplification.

The discussed income and wealth effects and their implications for redistribution and

inequality are summarized in table 3. The first column identifies the household type and

the second column refers to the wealth or income source for the households. The third

column shows the direction of the effect, meaning that an increases in wages following an

expansionary monetary policy shock is denoted by Ò, as it represents a positive response.

In the fourth column, the same is done for the wage rigidity model. Finally, the fifth

column indicates the positive or negative effect of nominal wage rigidities on the income

stream or the value of wealth, compared to the baseline model. Thus, as the first-period

borrowing costs for wealthy-HtM households decline in both models (Ó), which is positive
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for their income stream, the first-period real borrowing costs are higher in the wage rigidity

model, affecting wealthy-HtM households negatively (-). The reverse is true for non-HtM

households. Table 3 shows that the introduction of wage rigidities clearly benefits non-

HtM households and hurts poor-HtM households. As a result, redistribution from low-

MPC households to high-MPC households is less strong in the wage rigidity model. This

suggests that wealth and income inequality is less countercyclical in the wage rigidity

model compared to the baseline model.

Table 3: First-period income and wealth effects in the baseline and wage rigidity model
following an expansionary monetary policy shock

Household Income/wealth source Baseline Wage rigidity Comparison
type model model

Non-HtM Wages Ò Ò -
Business income Ó Ò +
Returns on savings Ó Ó +
Housing prices Ò Ò +
Overall ? ? +

Wealthy-HtM Wages Ò Ò -
Borrowing cost Ó Ó -
Housing prices Ò Ò +
Overall + + ?

Poor-HtM Wages Ò Ò -
Overall + + -

6 Sensitivity analysis

6.1 Varying the wage rigidity parameter

In the analysis above, the Calvo wage rigidity parameter is set to θw “ 0.75. Figure 5

displays the first-period profits when θw ranges from 0.05 to 1, keeping the other parameter

values constant. First-period profits turn positive when the Calvo parameter for wage

rigidities is a little over 0.6. Meaning that nominal rigidities can bring the THRANK

model more in line with empirical evidence by making profits respond procyclically to an

expansionary monetary policy shock, given that the value for θw is high enough.
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Figure 5: First-period profits responses for different values of θw

Figure 6: The IRFs of the THRANK model for different values of θw
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Figure 6 shows the IRFs of the THRANK model for θw “ 0 (the baseline model), θw “

0.5, θw “ 0.75 (the wage rigidity model in the main analysis), and θw “ 0.95. The lower

the wage rigidity parameter, the more the IRFs converge to the baseline THRANK model.

Thus, the extent to which the underlying transmission channels and the redistribution

channels differ from the way they operate in the THRANK baseline model depends on the

degree of nominal wage rigidities in the economy. Note that only in the baseline model

profits are countercyclical, meaning that for θw “ 0.5, θw “ 0.75, and θw “ 0.95, the

first-period profits are positive. The dispersion in IRFs is the largest for the inflation

response. The reason is that wage rigidities directly affect the marginal costs of firms,

which determines the magnitude of the price increases of resetting firms, and thus the

inflation rate. Thus, the exact inflation response to a monetary policy shock is sensitive

to the existing degree of wage rigidities in the economy.

I also examine the effect of varying the wage rigidity parameter asymmetrically. The

latter can affect redistribution through the earnings heterogeneity channel. In the baseline

model and the wage rigidity model with symmetric wage rigidities (θ1
w “ θ2

w “ θ3
w “ 0.75),

wealthy-HtM households experience the largest increase, then poor-HtM and non-HtM

households experience the smallest increase in real wages. If the opposite was the case,

as suggested by Dolado et al. (2021), the wage rigidity parameter value for non-HtM

households should be lower than the value for poor- and wealthy-HtM households. To

achieve this, I set θ1
w “ 0.68, θ2

w “ 0.999, θ3
w “ 0.999, so that the total degree of wage

rigidities across households in the economy remains constant at 0.75, see figure 7.

Figure 7: The IRFs of real wages

In figure 8 the dashed pink lines correspond to the IRFs of the THRANK model

when θ1
w “ θ2

w “ θ3
w “ 0.75, and the dashed blue lines respresent the IRFs when

θ1
w “ 0.68, θ2

w “ 0.999, θ3
w “ 0.999. Poor-HtM consumption is nearly unaffected, as
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these households increase their labor hours to compensate for the decrease in wages. The

inflation response is slightly lower compared to the symmetric Calvo parameter setting, as

poor-HtM households work more hours for a lower wage, which reduces marginal costs and

thus dampens the increase in prices. As a result, central banks set slightly lower nominal

interest rates after the first period, which encourages non-HtM consumption. Thus, when

non-HtM households face less wage rigidies than wealthy- and poor-HtM households, wage

inequality increases but consumption inequality is minimally affected.

Figure 8: The IRFs of the THRANK model with symmetric and asymmetric wage rigidities

6.2 Varying the steady-state markup

The log-linearized aggregate profit function (equation 5.1) shows that the term 1
X´1 ,

determines the weight of the negative impact of the average markup on profits. When

the steady-state markup is 1.05, as in Eskelinen (2021), the first-period response of profits

is a ´26.514% deviation from steady state. Increasing the steady-state markup to 1.2,

results in a first-period response of ´5.757%, and thus decreases the magnitude of the

negative response of profits. Andreasen & Dang (2019) find that the calibrated markup

of 20% used by most New Keynesian models, is rejected by the data and they estimate
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the demand elasticity to be 2.58, corresponding to a markup of 63%. Using this result I

examine the effect of increasing the steady-state price markup to X “ 1.63.

Figure 9: The IRFs of markups and profits for X “ 1.2 and X “ 1.63

Figure 9 shows that a higher steady-state markup value diminishes the negative

impact of the decrease in markups, exerting a positive effect on firms’ profits. The reason

is that a higher steady-state markup corresponds to a lower elasticity of demand, meaning

that demand falls less when prices increase, resulting in higher profits. Note that the

deviation of the markup from its steady-state value is minimally affected, but that the

value of X determines the magnitude of the impact of the decrease in the markups on

profits (recall equation 5.1). The effect on the aggregate output, inflation and consumption

is small because the effect on profits constitutes a transitory income shock for non-HtM

households, which they are relatively unresponsive to.

Figure 10 (left graph) displays the first-period profit response in the baseline THRANK

model, for values of X ranging from 1.05 to 2. Although increasing the steady-state markup

value reduces the magnitude of the negative profit response, profits remain countercyclical

over the entire range. This shows that in order to generate procyclical profits, nominal

wage rigidities are needed. The right graph in figure 10 shows the first-period profit re-

sponse in the THRANK model, when θw “ 0.75 for different values of X. Note that if I

would follow Eskelinen (2021) by setting X “ 1.05, the first-period profits would be neg-

ative, even when nominal wage rigidities are present in the model. Thus, when the value

of the steady-state markup is relatively low in an economy, a higher nominal wage rigidity

parameter is needed to make profits procyclical. The degree of concavity of the function
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indicates that profits are especially elastic for relatively low values of X, indicating that

the difference between a markup value of 1.05 and 1.2 is relevant for the resulting model

dynamics.

Figure 10: First-period profits for different values for X

6.3 Varying the labor income shares

Finally, I assess the sensitivity of the model to varying labor income shares. The current

values for the labor income shares are based on research by Kaplan et al. (2014). They

find that the shares on non-, wealthy- and poor-HtM households vary across countries. In

the figure below, I reduces the labor income share of non-HtM households to 0.5, so that

the labor share of wealthy-HtM households remains unchanged at 0.18, and the share of

poor-HtM households increases to 0.32.

Figure 11 shows that the baseline model is more sensitive to the change in the income

shares than the wage rigidity model. The reason is that when α “ 0.5, the economy

consists of relatively more HtM households. The latter group is relatively sensitive to

changes in transitory income, so that when wages are flexible, the consumption responses

of these households are more intense. The higher increase in the inflation rate causes the

nominal interest rate to quickly rise again after the shock, and to overshoot for a short

period. As a result, the non-HtM consumption undershoots. In contrast, in the wage

rigidity model, the strength of the labor income channel is diminished as the rise in wages

is dampened by the introduction of nominal wage rigidities. As this particularly affects

poor-HtM households, the decrease in their consumption response relative to the baseline

model is larger, when their labor income share is higher. Note that when the share of
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non-HtM households is smaller in an economy, introducing wage rigidities does actually

lower the aggregate output response on impact. This is in line with the conclusions above.

Introducing wage rigidities lowers the redistributive effects of monetary policy from agents

with high MPCs to agents with low MPCs, resulting in less amplification. Yet, the direct

intertemporal substitution effect gains in relative importance due to the lower and more

persistent nominal interest rate. These effects offset each other, resulting in nearly identical

first-period output responses. When the share of non-HtM households is lower, there are

less agents in the economy that are sensitive to interest rate changes, so that the decrease

in the amplification effects is no longer offset by the stronger intertemporal substitution

effect, resulting in a lower first-period output increase relative to the baseline model.

Figure 11: The IRFs of the THRANK model for α “ 0.5
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7 Discussion

In this thesis, I augment the THRANK model developed by Eskelinen (2021), with nominal

wage rigidities, according to Galí (2008) and Erceg et al. (2000). I find that, nominal wage

rigidities dampen the increase of real wages of the three different household types, resulting

in lower marginal costs for firms, so that even when prices adjust sluggishly, profits display

procyclical behavior in response to an expansionary monetary policy shock. Thus, adding

sticky wages to the THRANK model can bring the underlying model dynamics more in

line with empirical evidence (see for instance: Christiano et al., 2005). Whether or not

first-period profits are positive following an expansionary monetary policy shock depends

on the degree of nominal wage rigidity in the economy and the value of the steady-state

price markup in the economy.

The introduction of sticky wages to the model affects the aggregate responses in the

economy and the level of inequality through several monetary transmission mechanisms

and redistribution channels. I discuss the most important findings. First, I find that nom-

inal wage rigidities dampen the inflation response to an expansionary monetary policy

shock, in line with Broer, Harbo Hansen, et al. (2020) and Galí (2008). Second, intro-

ducing nominal wage rigidities reduces monetary transmission through the labor income

channel, which affects especially poor-HtM households, as they are fully dependent on

their labor income to finance their consumption. Wealthy-HtM households experience the

same decrease in real wages, relative to the baseline model, but they can benefit from

the wealth and collateral channel as they have access to financial markets. Third, the

procyclical profit response in the wage rigidity model affects the redistributive effects of

a monetary policy shock through the income composition channel. As only non-HtM

households enjoy business income (firms’ profits) next to labor income, an expansion-

ary monetary policy shock increases their transitory income shock relative to poor- and

wealthy-HtM households. The opposite is the case in the baseline model as it features a

countercyclical profit response, which is at odds with empirical evidence.

Overall, the income and wealth effects suggest that the extent to which resources

are redistributed from agents with low MPCs to agents with high MPCs decreases in the

wage rigidity model, compared to the baseline model. This result suggests a reduction in

the amplification effects through the redistribution channels described by Auclert (2019).
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Yet, at the same time, the persistently lower nominal interest rates set by the central bank

in response to the lower inflation in the wage rigidity model, compared to the baseline

model, incentivize non-HtM households to consume more through the direct intertemporal

substitution channel. As shown by the comparisons between RANK, TANK and HANK

models, agent heterogeneity increases transmission through indirect effects and results

in amplification effects as HtM households have high MPCs. Sticky wages dampen the

transmission through indirect effects, primarily through the labor income channel, and

increase transmission through direct intertemporal substitution effects. The corresponding

degree of amplification or dampening, or the degree to which these effects offset each other,

depends on the relative labor income shares of the households present in the economy. This

signifies that the aggregate response in terms of output can be similar in the baseline and

wage rigidity models, but that the underlying mechanisms and the effects on income and

consumption inequality differ across models.

The decrease in the magnitude of the redistributive effects in the THRANK model

in response to the introduction of sticky wages is in line with Broer, Harbo Hansen, et al.

(2020), who show using a tractable HANK model that the redistributive effects between

capitalists and workers are smaller when wages are rigid. This result implies that when

wage rigidities are added to the THRANK model, inequality remains countercyclical, yet

the magnitude of the inequality-reducing effect is smaller compared to the baseline model.

This corresponds to findings by Bonifacio et al. (2021), who show that redistribution

channels operate in different directions and that the magnitude of the net distributional

effect of expansionary monetary policy is small and temporary, in relation to the increasing

inequality trend within countries.

These implications are relevant for monetary policymakers as knowledge about the

effects and the operation of monetary transmission channels reduces uncertainty regarding

the effectiveness and timing of policy actions, increasing the central bank’s ability to

stabilize macroeconomic outcomes (Cevik & Teksoz, 2013). As suggested by Eskelinen

(2021), the THRANK model is easier and quicker to compute than a full-scale HANK

model, while being able to reproduce many of the same monetary policy transmission

channels. The analysis in this paper shows that adding wage rigidities to the THRANK

model affects the strength and the direction of the monetary transmission channels, and

hence the aggregate effects. This has implications for the conduct of monetary policy. For
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example, in models with heterogeneous agents, a larger share of transmission runs through

indirect effects, meaning that the monetary authority has to rely on general equilibrium

effects, such as the labor income channel. As wage rigidities reduce the effectiveness of this

channel, a monetary policy action might not bring about the desired effects when these

labor market imperfections are not accurately modelled. Furthermore, as wage rigidities

increase transmission through direct substitution effects, relative to the THRANK model

with flexible wages, forward guidance as a tool to lower nominal interest rates could become

more powerful, as this primarily affects the behavior of non-HtM households Kaplan et al.

(2018). Moreover, Kaplan et al. (2018) emphasize that the importance of the coordination

between fiscal and monetary policy depends on the degree of transmission through indirect

effects. In this way, modelling agent heterogeineity and labor market imperfections in New

Keynesian models can contribute to the ability of monetary policymakers to fine tune

monetary expansions and to bring about the desired effects.

It remains an important question whether it is desirable for a central bank to re-

spond to fluctuations in resource and consumption inequality across households. Auclert

(2019) argues that redistribution can be used as a channel through which monetary policy

transmits, rather than viewing it as a side effect of monetary policy which is separate

from aggregate stabilization. As such, redistribution between high- and low-MPC agents

following a monetary policy shock can increase the efficiency of monetary policy actions,

through amplification effects (Eskelinen, 2021). In contrast, Debortoli & Galí (2017) argue

that when output fluctuations are unequally distributed across households, a policy trade-

off emerges as a central bank cannot simultaneously stabilize the output-gap, inflation,

and the heterogeneity index. From a quantitative viewpoint, Debortoli & Galí (2017)

find that the change in optimal monetary policy design is minimally affected by agent

heterogeneity, though, this conclusion depends on the calibration of the optimal weight

on heterogeneity. Eskelinen (2021) emphasizes that whether a potential increase in the

effectiveness of monetary policy, as suggested by Auclert (2019), outweighs higher fluctu-

ations in inequality, depends on normative considerations and future research regarding

the distributional consequences of monetary policy.

Similarly, Galí (2008) shows that sticky wages lead to costly wage inflation fluctua-

tions in the economy, as only a fraction of workers can reset the wages in an optimal way,

leading to wage dispersion. This means that it is no longer possible to attain an equilib-
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rium with zero welfare losses, i.e., when the output gap and price- and wage inflation are

zero in each period. Instead, optimal monetary policy strikes a balance between stabiliz-

ing the output gap, price- and wage inflation. When evaluating monetary policy rules,

Galí (2008) shows that responding to a composite inflation measure, which is a weighted

average of wage and price inflation, outperforms rules which either focus on price or wage

inflation. This signifies the importance of modelling the labor market distortions correctly

and the need of central banks to alter their monetary policy rule accordingly.

Note that when wage rigidities are added to the THRANK model in this analysis,

the Taylor rule defined in equation 3.32 remains unchanged, meaning that in the current

analysis, the central bank does not alter their optimal monetary policy design in response

to fluctuations in inequality across households or wage dispersion. Future research can

examine the implications for the optimal monetary policy design by introducing a het-

erogeneity index and wage inflation to the central bank’s loss function and evaluate the

average period welfare loss under different policy rules. This can have implications for the

aggregate results of the model. For example, tolerating higher inflation implies a more

moderate response of the monetary authority in increasing the nominal interest rate, after

the expansionary monetary policy shock. The current analysis shows that persistently

lower nominal interest rates affect households differently, as non-HtM households tend to

be responsive to interest rate changes, in contrast to HtM households, so that it increases

transmission through direct substitution effects.

Another shortcoming of the analysis at hand is that capital is not included in the

production function. In the current setup, capital is excluded to simplify the model and

to concentrate fully on the households. Yet, empirical evidence suggests that in this way,

the model is unable to capture redistributive effects between agents operating through the

earnings heterogeneity channel. Dolado et al. (2021) find that high-skilled workers expe-

rience lower matching frictions, compared to low-skilled workers, so that they experience

larger wage increases in response to an expansionary monetary policy shock. The increase

in capital demand following an expansionary monetary policy shock amplifies this wage

divergence as high-skilled workers have a higher degree of complementarity to capital,

whereas low-skilled workers have a higher degree of substitutability. Thus, the THRANK

model can be extended in future research, by including capital in the production func-

tion, and incorporating heterogeneity between households in terms of complementarity or
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substitutability to capital. This can improve the model’s ability to capture redistributive

effects through the earnings heterogeneity channel.

Furthermore, the model does not feature unemployment, meaning that it cannot

distinguish between wage and unemployment effects within the earnings heterogeneity

channel. Low-income households tend to disproportionally benefit from expansionary

monetary policy in terms of employment gains (see, for instance, Bonifacio et al., 2021;

Broer, Kramer, & Mitman, 2020; Heathcote et al., 2010). Yet, Bonifacio et al. (2021)

find that among those who stay employed the wages of high-income households rise dis-

proportionally in response to expansionary monetary policy, which partly offsets the un-

employment effect. In the current model, the earnings heterogeneity channel can only

operate through wages effects. If the calibration of the model only focuses on reproducing

the wage responses of employed workers, the suggested distributional consequences of a

monetary policy can be misleading.

Finally, this research only shows how the monetary transmission and redistribution

effects of monetary policy change when wage rigidities are added to the THRANK model.

The current analysis refrains from estimating the actual degree of wage rigidity in the econ-

omy. Hence, future research could focus on estimating this parameter value using empirical

data, which can improve the accuracy of the responses suggested by the THRANK model.

This is relevant for central banks as the sensitivity analysis shows that the inflation re-

sponse to a monetary policy shock in the economy is particularly sensitive to the value of

θw. The primary objective of the European Central Bank’s monetary policy is to maintain

price stability, meaning that when deciding on policy actions, knowledge about the degree

of wage rigidities in the economy is important. Moreover, as suggested by Babeckỳ et al.

(2010), the degree of wage rigidity can differ across household types, which affects aggre-

gate responses and inequality through the earnings heterogeneity channel. Therefore in

future research, estimation of the Calvo wage rigidity parameters for different household

types can contribute to the growing literature on the interaction between monetary policy

and inequality.
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A Appendix

A.1 THRANK model

A.1.1 Steady-state shares

The steady-state shares for the THRANK model are the same in the model with and

without wage rigidities. First note that in steady-state, R “ 1
β1 , and h1´h1

h1 “ 0, and π “ 1.

To see the latter, I start with the steady-state non-HtM household Euler equation:

1
c1

“ β1

1
β1

πc1

1
c1

“
1
c1

1
π

π “ 1

Thus, I can write the FOC of the wealthy HtM w.r.t. b2 and h2 as:

λ2 “
β1

c2
´

β2

c2

λ2 “
1

mc2
´

v

qmh2
´

β2

mc2

q

vc2
rmβ1 ´ mβ2 ´ 1 ´ β2s “ ´

1
h2

h2 “
vc2

qr1 ´ β2 ´ mpβ1 ´ β2qs

Now I also express h1 in terms of c1:

q

c1
p1 ´ β1q “

v

h1

h1 “
vc1

qp1 ´ β1q

To find terms for c1 and c2 I equate the FOCs of labor demand:

w1 “ pL1qη´1c1, w2 “ pL2qη´1c2, w3 “ pL3qη´1c3

and supply:

w1 “
αY

XL1
, w2 “

γY

XL2
, w3 “

p1 ´ α ´ γqY

XL3
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so that I get:

c1 “
αY

pL1qηX
, c2 “

γY

pL2qηX
, c3 “

p1 ´ α ´ γqY

pL3qηX

Now fill the expressions for c1 and c2 in into the expressions for h1 and h2 to get:

h1 “
vαY

pL1qηXqp1 ´ β1q

h2 “
γvY

pL2qηXqr1 ´ β2 ´ mpβ1 ´ β2qs

Now, to find expressions for b1 and b2 I equate the budget constraint of the non-HtM

households pw1L1 “ c1 ` b1p 1
β1 ´ 1q ´ F q and the FOC condition of the firm sector w.r.t. L1

pw1L1 “ αY
X q and fill in for c1:

c1
loomoon

αY
pL1qηX

“
αY

X
` F

loomoon

p1´ 1
X

qY

´b1p
1
β1

´ 1q

b1 “
Y rβ1α ` β1pL1qηp1 ´ α ´ Xqs

pL1qηXpβ1 ´ 1q

And, similarly, I use the budget constraint of the wealthy-HtM households (w2L2 “ c2 `

b2p 1
β1 ´ 1q) and the FOC condition of the firm sector w.r.t. L2 (w2L2 “

γY
X ), and fill in

for c2:

c2
loomoon

γY
pL2qηX

“
γY

X
´ b2p

1
β1

´ 1q

b2 “
β1γY ppL2qη ´ 1q

XpL2qηp1 ´ β1q

Now I need to find expressions for L1, L2, andL3. Note that from equating the budget-

constraint of the poor-HtM households (c3 “ w3L3) with the FOC of the firms w.r.t. L3

( p1´α´γqY
X “ w3L3) I can conclude that L3 “ 1. To see this:

c3
loomoon

p1´α´γqY

XpL3qη

“
p1 ´ α ´ γqY

X

pL3qη “ 1
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For L1 and L2 I use the market clearing equations and the expressions I have obtained

so far for c1, c2, c3, b1, b2, h1, and h2. For the goods market to clear in steady state I need:

Y “ c1 ` c2 ` c3. So I write:

Y “
αY

pL1qηX
`

γY

pL2qηX
`

p1 ´ α ´ γqY

X

pL1qη “
αpL2qη

pL2qηrX ´ p1 ´ α ´ γqs ´ γ

pL2qη “
γpL1qη

pL1qηrX ´ p1 ´ α ´ γqs ´ α

The housing market has to clear, in steady state this means h1 ` h2 “ H:

H “
vαY

pL1qηXqp1 ´ β1q
`

γvY

pL2qηXqr1 ´ β2 ´ mpβ1 ´ β2qs

pL1qη “
vαY pL2qηr1 ´ β2 ´ mpβ1 ´ β2qs

Xqp1 ´ β1q

ˆ

HpL2qηr1 ´ β2 ´ mpβ1 ´ β2qs ´ γvY

˙

pL2qη “
pL1qηp1 ´ β1qγvY

r1 ´ β2 ´ mpβ1 ´ β2qs

ˆ

HpL1qηXqp1 ´ β1q ´ vαY

˙

The market for loans has to clear, which means that b1 ` b2 “ 0:

0 “
pL1qηY β1pX ` α ´ 1q ´ Y β1α

pL1qηXp1 ´ β1q
`

β1γY ppL2qη ´ 1q

XpL2qηp1 ´ β1q

pL1qη “
pL2qηα

pL2qηrX ´ p1 ´ α ´ γqs ´ γ

pL2qη “
pL1qηγ

pL1qηrX ´ p1 ´ α ´ γqs ´ α

I equate the expressions for pL1qη and pL2qη to get:

pL1qη “
vαY rβ1 ´ β2 ´ mpβ1 ´ β2qs

p1 ´ β1q

ˆ

r1 ´ β2 ´ mpβ1 ´ β2qsHXq ´ vY rX ´ p1 ´ α ´ γqs

˙

pL2qη “
vαY γrβ1 ´ β2 ´ mpβ1 ´ β2qs

αr1 ´ β2 ´ mpβ1 ´ β2qs

ˆ

vY rX ´ p1 ´ α ´ γqs ´ p1 ´ β1qHXq

˙

Finally, I have the steady state borrowing constraint, b2 “ mqh2β1, which will be binding

because the wealthy HtM households will borrow as much as possible (since the interest
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rate is determined by β1). I fill b2 “ mqh2β1 in into the expressions for b2 and h2 to obtain:

pL2qη “
1 ´ β2 ´ mrpβ1 ´ β2q ´ vp1 ´ β1qs

r1 ´ β2 ´ mpβ1 ´ β2qs

Now I use the result from the clearing condition of the market for loans and fill in for

pL2qη to get pL1qη:

pL1qη “

`

1 ´ β2 ´ mrpβ1 ´ β2q ´ vp1 ´ β1qs
˘

α
`

1 ´ β2 ´ mrpβ1 ´ β2q ´ vp1 ´ β1qs
˘

rX ´ p1 ´ α ´ γqs ´ γr1 ´ β2 ´ mpβ1 ´ β2qs

Now I can find the following shares: c1

Y , c2

Y , b2

Y , qh2

Y , by filling in the expressions for pL1qη

and pL2qη in the equations for c1, c2, b2, and h2. To find the wealthy-HtM housing share
h2

H , I first have to find an expression for Y. I use the housing clearing condition, and fill

in the expressions I found for pL1qη and pL2qη, to get:

Y “
HXq

`

1 ´ β2 ´ mrpβ1 ´ β2q ´ vp1 ´ β1qs
˘

p1 ´ β1q

v

ˆ

rX ´ p1 ´ α ´ γqs
`

1 ´ β2 ´ mrpβ1 ´ β2q ´ vp1 ´ β1qs
˘

´ rβ1 ´ β2 ´ mpβ1 ´ β2qsγ

˙

Now I can fill in for Y and pL2qη in the expression for h2 to get h2

H . In the end, I calculate

the following steady-state shares:

h2

H
“

p1 ´ β1qγ

γp1 ´ β1qpmv ` 1q ` rX ` α ´ 1sp1 ´ β2 ´ mrβ1 ´ β2 ´ vp1 ´ β1qsq
(A.1)

c1

Y
“

1
X

ˆ

pX ` α ´ 1q `
γmvp1 ´ β1q

1 ´ β2 ´ mpβ1 ´ β2 ´ vp1 ´ β1qq

˙

(A.2)

c2

Y
“

1 ´ β2 ´ mpβ1 ´ β2q

1 ´ β2 ´ mpβ1 ´ β2 ´ vp1 ´ β1qq

γ

X
(A.3)

c3

Y
“

p1 ´ α ´ γq

X
(A.4)

b2

Y
“

β1mv

1 ´ β2 ´ mpβ1 ´ β2 ´ vp1 ´ β1qq

γ

X
(A.5)

qh2

Y
“

v

1 ´ β2 ´ mpβ1 ´ β2 ´ vp1 ´ β1qq

γ

X
(A.6)
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Note that when wage rigidities are introduced, the following results change in steady state:

w1 “ MwMRS1

w2 “ MwMRS2

w3 “ MwMRS3

When calculating the shares, in the same way as in this section, the steady-state wage

markup terms Mw cancel out so that the steady-state shares in the wage rigidity model

are equivalent to the shares in the baseline model.

A.1.2 Log-linerized system of equations - baseline model

In the following section I show how to derive to log-linearized system of equations presented

in section 3.1.4. For the first few equations I show step-by-step how the log-expressions

can be approximated by a first-order Taylor Polynomial at the steady state. For the equa-

tions after, I apply the same method without showing all the steps.

Equation 3.39. I start with log-linearizing the aggregate output. Note that for simplicity

I can already exclude the housing-adjustment costs, ϕqt

2
`h1

t´h1
t´1

h1
t´1

˘2
h1

t´1 and ϕqt

2
`h2

t ´h2
t´1

h2
t´1

˘2
h2

t´1,

as these terms will collapse to zero in the log-linearization (for proof see page 67). I get

the following aggregate output equation:

Yt “ c1
t ` c2

t ` c3
t

I define the log-deviation of Yt from its steady state Y as:

pYt “ ln Yt ´ ln Y

Which I can rewrite as:

ln Yt

Y
“ ln p1 `

Yt ´ Y

Y
q

The log-expression can be approximated by a first-order Taylor Polynomial at the steady
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state Yt “ Y . The formula is given by:

hpYtq » hpY q ` h1pY qpYt ´ Y q

I can fill in the terms:

hpYtq “ ln p1 `
Yt ´ Y

Y
q

hpY q “ ln p1 `
Y ´ Y

Y
q “ ln 1

h1pYtq “
Bpln Yt ´ ln Y q

BYt
“

1
Yt

h1pY q “
1
Y

So that I get:

ln p1 `
Yt ´ Y

Y
q » ln 1 `

1
Y

pYt ´ Y q

pYt «
Yt ´ Y

Y

pYt «
Yt

Y
´ 1

Which can be written as:

Yt « Y p pYt ` 1q

Using this result I can write c1
t as c1

t « c1pĉ1
t ` 1q, and likewise for c2

t and c3
t , so that I can

write the aggregate output equation as:

Y p pYt ` 1q “ c1ppc1
t ` 1q ` c2p pc2

t ` 1q ` c3pxc3
t ` 1q

Y pYt ` Y “ c1
pc1
t ` c1 ` c2

pc2
t ` c2 ` c3

xc3
t ` c3

Y pYt ` Y “ c1
pc1
t ` c2

pc2
t ` c3

xc3
t ` c1 ` c2 ` c3

looooomooooon

Y

Y pYt “ c1
pc1
t ` c2

pc2
t ` c3

xc3
t

pYt “
c1

Y
pc1
t `

c2

Y
pc2
t `

c3

Y
xc3

t

Equation 3.40. Second, I log-linearize the Euler equation of the non-HtM household.
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The Euler equation is:

1
c1

t

“ β1Et
Rt

πt`1c1
t`1

I now deal with a ratio expression which I have to convert into log-deviations form. To do

this, I define the log-deviation from its steady state, as before, but now take the exponent:

ln c1
t “ ln c1 ` pc1

t

c1
t “ eln c1` pc1

t

c1
t “ c1e

pc1
t

Using this, I can write the individual components of the Euler equation as:

c1
t “ c1e

pc1
t

Rt “ Re
xRt

πt`1 “ πezπt`1

c1
t`1 “ c1e

zc1
t`1

Filling this in, and using that in steady state R “ 1
β1 and π “ 1, I can write the Euler

equation as:

1
c1e

pc1
t

“ β1Et

1
β1 e

xRt

ezπt`1c1e
zc1
t`1

1
e

pc1
t

“ Et
e

xRt

ezπt`1e
zc1
t`1

1 “ Etre
xRte

pc1
te´ zπt`1e´zc1

t`1s

Now I apply the first-order Taylor approximation. I first show how to approximate e
pc1
t .

From before I have:

c1
t “ c1e

pc1
t

c1
t

c1
“ e

pc1
t
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The first-order Taylor polynomial at the point pc1
t “ 0 (which is the same as c1

t “ c1) yields:

hppc1
tq » hp0q ` h1p0qppc1

t ´ 0q

I have the terms: hppc1
tq “ e

pc1
t , hp0q “ e0, h1ppc1

tq “ e
pc1
t , h1p0q “ e0. Filling this in, I get:

e
pc1
t » e0 ` e0ppc1

t ´ 0q

e
pc1
t « 1 ` pc1

t

c1
t « c1p1 ` pc1

tq

Applying this approximation to each of the exponential terms in the Euler equation, I get:

1 “ Etrp1 ` xRtqp1 ` pc1
tqp1 ´ yπt`1qp1 ´ yc1

t`1qs

Multiplying the terms between brackets out, I get:

1 “ Etr1 ´ yπt`1 ` pc1
t ` xRt ´ yc1

t`1

´ pc1
t yπt`1 ´ xRt yπt`1 ` xRt

pc1
t ´ xRt

pc1
t yπt`1 ` yc1

t`1 yπt`1 ´ yc1
t`1

pc1
t

` yc1
t`1

pc1
t yπt`1 ´ yc1

t`1
xRt ` yc1

t`1
xRt yπt`1 ´ yc1

t`1
xRt

pc1
t ` yc1

t`1
xRt

pc1
t yπt`1s

I set the last eleven terms in the brackets to zero as those are products of log-deviations

from steady state and, therefore, very small. Hence, I can write:

0 “ Etr´ yπt`1 ` pc1
t ` xRt ´ yc1

t`1s

pc1
t “ Etp

yc1
t`1q ´ rxRt ´ Etp yπt`1qs

loooooooomoooooooon

xrrt

I define the log-deviation from the real interest rate as: xrrt “ xRt ´ Et yπt`1, so that I get:

pc1
t “ Etp

yc1
t`1q ´ xrrt

Equation 3.41. Third, I log-linearize the budget constraint of the wealthy HtM. Now

that showed both methods above, I can demostrate why the housing adjustment cost terms

drop out of the equation when it is log-linearized. I show it for the wealthy-HtM housing
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adjustment costs:

ϕqt

2

ˆ

h2
t ´ h2

t´1
h2

t´1

˙2
h2

t´1 “
ϕqt

2 ph2
t

2h2
t´1

´1 ´ 2h2
t ` h2

t´1q

Log-linearizing this I get:

ϕ

2 qp1 ` pqtq
`h22p1 ` 2xh2

t qp1 ´ zh2
t´1q

h2
´ 2h2p1 ` xh2

t q ` h2p1 ` zh2
t´1q

˘

“
ϕ

2 qh2p1 ` pqtq
`

1 ´ zh2
t´1 ´ 2 xh2

t
zh2

t´1
loomoon

0

`2xh2
t ` 1 ` zh2

t´1 ´ 2 ´ 2xh2
t

˘

“
ϕ

2 qh2p1 ` pqtqp0q

As before, the products of log-deviations are so small that they can be set to zero, so that

the whole term drops out. Hence, I get the wealthy-HtM’s budget constraint:

c2
t ` qtph

2
t ´ h2

t´1q `
Rt´1b2

t´1
πt

“ b2
t ` w2

t L2
t

Use the FOC of the intermediate goods producers and fill in for w2
t L2

t “
γYt

Xt
:

c2
t “ b2

t `
γYt

Xt
´ qtph

2
t ´ h2

t´1q ´
Rt´1b2

t´1
πt

Applying the first-order Taylor approximation, using the methods shown above, I get:

c2p pc2
t ` 1q “ b2p pb2

t ` 1q `
γY

X
p1 ` pYtqp1 ´ xXtq ´ qp1 ` pqtqph2pxh2

t ` 1q ´ h2pzh2
t´1 ` 1qq

´
1
β1

b2p1 ` zRt´1qp1 ` yb2
t´1qp1 ´ pπtqq

Simplifying and multiplying out the terms between brackets I get:

c2p pc2
t ` 1q “ b2p pb2

t ` 1q `
γY

X
p1 ´ xXt ` pYtq ´ qh2pxh2

t ´ zh2
t´1q ´

1
β1

b2p1 ` yb2
t´1 ` zRt´1 ´ pπtq

c2
pc2
t ` c2 ` b2p

1
β1

´ 1q
loooooooomoooooooon

γY
X

“ b2
pb2
t `

γY

X
`

γY

X
p pYt ´ xXtq ´ qh2pxh2

t ´ zh2
t´1q ´

1
β1

b2p yb2
t´1 ` zRt´1 ´ pπtq

I use that the budget constrain in steady state is expressed as: w2L2 “ c2 ` b2p 1
β1 ´ 1q. I
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fill in for w2L2 “
γY
X , to get:γY

X “ c2 ` b2p 1
β1 ´ 1q, so that I can write:

c2

Y
pc2
t “

b2

Y
pb2
t ´

qh2

Y
pxh2

t ´ zh2
t´1q ´

b2

β1Y
pzRt´1 ` yb2

t´1 ´ pπtq `
γ

X
p pYt ´ xXtq (A.7)

Equation 3.42. Next, I log-linearize the budget constraint of the poor HtM. The budget

constraint is:

c3
t “ w3

t L3
t

I know from the FOC of the firm sector that w3
t L3

t “
p1´α´γqYt

Xt
, filling this in:

c3
t “

p1 ´ α ´ γqYt

Xt

Which can be approximated by:

c3p1 ` xc3
t q “

p1 ´ α ´ γqY

X
p pYt ` 1qp1 ´ xXtq

c3p1 ` xc3
t q “

p1 ´ α ´ γqY

X
looooooomooooooon

c3

p1 ` pYt ´ xXt ´ pYt
xXt

loomoon

0

q

xc3
t “ pYt ´ xXt

Equation 3.43. Next, I log-linearize the borrowing constraint. I have the binding con-

straint:

b2
t “ mEt

qt`1h2
t πt`1

Rt

This can be approximated by:

b2p1 ` pb2
t q “ mqh2β1

loomoon

b2

Etp1 ` yqt`1qp1 ` xh2
t qp1 ` yπt`1qp1 ´ xRtq

p1 ` pb2
t q “ Etp1 ` yqt`1qp1 ` xh2

t qp1 ` yπt`1qp1 ´ xRtq

pb2
t “ Etp yqt`1q ` xh2

t ´ rxRt ´ Etp yπt`1qs
loooooooomoooooooon

xrrt

pb2
t “ Etp yqt`1q ` xh2

t ´ xrrt
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Equation 3.44. Now I log-linearize the monetary policy reaction function:

Rt “ pRt´1qrR

ˆ

π1`rπ
t´1

`Yt´1
Y

˘rY rr

˙1´rR

eR,t

Applying the first-order Taylor approximation, I can write:

Rp1 ` xRtq “ RrRp1 ` rR
zRt´1qπp1`rπqp1´rRqp1 ` p1 ` rπqp1 ´ rRq yπt´1qrrp1´rRq

ˆ eRp1 ` yeR,tq
Y rY p1´rRqp1 ` rY p1 ´ rRqzYt´1

Y rY p1´rRq
q

Rp1 ` xRtq “ RrRrrp1´rRqeR
loooooooomoooooooon

R

p1 ` rR
zRt´1qp1 ` p1 ` rπqp1 ´ rRq yπt´1qp1 ` yeR,tqp1 ` rY p1 ´ rRqzYt´1q

1 ` xRt “ 1 ` rR
zRt´1 ` p1 ` rπqp1 ´ rRq yπt´1 ` yeR,t ` rY p1 ´ rRqzYt´1

xRt “ rR
zRt´1 ` p1 ´ rRqr yπt´1p1 ` rπq ` rY

zYt´1s ` yeR,t

Equation 3.47. I have the intermediate goods firms’ production function:

Yt “ AtpL
1
tq

αpL2
t qγpL3

t q1´α´γ

Log-linearizing this I get:

Y p1 ` pYtq “ AL1αL2γL31´α´γ
loooooooooomoooooooooon

Y

p1 ` xAtqp1 ` αxL1
tqp1 ` γxL2

t qp1 ` p1 ´ α ´ γq xL3
t q

pYt “ xAt ` αxL1
t ` γxL2

t ` p1 ´ α ´ γq xL3
t

Now equating the FOCs for labor demand and labor supply I get: L1
t “

ˆ

αYt
c1

tXt

˙
1
η

, L2
t “

ˆ

γYt

c2
t Xt

˙
1
η

, L3
t “

ˆ

p1´α´γqYt

c3
t Xt

˙
1
η

. Log-linearizing these terms, results in:

L1p1 ` xL1
tq “

ˆ

αY

c1X

˙
1
η

loooomoooon

L1

p1 `
1
η

pYtqp1 ´
1
η

pc1
tqp1 ´

1
η

xXtq

xL1
t “

1
η

p pYt ´ pc1
t ´ xXtq

xL2
t “

1
η

p pYt ´ pc2
t ´ xXtq

xL3
t “

1
η

p pYt ´ xc3
t ´ xXtq
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Filling these terms in into the log-linearized production function I get:

pYt “ xAt `
α

η
p pYt ´ pc1

t ´ xXtq `
γ

η
p pYt ´ pc2

t ´ xXtq `
p1 ´ α ´ γq

η
p pYt ´ xc3

t ´ xXtq

pYtp1 ´
α ` γ ` p1 ´ α ´ γq

η
q “ xAt ´

α

η
ppc1

t ` xXtq ´
γ

η
p pc2

t ` xXtq ´
p1 ´ α ´ γq

η
pxc3

t ` xXtq

pYt “
1

η ´ 1 rxAtη ´ xXt ´ αpc1
t ´ γ pc2

t ´ p1 ´ α ´ γqxc3
t s

Equation 3.45. Now I combine the Euler equation and the housing demand of the

wealthy-HtM:

1
Rtc2

t

´
β2

Etc2
t`1πt`1

“ λ2
t

1
c2

t mEtqt`1πt`1

ˆ

qt ` ϕqt

ˆ

h2
t ´ h2

t´1
h2

t´1

˙˙

´
v

h2
t mEtqt`1πt`1

´

β2

mEtc2
t`1πt`1

ˆ

1 `
ϕ

2

ˆ

Eth
2
t`1

2 ´ h2
t

2

h2
t

2

˙˙

“ λ2
t

Equating the two equations, I get:

qt

c2
t mEtqt`1πt`1

`
ϕqth

2
t

h2
t´1c2

t mEtqt`1πt`1
´

ϕqt

c2
t mEtqt`1πt`1

´
v

h2
t mEtqt`1πt`1

´
β2

mEtc2
t`1πt`1

´
β2ϕEth

2
t`1

2

2mh2
t

2Etc2
t`1πt`1

`
β2ϕ

2mEtc2
t`1πt`1

“
1

Rtc2
t

´
β2

Etc2
t`1πt`1

Now, applying the first-order Taylor approximation I get:

Etc
2´1p1 ´ yc2

t`1qπ´1p1 ´ yπt`1qβ2p1 ´
1
m

`
ϕ

2m
q

` qp1 ` pqtqc
2´1p1 ´ pc2

t qEtq
´1p1 ´ yqt`1qπ´1p1 ´ yπt`1q

p1 ´ ϕq

m

` qp1 ` pqtqh
2p1 ` xh2

t qh2´1p1 ´ zh2
t´1qc2´1p1 ´ pc2

t qEtq
´1p1 ´ yqt`1qπ´1p1 ´ yπt`1q

ϕ

m

´ vp1 ` pvqh2´1p1 ´ xh2
t qEtq

´1p1 ´ yqt`1qπ´1p1 ´ yπt`1q
1
m

´ h2´2p1 ´ 2xh2
t qEth

22p1 ` 2zh2
t`1qc2´1p1 ´ yc2

t`1qπ´1p1 ´ yπt`1q
β2ϕ

2m

´ R´1p1 ´ xRtqc
2´1p1 ´ pc2

t q “ 0
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I use the steady-state relationship and I rearrange to get:

vc2

qh2
Etp1 ` pv ´ xh2

t ´ yqt`1 ´ yπt`1q “Etppqt ´ pc2
t ´ yqt`1 ´ yπt`1q ` ϕpxh2

t ´ zh2
t´1q ´ β2ϕpEt

zh2
t`1 ´ xh2

t q

` β2p1 ´ mqEtp yct`1 ` yπt`1q ` β1mp pc2
t ` xRtq

` p1 ´ β2 ` β2m ´ β1mq
looooooooooooomooooooooooooon

vc2

qh2

I can write this as:

pqt ` ϕpxh2
t ´ zh2

t´1q “p1 ´ rβ1m ` β2p1 ´ mqs
looooooooooomooooooooooon

βw

qppv ´ xh2
t q ` Et yqt`1 rβ1m ` β2p1 ´ mqs

looooooooooomooooooooooon

βw

´ β1m pxRt ´ Et yπt`1q
looooooomooooooon

xrrt

` pc2
t p1 ´ β1mq ` β2ϕpEt

zh2
t`1 ´ xh2

t q ´ β2p1 ´ mqEt yct`1

pqt ` ϕpxh2
t ´ zh2

t´1q “Et yqt`1βw ` p1 ´ βwqppv ´ xh2
t q ´ β2p1 ´ mqEt yct`1

` pc2
t p1 ´ β1mq ´ mβ1

xrrt ` β2ϕpEt
zh2

t`1 ´ xh2
t q

Equation 3.46. Next, I log-linearize the housing demand of the non-HtM households.

The FOC w.r.t. h1
t is:

1
c1

t

ˆ

qt ` ϕqt

ˆ

h1
t ´ h1

t´1
h1

t´1

˙˙

“
v

h1
t

`
β1

Etc1
t`1

ˆ

Etqt`1 `
ϕ

2 Etqt`1

ˆ

Eth
1
t`1

2 ´ h1
t
2

h1
t
2

˙˙

Applying the first-order Taylor approximation I get:

p1 ´ ϕq
qp1 ` pqtqp1 ´ pc1

tq

c1
` ϕ

qp1 ` pqtqh
1p1 ` ph1

tqp1 ´ pc1
tqp1 ´ zh1

t´1q

h1c1
“

vp1 ` pvqp1 ´ ph1
tq

h1

` β1p1 ´
ϕ

2 qEt
qp1 ` yqt`1qp1 ´ yc1

t`1q

c1
`

β1ϕEtqp1 ` yqt`1qh12p1 ` 2zh1
t`1qp1 ´ yc1

t`1qp1 ´ 2 ph1
tq

2h12c1

Simplifying and rearranging terms I get:

1 ´ β1
loomoon

vc1

qh1

`ppqt ´ pc1
tq ` ϕp ph1

t ´ zh1
t´1q “

vc1

h1q
`

vc1

h1q
ppv ´ ph1

tq ` β1Etp yqt`1 ´ yc1
t`1q ` β1ϕpEt

zh1
t`1 ´ ph1

tq

pqt ` ϕp ph1
t ´ zh1

t´1q “ β1Et yqt`1 ` p1 ´ β1qpv ´ p1 ´ β1q ph1
t ` pc1

t ´ β1Et
yc1
t`1 ` β1ϕpEt

zh1
t`1 ´ ph1

tq
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Now I log-linearize the following relationship, H “ h1
t ` h2

t :

H “ h1p1 ` ph1
tq ` h2p1 ` xh2

t q

I use the steady state relationship H “ h1 ` h2 and get:

0 “ h1
ph1
t ` h2

xh2
t

ph1
t “

´h2
xh2

t

h1

ph1
t “

´h2
xh2

t

H ´ h2

Using this result I can write the log-linearized housing demand equation as:

pqt ` ϕιpzh2
t´1 ´ xh2

t q “ β1Et yqt`1 ` p1 ´ β1qpv ` p1 ´ β1qιxh2
t ` pc1

t ´ β1Et
yc1
t`1 ` β1ϕιpxh2

t ´ Et
zh2

t`1q

Where ι “ h2

H
1

1´ h2

H

.

Equation 3.48. To obtain the log-linearized forward-looking Phillips curve I first log-

linearize the optimality condition of the reset price, which is:

8
ÿ

k“0
pβ1θpqkEt

"

Λt,k

ˆ

P ˚
t pzq

Pt`k
´

ϵp{pϵp ´ 1q

Xt`k

˙

Y ˚
t`kpzq

*

“ 0

where Λt,k “ β1 c1
t

c1
t`k

. I can write the term within expectation as:

β1 c1
t

c1
t`k

Y ˚
t`kpzq

P ˚
t pzq

Pt`k
´ β1 c1

t

c1
t`k

Y ˚
t`kpzq

ϵp{pϵp ´ 1q

Xt`k

Applying the first-order Taylor approximation yields:

β1cp1 ` pc1
tqc

´1p1 ´ yc1
t`kqY p1 ` {Y ˚

t`kpzqqP ˚p1 ` {P ˚
t pzqqP ´1p1 ´ zPt`kq

´β1cp1 ` pc1
tqc

´1p1 ´ yc1
t`kqY p1 ` {Y ˚

t`kpzqqϵp{pϵp ´ 1qX´1p1 ´ zXt`kq

Simplifying and using that in steady-state: P ˚ “ P and X “
ϵp

ϵp´1 , I get:
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β1Y p1 ` pc1
t ´ yc1

t`k ` {Y ˚
t`kpzqq ` β1Y p{P ˚

t pzq ´ zPt`kq ´ β1Y p1 ` pc1
t ´ yc1

t`k ` {Y ˚
t`kpzqq ` β1Y zXt`k

“ β1Y p{P ˚
t pzq ´ zPt`k ` zXt`kq

I can write the reset price optimality condition as:

8
ÿ

k“0
pβ1θpqkEt

"

β1Y p xP ˚
t ´ zPt`k ` zXt`kq

*

“ 0

p1 ´ βθpqβ1Y
8
ÿ

k“0
pβ1θpqkEt

"

xP ˚
t ´ zPt`k ` zXt`k

*

“ 0

p1 ´ βθpq

8
ÿ

k“0
pβ1θpqk

looooooooooomooooooooooon

“1

xP ˚
t ` p1 ´ βθpq

8
ÿ

k“0
pβ1θpqkEt

"

´ zPt`k ` zXt`k

*

“ 0

p1 ´ βθpqp pPt ´ xXtq ` p1 ´ βθpq

8
ÿ

k“1
pβ1θpqkEt

"

zPt`k ´ zXt`k

*

looooooooooooooooooooooooomooooooooooooooooooooooooon

β1θpEtpP ˚
t`1q

“ xP ˚
t

p1 ´ βθpqp pPt ´ xXtq ` β1θpEtpP
˚
t`1q “ xP ˚

t

Furthermore, I have the evolution of the aggregate price level: Pt “
`

θppPt´1q1´ϵp ` p1 ´

θpqpP ˚
t q1´ϵp

˘
1

1´ϵp . Applying the first-order Taylor approximation results in:

P 1´ϵpp1 ` p1 ´ ϵpq pPtq “ θpP 1´ϵpp1 ` p1 ´ ϵpqzPt´1q ` p1 ´ θpqP 1´ϵpp1 ` p1 ´ ϵpq xP ˚
t q

pPt ´ θp
zPt´1

p1 ´ θpq
“ xP ˚

t

Combining this with the previous equation for xP ˚
t , results in:

p1 ´ β1θpqp pPt ´ xXtq ` β1θp
Et

zPt`1 ´ θp
pPt

p1 ´ θpq
“

pPt ´ θp
zPt´1

p1 ´ θpq

p1 ´ θp ´ β1θp ` β1θ2
pq pPt ´ p1 ´ θpqp1 ´ β1θpqxXt ` β1θpEt

zPt`1 ´ β1θ2
p

pPt “ pPt ´ θp
zPt´1

β1θppEt
zPt`1 ´ pPt

loooooomoooooon

zπt`1

q ´ p1 ´ θpqp1 ´ β1θpqxXt “ θpp pPt ´ zPt´1
loooomoooon

xπt

q

β1Et yπt`1 ´
p1 ´ θpq

θp
p1 ´ β1θpq

loooooooooomoooooooooon

λp

xXt “ pπt
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Resulting in the log-linearized forward-looking Phillips curve:

pπt “ β1Et yπt`1 ´ λp
xXt

A.1.3 Log-linerized system of equations - wage rigidity model

When implementing (symmetric) nominal wage rigidities in this way, the result of the log-

linearization of the production function changes. As derived above, the log-linearization

of the production function is pYt “ xAt ` αxL1
t ` γxL2

t ` p1 ´ α ´ γq xL3
t . To find expressions

for xL1
t, xL2

t and xL3
t I log-linearize the labor market FOCs of the intermediate goods firms:

w1
t “ αYt

XtL1
t
, w2

t “
γYt

XtL2
t
, w3

t “
p1´α´γqYt

XtL3
t

. For xL1
t I get:

w1p1 ` xw1
tq “

αY

XL1
loomoon

w1

p1 ` pYtqp1 ´ xXtqp1 ´ xL1
tq

xL1
t “ pYt ´ xXt ´ xw1

t (A.8)

Similarly, I get xL2
t “ pYt ´ xXt ´ xw2

t , and for xL3
t “ pYt ´ xXt ´ xw3

t . I fill these expression in

into the log-linearized production function to get the following expression:

pYt “ xAt ` αr pYt ´ xXt ´ xw1
ts ` γr pYt ´ xXt ´ xw2

t s ` p1 ´ α ´ γqr pYt ´ xXt ´ xw3
t s

xXt “ xAt ´ αxw1
t ´ γ xw2

t ´ p1 ´ α ´ γq xw3
t (A.9)

Next I can use the following definition for each household type s P t1,2 ,3 u: xµs
t ” yW s

t ´

pPt ´ zmrss
t “ xws

t ´ zmrss
t , where zmrss

t is equivalent to the FOC of household type s w.r.t.

labor. Using this, I can write:

xµs
t “ xws

t ´
“

pη ´ 1qp pYt ´ xXt ´ xws
t q ` pcs

t

‰

(A.10)

xws
t “

1
η

rxµs
t ` pη ´ 1qp pYt ´ xXtq ` pcs

t s (A.11)

Filling these expressions in into equation A.9 and rearranging terms, I obtain the new

log-linearized production function:

pYt “
1

η ´ 1
“

ηxAt ´ xXt ´ αp pµ1
t ` pc1

tq ´ γpxµ2
t ` pc2

t q ´ p1 ´ α ´ γqpxµ3
t ` xc3

t q
‰

(A.12)
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A.2 RANK model

A.2.1 Log-linerized system of equations - baseline model

When comparing the different models, the RANK model used in this paper differs from a

standard RANK model as it includes housing. Yet, as described by Eskelinen (2021), this

does not affect the results since output and housing perfectly comove. The RANK model

only includes the non-HtM agents, meaning that there does not exists borrowing between

agents groups. In addition, since the housing stock is fixed, and there is only one type

of agent, non-HtM housing holdings remain constant from one period to the next. Note,

however, that households can still demand loans and housing; the price will adjust so that

demand matches (the fixed) supply. Since there is only one type of agent in this economy,

the production function is now:

Yt “ AtL
1
t (A.13)

And the FOC of the intermediate goods firms results in:

w1
t “

Yt

XtL1
t

(A.14)

The problem for the final goods producers, the price setting behavior, and the monetary

policy rule remain unchanged. There are no steady-state shares needed since this economy

only consists of non-HtM households. The only equations in the log-linearized system that

change in the RANK model compared to the THRANK model are the aggregrate out-

put function, the housing demand of the non-HtM households and the production function.

Equation A.15. The aggregrate output function (the goods market clearing condition)

will be: Yt “ c1
t. Log-linearizing this I get:

Y p1 ` pYtq “ c1
loomoon

Y

p1 ` pc1
tq

pYt “ pc1
t

Equation A.17. The housing demand of the non-HtM households, the FOC w.r.t. h1
t, is
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as before:

1
c1

t

ˆ

qt ` ϕqt

ˆ

h1
t ´ h1

t´1
h1

t´1
loooomoooon

“0

˙˙

“
v

h1
t

`
β1

Etc1
t`1

ˆ

Etqt`1 `
ϕ

2 Etqt`1

ˆ

Eth
1
t`1

2 ´ h1
t
2

h1
t
2

looooooomooooooon

“0

˙˙

Yet, now that I have the housing clearing condition h1
t “ H, the terms h1

t´h1
t´1

h1
t´1

and
Eth1

t`1
2´h1

t
2

h1
t

2 collapse to zero, so that I get:

qt

c1
t

“
v

h1
t

` β1Et

ˆ

qt`1
c1

t`1

˙

Log-linearizing this, I get:

q

c1
p1 ` pqtqp1 ´ pc1

tq “
v

h1
p1 ` pvqp1 ´ ph1

tq ` β1 q

c1
p1 ` Et yqt`1qp1 ´ Et

yc1
t`1q

pqt ´ pc1
t “

vc1

h1q
loomoon

p1´β1q

ppv ´ ph1
tq ` β1Etp yqt`1 ´ yc1

t`1q

pqt “ β1Et yqt`1 ` p1 ´ β1qpv ´ p1 ´ β1q ph1
t

loomoon

“0

`pc1
t ´ β1Et

yc1
t`1

pqt “ β1Et yqt`1 ` p1 ´ β1qpv ` pc1
t ´ β1Et

yc1
t`1

Equation A.18. With only one agent I log-linearize the production function Yt “ AtL
1
t:

Y p1 ` pYtq “ AL1
loomoon

Y

p1 ` xAtqp1 ` xL1
tq

pYt “ xAt ` xL1
t

And when I combine the FOC of the intermediate goods firms, wt “ Yt
XtL1

t
, with the FOC

of the non-HtM households w.r.t. L1
t, w2

t “ pL2
t qη´1c2

t , I get:

L1
t “

ˆ

Yt

Xtc1
t

˙
1
η
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Log-linearizing this, I get:

L1p1 ` xL1
tq “

ˆ

Y

Xc1

˙
1
η

loooomoooon

L1

p1 `
1
η

pYtqp1 ´
1
η

xXtqp1 ´
1
η

pc1
tq

xL1
t “

1
η

p pYt ´ xXt ´ pc1
tq

Filling this in, I get:

pYt “
1

η ´ 1pηxAt ´ xXt ´ pc1
tq

So I get the following system of equations for the baseline RANK model:

pYt “ pc1
t (A.15)

pc1
t “ Etp

yc1
t`1q ´ xrrt (A.16)

pqt “ β1Et yqt`1 ` p1 ´ β1qpv ` pc1
t ´ β1Et

yc1
t`1 (A.17)

pYt “
1

η ´ 1pηxAt ´ xXt ´ pc1
tq (A.18)

xRt “ rR
zRt´1 ` p1 ´ rRqr yπt´1p1 ` rπq ` rY

zYt´1s ` yeR,t (A.19)

pπt “ β1Et yπt`1 ´ λp
xXt (A.20)

With λp “
p1´θpq

θp
p1 ´ β1θpq and xrrt “ xRt ´ Etp yπt`1q.

A.2.2 Log-linerized system of equations - wage rigidity model

When introducing wage rigidities to the RANK model, the derivations for nominal wage

inflation, real wages, and the average wage markup are identical to those in the THRANK

model. Yet, the RANK model only features the equations for the non-HtM households.

As before, the result of the log-linearized production function changes. I know from the

baseline model that the log-linearizing the production function gives pYt “ xAt ` xL1
t. The

expression for xL1
t is the same as in the THRANK model xL1

t “ pYt ´ xXt ´ xw1
t. Filling this in

into the production function I get:

xXt “ xAt ´ xw1
t (A.21)
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Using the definition pµt ” xWt ´ pPt ´ zmrst “ xwt ´ zmrst, results in the expression: xw1
t “

1
η r pµ1

t`pη´1qp pYt´xXtq` pc1
ts. Filling this in into equation A.21, I get the following production

function for the RANK model:

pYt “
1

η ´ 1pηxAt ´ xXt ´ pc1
t ´ xµt

1q (A.22)

As such, the wage rigidity RANK model has the following system of equations:

pYt “ pc1
t (A.23)

pc1
t “ Etp

yc1
t`1q ´ xrrt (A.24)

pqt “ β1Et yqt`1 ` p1 ´ β1qpv ` pc1
t ´ β1Et

yc1
t`1 (A.25)

pYt “
1

η ´ 1pηxAt ´ xXt ´ pc1
t ´ xµt

1q (A.26)

xRt “ rR
zRt´1 ` p1 ´ rRqr yπt´1p1 ` rπq ` rY

zYt´1s ` yeR,t (A.27)

pπt “ β1Et yπt`1 ´ λp
xXt (A.28)

yπ1
w,t “ β1Et

{π1
w,t`1 ´ λ1

wp pµ1
t ´ µq (A.29)

xµt
1 “ xwt

1 ´
“

pη ´ 1qp pYt ´ xXt ´ xwt
1q ` xct

1
‰

(A.30)

xwt
1 “ zwt´11 ` zπw,t

1 ´ pπt (A.31)

With λp “
p1´θpq

θp
p1 ´ β1θpq and λ1

w ”
p1´θwqp1´β1θwq

θwr1`ϵwp1´ηqs
. As before, the change in real interest

rate is defined as xrrt “ xRt ´ Etp yπt`1q.

A.3 TANK model

A.3.1 Steady-state shares

In the TANK model the HtM households are added so that the economy now consists of

the non-HTM households and the poor-HtM households. The production function changes

to:

Yt “ AtpL
1
tq

αpL3
t q1´α (A.32)
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And the FOCs for labor demand are:

w1
t “

αYt

XtL1
t

(A.33)

w2
t “

p1 ´ αqYt

XtL2
t

(A.34)

Here the labor income share of the non-HtM households, α, is set to 0.78, as in the

THRANK model. This means that all HtM households are now poor-HtM households.

The non-HtM and the poor-HtM households’ problem is the same as in the THRANK

model. Note that since poor-HtM households do not have access to financial markets,

there is still no borrowing between agents and the housing holdings remain constant, as in

the RANK model. Since the economy now consists of two agents, I have to calculate the

steady-state consumption shares of the agents. I start by combining the budget constraint

of poor-HtM households and the labor market demand FOC:

p1 ´ αqY

X
“ c3

c3

Y
“

p1 ´ αq

X

Now combining the labor market demand and supply FOCs for non-HtM households, and

using that the goods market has to clear (Y “ c1 ` c3):

pL1qη´1c1 “
αY

XL1

c1 “
Y α

XpL1qη

Y “
Y α

XpL1qη
`

p1 ´ αqY

X

pL1qη “
α

X ´ p1 ´ αq

Filling the expression for pL1qη in into the expression for c1, results in the following steady-

state consumption shares:

c1

Y
“

X ´ p1 ´ αq

X
(A.35)

c3

Y
“

p1 ´ αq

X
(A.36)
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A.3.2 Log-linerized system of equations - baseline model

Compared to the THRANK model the only equations that change are the aggregrate out-

put, the production function and the non-HtM housing demand. I use the same methods

as in the previous sections to derive the log-linearized system of equations for the TANK

baseline model, which results in:

pYt “
c1

Y
pc1
t `

c3

Y
xc3

t (A.37)

pc1
t “ Etp

yc1
t`1q ´ xrrt (A.38)

xc3
t “ pYt ´ xXt (A.39)

xRt “ rR
zRt´1 ` p1 ´ rRqr yπt´1p1 ` rπq ` rY

zYt´1s ` yeR,t (A.40)

pYt “
1

η ´ 1 rηxAt ´ xXt ´ αpc1
t ´ p1 ´ αqxc3

t s (A.41)

pqt “ β1Et yqt`1 ` p1 ´ β1qpv ` pc1
t ´ β1Et

yc1
t`1 (A.42)

pπt “ β1Et yπt`1 ´ λp
xXt (A.43)

With λp “
p1´θpq

θp
p1 ´ β1θpq and xrrt “ xRt ´ Etp yπt`1q.

A.3.3 Log-linerized system of equations - wage rigidity model

Now I introduce wage rigidities for non-HtM and poor-HtM households in the TANK

model. Again, the expressions for nominal wage inflation, the average steady-state wage

markups and the real wages for non- and poor-HtM households are the same as in the

THRANK model. The production function changes in a similar way as in the THRANK

and RANK models when wage rigidities are introduced. I know from before that the

log-linearized production function is pYt “ xAt ` αxL1
t ` p1 ´ αqxL1

t. The expressions for xL1
t

and xL3
t are the same as in the THRANK model with wage rigidities: L1

t “ pYt ´ xXt ´ xw1
t

and L3
t “ pYt ´ xXt ´ xw3

t . Filling these in, I get:

xXt “ xAt ´ αxw1
t ´ p1 ´ αq xw3

t (A.44)

Again, I use the definition pµt ” xWt ´ pPt ´ zmrst “ xwt ´ zmrst, so that I get the following

expressions:
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xw1
t “

1
η

r pµ1
t ` pη ´ 1qp pYt ´ xXtq ` pc1

ts (A.45)

xw3
t “

1
η

rxµ3
t ` pη ´ 1qp pYt ´ xXtq ` xc3

t s (A.46)

Filling these in, into equation A.44, I get the following production function:

pYt “
1

η ´ 1 rηxAt ´ xXt ´ αppc1
t ` pµ1

tq ´ p1 ´ αqpxc3
t ` xµ3

t qs (A.47)

Using these results, the log-linearized system of equations for the TANK model with

nominal wage rigidities is:

pYt “
c1

Y
pc1
t `

c3

Y
xc3

t (A.48)

pc1
t “ Etp

yc1
t`1q ´ xrrt (A.49)

xc3
t “ pYt ´ xXt (A.50)

xRt “ rR
zRt´1 ` p1 ´ rRqr yπt´1p1 ` rπq ` rY

zYt´1s ` yeR,t (A.51)

pYt “
1

η ´ 1 rηxAt ´ xXt ´ αppc1
t ` pµ1

tq ´ p1 ´ αqpxc3
t ` xµ3

t qs (A.52)

pqt “ β1Et yqt`1 ` p1 ´ β1qpv ` pc1
t ´ β1Et

yc1
t`1 (A.53)

pπt “ β1Et yπt`1 ´ λp
xXt (A.54)

yπ1
w,t “ β1Et

{π1
w,t`1 ´ λ1

wp pµ1
t ´ µq (A.55)

yπw
t

3 “ β3Et
{πw

t`1
3 ´ λw

3pyµt
3 ´ µwq (A.56)

xµt
1 “ xwt

1 ´
“

pη ´ 1qp pYt ´ xXt ´ xwt
1q ` xct

1
‰

(A.57)

yµt
3 “ ywt

3 ´
“

pη ´ 1qp pYt ´ xXt ´ ywt
3q ` xct

3
‰

(A.58)

xwt
1 “ zwt´11 ` zπw,t

1 ´ pπt (A.59)

ywt
3 “ {wt´13 ` zπw,t

3 ´ pπt (A.60)

With λp “
p1´θpq

θp
p1 ´ β1θpq, λ1

w ”
p1´θwqp1´β1θwq

θwr1`ϵwp1´ηqs
and λ3

w ”
p1´θwqp1´β3θwq

θwr1`ϵwp1´ηqs
. As before, the

change in real interest rate is defined as xrrt “ xRt ´ Etp yπt`1q.
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