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1 Introduction

This paper studies how monetary policy impacts consumption through the mortgage chan-

nel. Since mortgages typically constitute the largest portion of household debts, and their inter-

est payments are highly susceptible to changes in the policy rate, especially for adjustable-rate

mortgages (ARMs), the mortgage channel of monetary policy has been widely examined in the

literature (Garriga, Kydland, and Sustek (2017), Di Maggio et al. (2017), Flodén, Kilström, Sig-

urdsson, and Vestman (2021), Pica (2021), Corsetti, Duarte, and Mann (2022), and more). The

literature theoretically and empirically showed that monetary policy transmission is stronger in

an economy with a higher share of ARMs.

Drawing on comprehensive aggregate and household-level microdata from multiple Euro-

pean economies, we analyze whether this transmission channel depends on the sign of monetary

policy shocks and evaluate the influence of mortgage refinancing costs on these dynamics. The

European data provides an ideal environment for answering the question for two reasons. First,

the euro area member countries are subject to a common monetary policy shock, which alleviates

the usual endogeneity concern about monetary policy. Second, there is substantial heterogeneity

in the share of ARMS across countries (e.g., Calza, Monacelli, and Stracca (2013) and Corsetti et

al. (2022)), which can sharpen identification.

Our empirical motivation is demonstrated in two steps. First, based on aggregate data from

18 European countries over the last two decades, we examined whether the role of ARMs in

explaining consumption responses differs between monetary tightening and easing. We find

that the consumption expenditure of an economy with a high share of ARMs tends to decrease

more in response to contractionary monetary policy shocks, consistent with previous research

such as Calza et al. (2013), Pica (2021), Corsetti et al. (2022), and Finck, Schmidt, and Tillmann

(2023). Interestingly, under expansionary monetary policy shocks, consumption responses do

not exhibit significant differences across the share of ARMs — a novel finding not present in the

existing literature.

Second, household-level micro evidence also supports the macro-level findings. We utilize

the panel structure of the Household Finance and Consumption Survey (HFCS) from the sec-
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ond to the fourth wave published by the European Central Bank (ECB) to examine whether

consumption responses differ among mortgagors with and without ARMs when the ECB policy

rate (measured by the Euro Overnight Index Average (EONIA) rate) decreases.1 Our analysis re-

veals that consumption expenditure among mortgagors with ARMs does not significantly differ

from that of mortgagors with fixed-rate mortgages (FRMs), in line with macro-level evidence.

Differences in financial decisions and characteristics between mortgagors holding ARMs and

those with non-ARMs do not account for these results. Thus, holding ARMs does not necessar-

ily increase consumption expenditure more when monetary policy is expansionary.

We argue that the cost of call option-like refinancing (i.e., refinancing cost) is the main driving

force behind this asymmetry. Consider an economy where FRMs predominate, and an expan-

sionary monetary policy shock occurs. If mortgagors face substantial costs to switching mort-

gage types or obtaining additional loans through refinancing—manifested as a high option cost

for refinancing—household consumption will experience minimal change. Conversely, if refi-

nancing is less costly, mortgagors can refinance to lock in a permanently lower mortgage in-

terest rate (i.e., exercise the call option). Consequently, the share of ARMs decreases, reflecting

the compositional change in mortgage types, and consumption significantly increases. We also

find a strong negative correlation between refinancing frequency and the share of ARMs in the

data, indicating that lower refinancing costs (or higher refinancing frequencies) are indeed an

important feature of countries with prevalent FRM mortgages.

Of course, due to the improvement in their balance sheets, mortgagors in an economy where

ARMs are dominant also experience an increase in consumption. However, if refinancing is

a costly option under the ARM economy, ARM mortgagors cannot permanently reduce their

mortgage interest rate and thus experience only a temporary reduction in their interest pay-

ments. Consequently, consumption increases only during the period of expansionary policy

stances.

Analysis based on the panel data from the HFCS suggests that refinancing can be an impor-

tant channel for stimulating consumption. Mortgagors who refinance their mortgages tend to

1As will be explained later, the first wave of HFCS did not include information about consumption expenditure
on goods and services, our main outcome variable. Additionally, the EONIA rate continued to decrease between
the second and fourth waves of HFCS.
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increase both non-durable and durable consumption expenditures compared to those who do

not refinance. We find that the former group increased their consumption expenditure on goods

and services by 6.8% more from the second wave (2014) to the third wave (2017) of the HFCS

compared to the latter group. The value of vehicles, which captures expenditure on durable

goods, also increased by 18% more among refinancers. However, the value of exercising the

refinancing option is small when the policy rate decreases marginally between the third wave

(2017) and the fourth wave (2021), leading to insignificant differences in consumption changes

between refinancers and non-refinancers.

Given the challenges in directly measuring refinancing costs across countries and various

frictions resulting in implicit costs beyond nominal costs, we infer them indirectly through refi-

nancing frequency. To this end, we develop a heterogeneous agent model to calibrate these costs

and match observed refinancing rates. Specifically, we analyze how contractionary and expan-

sionary monetary policies affect consumption across different mortgage market structures, con-

sidering varying combinations of ARM shares and refinancing costs. In the model, each house-

hold makes endogenous decisions regarding homeownership and house size, chooses between

long-term ARMs or FRMs, and decides whether to continue repaying mortgages as contracted,

sell the house, refinance the mortgage, or default.

The primary distinctions between ARMs and FRMs lie in the variability of interest rates, the

interest rate margins, and the type-specific origination costs. Reflecting the European mortgage

market, mortgages in our model are recourse, granting lenders the right to recover losses by

garnishing defaulters’ future income and financial assets. The housing stock depreciates each

period, prompting the construction sector to supply new housing based on a simple functional

formula. Consequently, house prices are endogenously determined to clear the housing market.

Since it is challenging to calibrate for each European country, we instead calibrated the model

to match key household finance moments of the German economy where micro-data necessary

to match the key moments is more available than in other euro area economies. We then consider

three counterfactual steady-state economies that differ from the benchmark in terms of the share

of ARMs and refinancing costs. First, we recalibrate an economy that differs from the benchmark

solely in the cost of refinancing. While the benchmark assumes high refinancing costs to match
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the refinancing rate, this experimental economy assumes costless refinancing while maintaining

the benchmark share of ARMs and other key targeted moments. In the other two economies,

ARMs are the only available mortgage option (an “ARM-only economy”), but they differ in

refinancing costs—one has costly refinancing, and the other has costless refinancing—affecting

the costs of changing loan terms and size.

Given four initial steady states, we model the annual risk-free rate, which captures monetary

policy, unexpectedly increasing or decreasing by 0.5 percentage points and gradually converging

back to the original level over the next four quarters (MIT monetary policy shocks). We assume

that every market participant perfectly forecasts the risk-free rate path once they face the shock.

Our simulation reveals that consumption responds asymmetrically as the cost of refinancing de-

creases. Specifically, when refinancing is costly, consumption responses to both monetary policy

shocks amplify as the share of ARMs increases. However, as the cost of refinancing decreases,

the mortgage channel of monetary policy becomes sign-dependent. With a high share of ARMs,

consumption decreases more in response to the contractionary shock. At the same time, there

are negligible differences in consumption responses across the share of ARMs under the expan-

sionary shock, consistent with our novel findings.

The main driver is refinancing costs, which allow for changes in the composition of mortgage

types (FRMs vs. ARMs) through exercising the refinancing option. When the cost of refinancing

is low, a significant portion of mortgagors exercise the option to convert their mortgages into

newly contracted FRMs during an expansionary shock. Due to the long-term nature of these

contracts, they can lock in mortgage interest rates at a low level, thereby persistently improv-

ing their balance sheets and significantly increasing consumption. However, this mechanism is

less effective when the cost of refinancing is sufficiently high, deterring mortgagors from exer-

cising the costly refinancing option. In contrast, under a contractionary monetary policy shock,

mortgagors have little incentive to exercise the refinancing option regardless of its costs, except

for those experiencing temporary financial constraints (Chen, Michaux, and Roussanov (2020)).

Consequently, the responses of consumption, as well as most macroeconomic and household

finance-related variables, do not differ significantly under varying refinancing costs.

This paper is organized as follows. Section 2 reviews related papers. Asymmetric consump-
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tion responses to monetary policy shocks, which are our motivating empirical evidence, and the

micro evidence for the refinancing channel are examined in Section 3. We introduce a quantita-

tive model in Section 4 and present the calibration in Section 5. The main quantitative results are

presented in Section 6. Section 7 concludes the paper.

2 Literature review

This paper is related to several strands of research investigating the transmission channels

of monetary policy, mortgage structures, refinancing, and optimal consumption and borrow-

ing decisions through empirical and theoretical analysis. In terms of research questions, the

most relevant papers are Rubio (2011), Calza et al. (2013), Garriga et al. (2017), Di Maggio et al.

(2017), and Flodén et al. (2021), which examine the mortgage channel of monetary transmission.

These studies explore the impact of different mortgage types (FRMs vs. ARMs) on consumption

in response to monetary policy shocks, concluding that monetary policy amplifies consump-

tion in economies dominated by ARMs. However, prior research does not investigate potential

asymmetry in this mechanism between contractionary and expansionary shocks. This paper

addresses this gap and examines the mechanisms behind these asymmetric responses.

Our central mechanism for elucidating asymmetric consumption responses is refinancing

costs, which can be interpreted as the cost of exercising a refinancing (call) option. This study

is not the first to scrutinize the role of refinancing in stimulating consumption. For example,

Di Maggio, Kermani, and Palmer (2019) and Byrne, Devine, King, McCarthy, and Palmer (2023)

have empirically and experimentally demonstrated that refinancing can spur consumption dur-

ing an expansionary monetary policy stance. In terms of theoretical underpinnings, Greenwald

(2018) proposes that easy prepayment (referred to as refinancing in our study) can empower

mortgagors to lock in low mortgage interest rates, thereby amplifying mortgage credit and out-

put in response to expansionary shocks, aligning with the mechanism examined in our research.

Although we do not explicitly model borrowers’ heterogeneous (in)attention to refinancing de-

cisions, as done by Berger, Milbradt, Tourre, and Vavra (2023), Byrne et al. (2023), and Zhang

(2024), such frictions in exercising the refinancing option can be interpreted as our modeled re-
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financing cost. While complementing these works, our study distinguishes itself by focusing on

the heterogeneity of mortgage types both within and between economies and by examining how

these differences interact with the refinancing channel.

Beyond consumption responses, extensive literature examines the macroeconomic effects of

monetary policy through refinancing. The mechanisms by which refinancing influences real

macroeconomic variables include aggregate debt levels (Alpanda and Zubairy (2019)), regional

heterogeneity in home equity (Beraja, Fuster, Hurst, and Vavra (2019)), households’ age-specific

loan size and income path (Wong (2021)), historical interest rate paths (Berger, Milbradt, Tourre,

and Vavra (2021) and Eichenbaum, Rebelo, and Wong (2022)), liquidity incentives (Chen et al.

(2020)), and banking sector competitiveness (Aastveit and Anundsen (2022)) Instead, we focus

on consumption and aim to resolve puzzling empirical findings through the lens of the refinanc-

ing channel.

Besides refinancing, other institutional characteristics—such as financial integration, housing

and labor markets, and liquidity constraints—can also affect the transmission channel of mone-

tary policy on macro variables. For example, Cloyne, Ferreira, and Surico (2020) and Almgren,

Gallegos, Kramer, and Lima (2022) argued that the share of hand-to-mouth (HtM) households is

an important factor, and Corsetti et al. (2022) examined heterogeneity in wage rigidity, the shares

of HtM and ARMs, and the homeownership rate. Although we do not consider non-mortgage-

related factors, our results show that the call option-like channel of refinancing helps explain the

asymmetric responses of consumption to monetary policy.

Our findings also relate to the long-standing literature on the asymmetric macroeconomic

effect of monetary policy. For example, there have been many studies on whether the macroe-

conomic effect of monetary policy shocks depends on their sign (Cover (1992), Weise (1999),

Angrist, Jordà, and Kuersteiner (2018), Barnichon and Matthes (2018)) or the underlying state

of the economy (Tenreyro and Thwaites (2016), Jordà, Schularick, and Taylor (2020), Alpanda,

Granziera, and Zubairy (2021), Choi, Willems, and Yoo (2024)). We contribute to the literature

by presenting new evidence that the interaction between mortgage market structure (i.e., ARM

vs. FRM) and refinancing costs can generate the asymmetric macroeconomic effects of mone-

tary policy. To the extent that household refinancing decisions can be affected by the state of
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the economy (Chen et al. (2020); DeFusco and Mondragon (2020); Eichenbaum et al. (2022)), our

findings may help reconcile the contrasting evidence found in the existing literature.

After the seminal theoretical framework for endogenous mortgage choices by Campbell and

Cocco (2003), many researchers have examined the driving forces that affect the heterogeneity of

the share of ARMs across countries and the within-country fluctuation over time.2 Although we

do not explicitly model the financial and non-financial characteristics influencing the share of

ARMs, we complement existing research by demonstrating, both empirically and theoretically,

that monetary policy significantly affects ARM share fluctuations. Furthermore, our findings

show that prolonged low interest rates reduce the share of ARMs, consistent with the data.

Lastly, our quantitative model structure is closely related to papers that examine households’

optimal housing tenure and mortgage choices under the framework of heterogeneous agent

models.3 Most of them focus on the financial crisis period and provide policy implications to

stabilize macro volatility. In contrast, we set up a model to examine the mortgage refinancing

channel that can improve the efficacy of monetary policy.

3 Empirical evidence

In this section, we present macro- and micro-level empirical evidence of asymmetric con-

sumption responses to monetary policy changes and demonstrate that refinancing serves as the

primary channel driving our findings. First, we provide macro evidence indicating that con-

sumption responses, dependent on the state (i.e., the share of ARMs), exhibit asymmetry be-

tween contractionary and expansionary monetary policy shocks. Specifically, monetary tighten-

ing leads to a greater reduction in consumption expenditures in economies with a higher share

of ARMs. In contrast, under expansionary shocks, the consumption responses do not signifi-

2The former topic is studied by Ehrmann and Ziegelmeyer (2017), Badarinza, Campbell, and Ramadorai (2018),
and Albertazzi, Fringuellotti, and Ongena (2024). Utilizing US data, Koijen, Hemert, and Nieuwerburgh (2009),
Moench, Vickery, and Aragon (2010), Coulibaly and Li (2009), and Johnson and Li (2014) investigated factors de-
termining the share of ARMs and explained its volatility. Andersen, Campbell, Cocco, Hansman, and Ramadorai
(2023) examined the same topic using Danish administrative data.

3Chatterjee and Eyigungor (2015), Corbae and Quintin (2015), Hatchondo, Martinez, and Sánchez (2015), Camp-
bell and Cocco (2015), Mitman (2016), Kim (2020), Kaplan, Mitman, and Violante (2020), Guren, Krishnamurthy, and
Mcquade (2021), Gete and Zecchetto (2024), and more.
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cantly differ with the share of ARMs, a phenomenon not previously explored in the literature.

Second, utilizing country-household-level panel data from the HFCS, we find that consumption

responses to the decrease in policy rates are not significantly different between ARM and FRM

mortgagors, corroborating the macro-level findings.

Third, we explore various hypotheses to account for the asymmetric consumption responses

across different shares of ARMs, including disparities in savings behavior, non-mortgage debt

repayments, borrowing constraints, fiscal policies, and responses of mortgage interest rates but

find that these factors do not sufficiently explain the observed asymmetries. Finally, we provide

micro-level evidence from the HFCS data that refinancing is the critical channel through which

expansionary shocks influence consumption regardless of the underlying mortgage structure:

mortgagors who refinance in response to a policy rate decrease exhibit a larger increase in con-

sumption compared to those who do not refinance.

3.1. Empirical motivation: Macro evidence

We sampled 18 euro area countries that share a common monetary policy but display vary-

ing shares of ARMs across countries and over time.4 To investigate whether the influence of

the mortgage structure on consumption is symmetric between contractionary and expansion-

ary monetary policy shocks, we employ the state-dependent local projection (LP) method, as

described in Jorda (2005) and Ramey and Zubairy (2018).

∆yi,t+h =It

4

∑
j=0

(
θP

j,hSARMi,tεt−j + βP
j,hεt−j + γP

j,hmacroit−j

)
+ (1 − It)

4

∑
j=0

(
θN

j,hSARMi,tεt−j + βN
j,hεt−j + γN

j,hmacroi,t−j

)
+

4

∑
j=1

µjyi,t−j + Linear and Quadratic Time Trendt + (Ci + Tt) + ei,t+h

where the subscript i denotes the country, and t represents time measured in quarters. The

primary dependent variable is the logarithmic difference in consumption expenditure.

4The 18 countries included in the sample are Austria, Belgium, Cyprus, Estonia, Finland, France, Germany,
Greece, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Portugal, Slovakia, Slovenia, and Spain.
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The variable εt represents the monetary policy shock, identified using the high-frequency

approach detailed in Jarociński and Karadi (2020), and is extended to cover data up to June 2023.

The function It is a dummy variable indicating the sign of the monetary policy shock, taking

the value of one for contractionary shocks and zero otherwise. We account for macroeconomic

conditions, denoted by macroi,t, by incorporating GDP growth rates and inflation rates, as well

as lags of the dependent variable. Additionally, we control for both linear and quadratic time

trends.

The variable SARMi,t denotes the share of ARMs. Since the share of ARMs is an endogenous

variable affected by monetary policy and is highly volatile in some sample countries, we mea-

sure it at a low frequency to capture persistent country-specific characteristics. We employ three

measurement approaches. First, we calculate the ratio of outstanding residential ARM balances

to the total balances of residential mortgages for each country and each wave of HFCS, aver-

aging them across waves. This provides the share of ARMs which varies across countries but

remains constant over time (refer to Table H1 in the Appendix). Second, we use the quarterly

share of new loans to households for house purchases with a variable rate or an initial rate fix-

ation period of up to one year in total new loans for house purchases from the ECB. We then

extract the trend component using the HP filter to generate low-frequency data for each country

(see Figure I1 in the Appendix). Third, we define an indicator function that equals one if the

share of ARMs measured by HFCS is larger than 50%, and zero otherwise.

In the first definition of the share of ARMs, we exclude both the country-fixed effect Ci and

the time-fixed effect Tt. Excluding the time-fixed effect allows us to estimate the direct responses

of outcome variables to monetary policy shocks, regardless of the share of ARMs. Also, the

model without the country-fixed effect enables us to utilize the variation across countries for

identification purposes. In the second definition, we include both the time and country-fixed

effects to account for impacts from the variation of the share of ARMs within a country. This

model identification, however, cannot estimate the direct impacts of monetary policy shocks

on consumption βP
j,h and βN

j,h. In the third definition, the country and time-fixed effects are not

included. In this specification, we examine the differing responses of consumption for both

groups (countries with low vs. high shares of ARMs) to monetary policy shocks.
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Figure 1: Consumption responses to contractionary and expansionary monetary policy shocks:
The role of ARM share

(a) SARM: the ratio of outstanding balances measured from the HFCS
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(b) SARM: the trend component of the ratio of newly issued balances.
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(c) SARM: one if the share of ARMs ≥ 50%, and zero otherwise
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This figure presents the responses of consumption expenditure to a one standard deviation increase (contractionary,
first column) and decrease (expansionary, second column) in monetary policy shocks, depending on the share of
ARMs, respectively. The variable SARM is measured in three ways: the stock ratio from HFCS (panel (a)), the trend
component of the flow ratio (panel (b)), and the indicator that is one if the stock ratio is larger than 50%, and zero
otherwise (panel (c)). In panels (a) and (b), the solid (dashed) lines represent 68% (90%) confidence intervals. In
panel (c), the responses for a low share of ARM economies are depicted by a red line, while those for a high share
of ARM economies are illustrated with a blue line. Dashed (dotted) lines denote confidence intervals of 68% (90%).
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We estimate the model using data from 2003q1 to 2023q2.5 Each panel in Figure 1 presents

our estimation results. The first (second) column represents responses to contractionary (ex-

pansionary) monetary policy shocks. The first two panels present the estimated coefficients θP
0,h

and θN
0,h, where h = 0, 1, 2, ..., 12, under the first and second definitions of the share of ARMs,

respectively. Both definitions of the share of ARMs show similar results. During contractionary

monetary policy periods, economies with a higher share of ARMs tend to experience larger de-

creases in consumption. However, expansionary monetary policy shocks do not differentiate

consumption responses across shares of ARMs.

In panel (c), we present βP
0,h and βN

0,h for economies with low shares of ARMs (red line) and

θP
0,h + βP

0,h and θN
0,h + βN

0,h for those with high shares of ARMs (blue line). Consistent with previ-

ous panels, there are divergent responses in consumption across shares of ARMs under contrac-

tionary shocks. However, we observe no significant differences in consumption under expan-

sionary shocks. Though not statistically significant, consumption for economies with high shares

of ARMs increases less than that for economies with low shares of ARMs — a result opposite to

previous research. Thus, the transmission of monetary policy on consumption expenditure by

the share of ARMs exhibits asymmetry in the sign of monetary policy shocks.6

To ensure the robustness of our results, we utilize alternative definitions of monetary pol-

icy shocks, incorporate additional macroeconomic control variables, and examine outcomes for

both durable and nondurable consumption expenditures. First, we employ monetary policy

shocks identified by Altavilla, Brugnolini, Gürkaynak, Motto, and Ragusa (2019) and Kerssen-

fischer (2022).7 Figure I3 in the Appendix, based on the same econometric specifications, shows

a pronounced impact on consumption expenditures in economies with a higher share of ARMs

under contractionary monetary policy. In contrast, consumption responses do not differ signifi-

cantly across the share of ARMs under expansionary shocks, which aligns with our main results.

5Detailed data descriptions and sources are presented in the Appendix (see Tables H2 and H3).
6In addition to coefficients on interaction terms, Figure I2 in the Appendix presents responses of major macro

variables (GDP, consumption, investment, and mortgage debt) to monetary policy shocks, βP
0,h and βN

0,h, under the
first definition of SARM. The responses of these variables align with theoretical expectations, indicating that the
monetary policy shock used in this paper is well-identified.

7Using the Press Release Window German bond 3-month shock series from Altavilla et al. (2019), we capture
immediate bond yield reactions to ECB policy announcements. Additionally, we utilize ’pure policy’ shock data
from Kerssenfischer (2022), which distinguish policy adjustments from central bank information effects.
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Second, our findings remain robust even after including additional macroeconomic control vari-

ables, such as per capita nominal GDP, financial depth, government size, and trade and financial

openness, which are known to affect the effectiveness of monetary policy shocks (see Figure I4

in the Appendix). Third, we observe consistent results for both durable and nondurable con-

sumption expenditures in response to monetary policy shocks, as demonstrated in Figure I5 in

the Appendix.

3.2. Empirical motivation: Micro evidence

By leveraging the panel structure of the HFCS, we provide evidence that ARM mortgagors

do not necessarily increase consumption more than FRM mortgagors in response to policy rate

decreases. The timing of the surveys for each wave of the HFCS is depicted in Figure 2.8 Al-

though the ECB surveys approximately 20 European countries cross-sectionally in each wave,

we can generate panel data for only a subset of countries, depending on the wave (ECB (2023)).

Furthermore, our main outcome variable, consumption expenditure on goods and services, was

not surveyed in the first wave. Consequently, we use waves 2 through 4 of the HFCS to generate

an unbalanced panel dataset: six countries for the waves 2-3 panel and nine countries for the

waves 3-4 panel.9

The EONIA rate has steadily decreased during our analysis periods. The rate decreased by

0.49 percentage points between Wave 2 and Wave 3 and by 0.15 percentage points between Wave

3 and Wave 4. Thus, comparing the Wave 2-3 panel to the Wave 3-4 panel allows us to examine

different responses of consumption to the different changes in the ECB policy rate.

Consider the following household-level panel regression:

∆yi,j,t = βt(Mortgage structure)i,j,t It + ∆Xi,j,t + Λj,t + εi,j,t,

8The exact interview timing somewhat varies across countries and households, even within the same country.
Despite these variations, we calculate the average survey timing and present it in Figure 2.

9The countries included in the wave 2-3 panel data are Belgium, Germany, Spain, Italy, Cyprus, and Malta. The
countries included in the wave 3-4 panel data are Belgium, Germany, Estonia, Spain, France, Italy, Cyprus, Malta,
and Slovakia. Although we could generate wave 3-4 panel data for Finland, it does not contain information on
mortgage types (ARMs vs. FRMs). Therefore, Finland is excluded from our micro-data analysis.
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Figure 2: EONIA rate and survey timing of HFCS

This figure shows the EONIA rate and the survey timing for each wave of the HFCS.

where i represents households; j represents countries; t ∈ {2, 3, 4} represents the survey wave;

Xi,j,t is a set of control variables; Λj,t are the country×time-fixed effects, respectively. We employ

two types of dependent variables y: (1) the logarithm of consumption expenditure on consumer

goods and services, and (2) the logarithm of the total value of vehicles. The former is directly

surveyed in HFCS and measures the expenditure on non-durable goods.10 Since the survey does

not include expenditures on durable goods, we use expenditures on vehicles to proxy them.

The variable Mortgage structure captures each mortgagor’s share of ARMs, which will be

specified below. By interacting it with the time-fixed effect, we can examine how mortgage

types differently affect consumption expenditure when the ECB policy rate changes. Control

variables include household income, the value of the main residential home, and the balance of

residential mortgages. Importantly, Λj,t, which cannot be included in the macro-level estimation,

absorb various confounding factors, such as the country-specific decline in the actual mortgage

rates, time-varying credit supply side conditions, and slow-moving institutional factors, thereby

sharpening identification. All variables are converted into real terms using deflating parameters

provided by ECB (2016), ECB (2020), and ECB (2023).

To illustrate that holding ARMs does not necessarily lead to a larger increase in consumption

10In HFCS, a survey question asks for the amount spent on consumer goods and services (variable code HI0220).
It includes all household expenses (food, utilities, childcare and health care expenses, etc.) but excludes consumer
durables (e.g., cars, household appliances, etc.), rent, loan repayments, insurance policies, and renovation.
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when the policy rate decreases, we define the variable Mortgage structure as follows:

(Mortgage structure)i,j,t =

 1 if the share of ARMsi,j,t−1 ≥ 0.5

0 if the share of ARMsi,j,t−1 < 0.5


The share of ARMs is defined as the ratio of the total balance of residential ARMs to the total

balance of residential mortgages.11 The variable Mortgage structure is equal to one if the share

in the previous wave is larger than 50%, and zero otherwise.

We also define the variable as the ratio of the ARM balance to the total household debt bal-

ance.

(Mortgage structure)i,j,t =
ARM balancesi,j,t−1

Total household debti,j,t−1

Households might have multiple types of debt, including unsecured loans, credit card debts,

auto loans, and educational loans. Since the payment burden of ARMs often constitutes the

largest portion of total debt and is highly sensitive to changes in policy rates, this variable reflects

the relative significance of varying mortgage payment burdens within the total debt.

As shown in the first two panels of Table 1, the consumption expenditure responses of ARM

mortgagors are not statistically different from those of FRM mortgagors when the ECB reduces

the policy rate. Additionally, despite a more significant policy rate reduction during waves

2-3 (denoted by I{Wave3}), we do not observe a differential response in consumption expen-

ditures—whether durable or non-durable—between FRM and ARM mortgagors. These results

hold under both definitions of the share of ARMs. We also directly consider the change in the

country-level real EONIA rate, defined as the EONIA rate adjusted for country-level inflation,

and construct the independent variable as the interaction between this rate and the share of

ARMs. As indicated in Table H4 in the Appendix, our main findings remain consistent. This

aligns with the macro evidence, which shows that consumption responses do not vary signifi-

cantly with the share of ARMs.

11As some households hold multiple types of residential mortgages, we define the ratio based on total balances.
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Table 1: Micro evidence of consumption responses to policy rate decreases

∆ln(C) ∆ln(Car value)
I{ARM@(t − 1)}I{Wave3} 0.025 0.065

(0.028) (0.079)
I{ARM@(t − 1)}I{Wave4} 0.0005 0.120

(0.026) (0.070)
(ARM-to-debt ratio @(t − 1))I{Wave3} 0.041 0.049

(0.030) (0.083)
(ARM-to-debt ratio @(t − 1))I{Wave4} 0.0001 0.070

(0.026) (0.071)
I{Re f i}Control:HO w/ mortgages I{Wave3} 0.068* 0.183*

(0.039) (0.102)
I{Re f i}Control:HO w/ mortgages I{Wave4} -0.001 0.026

(0.028) (0.076)
I{Re f i}Control:HO w/o mortgages I{Wave3} 0.068* 0.229**

(0.038) (0.100)
I{Re f i}Control:HO w/o mortgages I{Wave4} 0.016 0.126

(0.031) (0.079)
Number of obs (per imputation) 5,680 5,680 5,680 17,228 4,861 4,861 4,861 13,676

This table presents responses of consumption expenditures, specifically non-durable goods and services (measured
by consumer goods and services, C), and durable goods (measured by car values, Car value), by mortgage structures
interacted with the time fixed effect. Two types of mortgage structures are considered: the share of ARMs and the
use of mortgage refinancing. Coefficients for control variables are not reported. Standard errors are reported in
parentheses. *** p-value < 0.01; ** p-value < 0.05; * p-value < 0.1.

3.3. Potential explanations for asymmetric consumption responses

This subsection explores potential hypotheses that could explain the previously reported

asymmetric consumption responses.

(Repayment of non-mortgage debts) Following the automatic savings on mortgage interest

resulting from an expansionary monetary shock, ARM mortgagors might opt to reduce their

non-mortgage debt balances (e.g., credit cards, consumer loans, and credit lines), thereby po-

tentially limiting their capacity to increase consumption. However, our analysis does not sup-

port this hypothesis. We focused on mortgagors with positive balances on both mortgages and

non-mortgage debts at wave t − 1, defined changes in non-mortgage balances as the dependent

variable, and regressed it against the outlined independent variables. As reported in Table H5 in

the Appendix, the changes in non-mortgage balances between ARM and FRM mortgagors are

not statistically different.12

12In this analysis, we define two types of dependent variables: (1) the logarithmic difference in the non-mortgage
balance and (2) an indicator function that equals one if the (positive) non-mortgage balance decreases and zero
otherwise. For the first definition, if the balance at wave t is zero, we set its logarithmic balance to zero.
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(Different saving patterns) Another potential explanation for the non-divergent consump-

tion response could be differences in saving behavior between ARM and FRM mortgagors. An

expansionary monetary policy shock increases disposable income for ARM mortgagors, which

could lead them to save more, thereby resulting in a negligible difference in consumption re-

sponses between the two types of mortgagors. Since the HFCS does not survey household-level

saving amounts, we indirectly measure saving patterns by examining the change in net wealth,

regressing it against the same independent variables. However, we do not find significant differ-

ences in saving patterns between ARM and FRM mortgagors (see Table H6 in the Appendix).13

(Different financial constraints) Our findings may be influenced by varying ex-ante bor-

rowing constraints among mortgagors. When households face greater financial constraints,

their consumption typically responds more strongly to expansionary monetary policy shocks.

Therefore, we investigate whether ARM mortgagors experience different degree of borrowing

constraints than FRM mortgagors. If ARM mortgagors face weaker constraints than their FRM

counterparts, their consumption response might be less pronounced, leading to non-divergent

consumption patterns across mortgage types. The HFCS survey data provide insights into

households’ credit constraints, derived from (1) experiences of credit refusal or reduction, and

(2) perceived credit constraints.14 We employ regression analysis to examine the relationship

between mortgage types and these two measures of credit constraints. Our analysis reveals no

significant differences in borrowing constraints based on mortgage types (see Table H7 in the

Appendix).

(Different fiscal policy responses) Given a single monetary policymaker, fiscal spending

across European countries may vary based on their share of ARMs following monetary policy

shocks. For example, a government with a lower share of ARMs anticipates that consumption

cannot be sufficiently stimulated after an expansionary shock from the ECB. Consequently, gov-

ernment spending might increase more in such an economy, thereby narrowing the gap in con-

13We define two types of dependent variables: (1) the logarithmic difference in net wealth and (2) an indicator
function that equals one if net wealth increases and zero otherwise. For the first definition, we exclude those samples
from the analysis if net wealth is zero or negative.

14The former is gauged by the survey question regarding experiences of credit refusal or reduction among those
applying for credit in the past three years (variable code DOCREDITREFUSAL). The latter includes households
whose credit applications were denied or who refrained from applying for credit due to perceived credit constraints
(variable code DOCREDITC).
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sumption responses across different shares of ARMs. As illustrated in Figure I6 in the Appendix,

fiscal policy stances do not differ significantly based on the proportion of ARMs following con-

tractionary and expansionary monetary policy shocks.

(Mortgage interest rate responses across the share of ARMs) Although the ECB is the sole

monetary policy authority in Europe, mortgage interest rates in each country may respond dif-

ferently to changes in the policy rate. Whereas the inclusion of country×time-fixed effects in the

household-level panel regression largely addressed the concern that these differing responses

of mortgage interest rates drove asymmetric consumption responses, we still calculate country-

level correlation coefficients between the monthly and quarterly differences of the EONIA rate

and mortgage interest rates and analyze whether they vary systematically with the share of

ARMs. As shown in Figure I7 in the Appendix, the correlation coefficients between these vari-

ables are close to zero, indicating no systematic relationship and thus failing to explain our em-

pirical findings.

3.4. The role of refinancing channel

Previously, we demonstrated that the share of ARMs alone does not sufficiently explain

the transmission of monetary policy to consumption, particularly in the case of expansion-

ary shocks. This raises the natural question: why does the consumption response to contrac-

tionary monetary policy shocks align with previous literature, whereas it differs for expansion-

ary shocks? We posit that mortgage refinancing serves as a crucial transmission mechanism.

Following a contractionary shock, households simply do nothing as their mortgage rate is fixed

at a lower rate. However, following an expansionary shock, households with access to low-cost

refinancing can easily lock in mortgage interest rates at low levels (i.e., exercising call options),

strengthening their financial positions over the mortgage term and increasing consumption.

This asymmetry distinguishes the refinancing channel from a standard narrative on variable

vs. fixed-rate mortgages as a determinant of monetary policy effectiveness.

By utilizing the panel structure of HFCS, we provide supportive evidence that refinancing
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serves as a primary channel for stimulating consumption in response to expansionary shocks.15

To explore this, we define the variable Mortgage structure as follows:

(Mortgage structure)i,j,t =

 1 if refinancing between wave t and t-1

0 no refinancing


We establish an indicator function that equals one if a household has refinanced since the last

survey wave and zero otherwise. Depending on the definition of control groups, we construct

two distinct indicator functions. The first control group consists of homeowners with mort-

gages who did not refinance between survey waves. The second group is homeowners without

mortgages, thus excluding any refinancing activity. To address potential selection effects among

those who choose to refinance, we analyze both control groups to ensure the robustness of our

findings.

The coefficient on refinancing usage for the panel period spanning waves 2 to 3 is positive

and statistically significant, regardless of the definition of indicator functions (see the last two

panels of Table 1). This implies that households that refinance mortgages increase consumption

expenditures more than those without refinancing when the policy rate declines. However, the

decline in the policy rate was smaller under the wave 3-4 panel period. This mitigates the mone-

tary policy transmission channel through refinancing and thus leads to statistically insignificant

responses in consumption expenditures. This refinancing channel applies to both non-durable

and durable goods expenditures. As shown in Table H4 in the Appendix, the refinancing channel

remains effective across different econometric specifications, although its statistical significance

regarding the change in car value disappears.

While we mitigate the selection issue by employing two types of control groups, it is still

possible that households opting to refinance their mortgages differ from those choosing not

to, potentially influencing our empirical results. To address this critique, we regress the previ-

ously defined refinancing indicator function against ex-ante household financial characteristics.

As shown in Table H8 in the Appendix, households that either refinance or abstain from refi-

15Due to the gradual decline in the ECB policy rate since the inception of the HFCS survey, we are unable to
examine the impact of contractionary shocks on consumption through households’ refinancing decisions.
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nancing exhibit non-distinguishable ex-ante credit histories. However, households with longer

remaining mortgage terms and/or higher financial assets are more likely to pursue refinanc-

ing. This underscores the significant costs associated with mortgage refinancing. Accordingly,

households with shorter remaining terms may be deterred by these costs and less inclined to

adjust their mortgage agreements favorably.16 Moreover, households with limited financial as-

sets may find the financial burden of refinancing prohibitive (DeFusco and Mondragon (2020)).

Essentially, households make refinancing decisions (i.e., exercising options) weighing potential

benefits and costs. As call options become more valuable when an increase in underlying asset

prices is larger, households are more inclined to refinance following a substantial decline in the

policy rate.

(Empirical plausibility of the refinancing channel) Our findings suggest that refinancing,

akin to a call option structure, can trigger shifts in mortgage composition (ARMs vs. FRMs)

under an expansionary shock. Specifically, mortgagors convert their mortgages to new FRMs,

locking in lower interest rates over the long term. Given the nature of a long-term mortgage con-

tract, this improvement in their financial position can persistently enhance their balance sheets,

thereby stimulating consumption. Despite its intuitive appeal, a natural question arises: is this

channel empirically plausible given the actual cost of refinancing that households pay?

According to a French mortgage broker France Home Finance (www.francehomefinance.com),

“As a rule of thumb, refinancing is beneficial if the new rate is at least 1% lower than the current

rate and the outstanding balance is over 50,000 euros,” suggesting that the cost of refinancing

is far from prohibitively high, especially in a country with a high share of FRMs.17 Given the

actual decline in the mortgage rates between HFCS waves, this anecdotal evidence helps us un-

derstand the significant (insignificant) effect of refinancing between wave 2 and 3 (wave 3 and 4)

16Theoretical insights from Berger et al. (2021) suggest that households with shorter remaining mortgage dura-
tions are less likely to refinance.

17While directly measuring the cost of refinancing across European countries presents significant challenges, it is
plausible that this cost has fallen with the rapid advancement of FinTech. For example, Fuster, Plosser, Schnabl, and
Vickery (2019) found that FinTech lending has alleviated frictions in refinancing and borrowers indeed refinance
more in areas with more FinTech lending. Relatedly, Bartlett, Morse, Stanton, and Wallace (2022) showed that the
rate disparities for minority borrowers were substantially lower for the Federal Housing Administration refinance
loans extended by FinTech lenders, suggesting the role of FinTech in mitigating refinancing frictions. Using a
calibrated model, Buchak, Chau, and Jørring (2023) find that the FinTech customer acquisition technology reduces
the mental cost of refinancing by roughly 1,500 USD.
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in Table 1. While the average decline in the mortgage rate of 18 countries in the sample is 1.12%

with a standard deviation of 0.72% between waves 2 and 3, the corresponding values are only

0.45% and 0.21% between waves 3 and 4, which suggests that the benefit of refinancing between

waves 3 and 4 is unlikely to exceed its cost.

Nevertheless, there exist various frictions in access to mortgage refinancing, such as financial

illiteracy, rational inattention, and psychological factors (e.g., Agarwal, Rosen, and Yao (2016);

Keys, Pope, and Pope (2016); Garriga et al. (2017); Andersen, Campbell, Nielsen, and Ramadorai

(2020); Berger et al. (2023)), which makes it difficult to observe true refinancing costs. Thus, for

a more systematic approach, we build a quantitative model and calibrate the refinancing cost to

match observed refinancing rates from the HFCS.18 This allows us to theoretically analyze the

call option-like mechanism of refinancing in response to both contractionary and expansionary

monetary policy shocks. Indeed, there is a statistically significant negative relationship between

refinancing frequency and the share of ARMs, suggesting that countries with lower refinancing

costs (or higher refinancing frequency) tend to favor FRMs (see Figure I8 in the Appendix). As

a result, even economies with a lower share of ARMs may experience significant consumption

increases following an expansionary shock.

4 Quantitative Model

This section introduces a heterogeneous agent model that mirrors the structure of the Eu-

ropean mortgage finance market. We theoretically examine consumption responses to both

contractionary and expansionary monetary policy shocks across varying shares of ARMs and

investigate how refinancing costs influence consumption responses. Our analysis reveals that

consumption responses to monetary policy shocks are not necessarily amplified as the share of

ARMs increases, which contrasts with previous findings (e.g., Rubio (2011), Calza et al. (2013),

and Garriga et al. (2017)). Consistent with existing literature, our quantitative exercises indicate

that consumption declines more in response to contractionary shocks as the share of ARMs in-

18For each wave of the HFCS, we calculate the ratio of households that refinanced their mortgages within the
past three years to the total number of mortgagors, averaging the results across waves 1–4.
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creases. However, an increased share of ARMs does not invariably lead to a larger increase in

consumption in response to expansionary shocks; rather, refinancing costs (or costs of exercising

refinancing options) play a crucial role in shaping consumption responses. Given the limitations

of available data, particularly regarding country-level refinancing costs, a model-based analysis

is essential for obtaining a more comprehensive understanding of this mechanism.19

(Preferences) Time is discrete and infinite and is indexed by t = 0, 1, 2, .... There are three

market participants: households, mortgage lenders, and the construction sector. Households

maximize their lifetime utility given by

E0

∞

∑
t=0

βtu (ct, ht, st) ,

where ct is consumption, ht ∈ {hS, hL} is the housing service (or the house size) with hL > hS,

and st ∈ {0, 1} is an indicator function that is one if a household is a homeowner and zero if it is

a renter. The household’s periodic utility is defined as follows:20

u (ct, ht, st) =

 ln(ct) + ln(ht) i f st = 1; ht ∈ {hS, hL}

ln(ct) + ln(ωht) i f st = 0; ht = hS


Households can choose whether to stay in an owner-occupied house or a rental house. If the

household decides to be a homeowner, it can endogenously choose the size of the house. How-

ever, renters can stay only in a small-sized home hS and receive extra utility benefits and/or

costs ω.

(Idiosyncratic shocks) There are three types of idiosyncratic shocks: income, interest rates,

and depreciation/appreciation shocks. First, households receive an exogenous (log) income

stream e that is the sum of persistent and transitory components: ln(e) = z + ν. The persis-

19The model structure outlined in this section builds on the frameworks of Chatterjee and Eyigungor (2015),
Corbae and Quintin (2015), Hatchondo et al. (2015), and Gete and Zecchetto (2024). However, unlike these prior
studies, our model incorporates endogenous mortgage type choices (ARMs vs. FRMs) and a non-recourse mort-
gage structure, specifically reflecting the characteristics of the European mortgage finance market. It also examines
consumption responses to MIT monetary policy shocks under different shares of ARMs and/or refinancing costs.
Detailed value functions and optimization problems are provided in Appendix A.

20I use the log utility function where (log) consumption and (log) housing service are additively separable, as in
Corbae and Quintin (2015).
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tent component of income z follows an AR(1) process (i.e., zt = ρzt−1 + ϵt), and ν is the transi-

tory component. Idiosyncratic shock processes are defined as follows: ϵt ∼ i.i.d.N
(
0, σ2

ϵ

)
and

ν ∼ i.i.d.N(0, σ2
ν ).

Second, households can accumulate financial assets a with the (one-period) interest rate r+ b,

where the risk-free rate r is exogenously given as in a standard small-open economy model, and

the idiosyncratic interest rate shock b is defined by b ∼ i.i.d.N
(
0, σ2

b
)
. Under the steady state,

the risk-free rate does not change. However, we will consider experimental economies where

this rate unexpectedly changes (i.e., an MIT monetary policy shock) and examine how macro

and household finance variables respond to such shocks.

There are two rationales for introducing the interest rate shock. First, as explained later, the

rate r + b is the index rate for the mortgage contract. Without modeling variations in the index

rate, it is not possible to generate the co-existence of both FRMs and ARMs under the steady

state. Second, HFCS shows that the variation in households’ borrowing interest rates, even after

controlling for their financial and non-financial characteristics, is significant.21

Third, every homeowner faces depreciation and appreciation shocks. More specifically, if a

homeowner stays in a large-sized (small-sized) home, she can face a depreciation (appreciation)

shock with a probability δ− (δ+). Then, the size of the home becomes hS (hL). The main pur-

pose of introducing the shocks is to match the distribution of the LTV ratio and households’ net

wealth.22

(House and rent prices) There are two housing-related prices: the owner-occupied unit

house price p and the unit rent price z. Thus, the value of the house is ph, and the actual rent

payment is given by zhS.

We model the owner-occupied and rental housing markets as independent. As explained

later, there is a construction sector that supplies owner-occupied houses. Thus, the unit house

price is endogenously determined to clear the owner-occupied house market. For simplicity,

21As examined in Appendix C, we regress the mortgage interest rate on household financial and non-financial
characteristics and find that more than 50% of the variation cannot be explained by these factors. Thus, a significant
proportion of the variation in borrowing interest rates cannot be explained by household-specific features, which
justifies the existence of the idiosyncratic shock.

22Since the model has an LTV regulation, it is not possible to match the distribution of LTV without modeling
such idiosyncratic shocks. It also increases households’ precautionary saving and thus affects their saving behavior
and net wealth.
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we do not consider the rental housing market. The unit rent price is exogenously given and

calibrated to match the house-value-to-rent ratio.

(Mortgage structure) Homebuyers can access long-term mortgages.23 When a renter buys

an owner-occupied house at time t, she can take out a mortgage m(≥ 0) with the (unit bond)

price of q. Then, the total outstanding mortgage is given by mq. The mortgage price q is endoge-

nously determined, reflecting each household’s default risk, which will be clarified later. When

a household takes out a new mortgage, it incurs an origination cost ξ that is proportional to the

initial balance.

Each household can choose the mortgage type k: FRMs vs. ARMs. If the household chooses

the FRM, the mortgage interest rate will not change until the end of the contract. On the other

hand, the rate for ARMs changes depending on the realization of interest rate shocks. For each

mortgage type k ∈ {FRM, ARM}, its mortgage interest rate i is the sum of the risk-free rate, the

idiosyncratic interest rate shock, and the type-specific margin rate θk. In other words, when the

mortgage is contracted at time t, the interest rate stream for FRMs is given by it = it+1 = it+2 =

. . . = rt + bt + θFRM. For ARMs, the rate is given by it+l = rt+l + bt+l + θARM where l ≥ 0.

In addition, when the home buyer chooses a certain mortgage type k, a type-specific (one-time)

loan origination fee ξk that is proportional to the initial mortgage balance is incurred.

If the household takes out the mortgage at time t, its balance proportionally decreases by

the rate η ∈ (0, 1) every period. That is, the mortgage balance starting from time t + 1 geomet-

rically decreases as follows: (m, ηm, η2m, η3m, ...). This declining balance can be interpreted as

the amortization scheme or the mortgage contract length.24 The household with the mortgage

must pay both the principal and the interest. Then, the payment stream starting from time t+ 1 is

given by { m (1 − η + it+1) / (1 + it+1), mη (1 − η + it+2) / (1 + it+2), mη2 (1 − η + it+3) / (1 + it+3) , ...

}.25

23For simplicity, we do not model second mortgages, home equity loans, home equity lines of credits (HELOCs),
and unsecured credits. It would be an interesting research avenue to embed such non-mortgage debts and examine
their impacts on macro and household finance variables from monetary policy shocks.

24Suppose the household signs a mortgage contract at time t. Then, we can interpret that the contract terminates
at time t + 1 with a probability of (1 − η), at time t + 2 with a probability of η(1 − η), and so on. Given this, the
expected mortgage contract length can be derived by ∑∞

t=0(1 − η)ηt(t + 1) = 1/(1 − η).
25The timing assumption of the loan balance and payments is as follows. When the household takes out the

mortgage at time t, its borrowed balance is qm. The balance becomes m at time t + 1 and then geometrically de-
creases. Since the payment starts from time t + 1, the gross mortgage interest rate 1 + i must be divided to equalize

24



(Households’ problems) A renter decides whether to stay in a rental house or buy an owner-

occupied house with mortgages. If the renter decides to stay in a rental house, she pays the

periodic rent, accumulates financial assets, and postpones the homeownership decision to the

next period. If the household buys a house, it saves financial assets, chooses the house size, pays

the housing transaction cost, which is a fraction χB of the house value, and faces the maximum

LTV limit µ. When the home purchaser takes out the mortgage, she must choose the mortgage

type (FRMs vs. ARMs).

At the start of each period, the homeowner faces three types of idiosyncratic shocks. Af-

ter observing them, she decides whether to repay the mortgage as contracted, sell the house,

refinance loans, or default.26

When the household sells the house, it pays the remaining debt balance and the housing

transaction cost, which is a fraction χS of the current house value. It then becomes a renter, stays

in a small-sized home, and pays the periodic rent.

Once the household refinances loans, it must pay two types of refinancing costs: a fraction

ξR of the currently remaining loan balance and a fixed cost ξRF. The household repays the

remaining loans, then it can borrow again under the new contract term (mortgage type and

balance) and is eligible to switch its house size with transaction costs.

The homeowner can potentially default after experiencing adverse shocks and lose home-

ownership. We model that mortgages are recourse, reflecting the European mortgage market

structure (Cerutti et al. (2017) and Gete and Zecchetto (2024)). Thus, the defaulting household

loses the ownership of its home and compensates lenders for uncollected losses with their fu-

ture income and financial assets. More specifically, if lenders incur losses even after foreclosing

the house, the defaulting household must compensate them, which is the proportion κ of their

current income and financial assets. If lenders still cannot fully recover their losses, uncollected

balances are rolled over with the risk-free rate r. In the next period, the defaulting household

compensates lenders again by the amount of κ(a + e). When the uncollected balance becomes

the present value of payments and the loan balance at time t + 1.
26In many countries, households’ mortgage interest payments are tax-deductible from their taxable income.

However, Germany, which is our main benchmark target economy, does not allow tax deductions (Cerutti, Dagher,
and Dell’Ariccia (2017)). Thus, we do not include such a component in the model.
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zero, the household’s bad credit record is eliminated. We also model that its bad credit history

becomes good with a probability γ even if there is a positive remaining unpaid balance. Once

the defaulting household’s credit record is recovered, it can be eligible to be a homeowner and

re-access the mortgage market. In Appendix G, we also examine an economy where mortgages

are non-recourse, the dominant mortgage structure in the US (Feldstein (2008)), and compare

the results under two mortgage structures.27

(Mortgage lenders’ problems) The mortgage market is competitive, and mortgage lenders

are risk-neutral. There is no information asymmetry among market participants. The mortgage

lender discounts future cash inflow with the contracted mortgage interest rate i. In other words,

the discounting rate is fixed until the end of the contract if the household uses FRMs, while that

for ARMs changes depending on the realization of interest rate states.

When the mortgage lender makes the loan contract, she takes into account the possibility

of household defaults and proposes mortgage bond prices. When the household repays the

mortgage as contracted, the lender can receive the periodic payment and would expect to recover

future cash inflow. If the household either sells the house or refinances the mortgage, the lender

can fully recover the mortgage balance, and the contract terminates. After the default, the lender

forecloses the house and (partially) recovers their losses by selling it. However, she cannot fully

recover the value of the foreclosed house, and thus, a foreclosure cost is incurred, which is a

fraction χD of the house value. In addition to the proceeds from the foreclosure sale, lenders can

also recover their losses by garnishing (some portion of) the income and financial assets of the

defaulted household. If they still incur losses, lenders are eligible to roll over the uncollected loan

balance and garnish the defaulted household’s income and financial assets in the next period.

Once the remaining balance becomes zero or the household’s credit record recovers, the loan

contract terminates.

If the lender anticipates significant losses on the mortgage contract, the zero-profit condition

necessitates charging high-risk premiums, which lowers the bond price. Conversely, if the lender

expects full recovery of the loan balance as contracted, no default risk premium is charged.

27Under the non-recourse mortgage structure, defaulting households immediately lose homeownership and do
not compensate lenders’ losses from their future income and financial assets. Consequently, lenders might not fully
recover their losses even after completing the foreclosure process.
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(Housing market dynamics) Every period, the fraction δ of owner-occupied housing stocks

is depreciated. In turn, the construction sector endogenously supplies owner-occupied houses

IRI in the following manner: IRI = ψ1pψ2 . The parameter ψ1 is the scaling parameter, and the

parameter ψ2 is the house supply elasticity.28

In the model, homeowners can switch their house sizes both voluntarily and involuntarily. At

the same time, an increase in home buyers (sellers) leads to a decrease (an increase) in available

owner-occupied housing stocks in the market. Thus, the number of housing stocks that are

newly released into the market can be expressed as follows:

H+stocks =
∫

Sell
hdΨ +

∫
De f ault

hdΨ +
∫

Re f i,∆h<0
|∆h|dΨ +

∫
Depreciation shock

|∆h|dΨ

where Ψ is the invariant distribution. On the RHS, the first term is the addition of housing stocks

from home sellers; the second term is from mortgage defaulters; the third term is from house-

holds that reduce the house size with refinancing; the fourth term is from large-sized homeown-

ers who receive the depreciation shock and thus involuntarily reduce their home size.

On the flip side, either buying homes or increasing house sizes leads to a decrease in available

housing stocks in the market.

H−stocks =
∫

Buy
hdΨ +

∫
Re f i,∆h>0

|∆h|dΨ +
∫

Appreciation shock
|∆h|dΨ

The first term on the RHS is the new home purchases by renters; the second term is from house-

holds that increase the house size after refinancing; the third term is from small-sized homeown-

ers who received the appreciation shock.

(Definition of a stationary equilibrium) An equilibrium consists of value functions, house-

hold optimal policy functions, mortgage prices, the owner-occupied unit house price, and an

invariant distribution such that:29

1. Given mortgage price functions and the unit house price, each household solves its maxi-

28Following Floetotto, Kirker, and Stroebel (2016), Lim (2018), and Cho, Li, and Uren (in press), we simplify the
residential investment function to make the model computationally tractable.

29The detailed computation algorithm is presented in Appendix B.
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mization problems.

2. Given households’ optimal policy functions and the unit house price, the mortgage price

functions are competitively determined (i.e., lenders’ zero-profit conditions).

3. The stationary distribution is invariant in the long run.

4. Let H be the total owner-occupied house stock. The unit house price is pinned down to

clear the owner-occupied house market as follows: H′ = (1 − δ) H + H+stocks − H−stocks + IRI .

5 Calibration

This section presents how we calibrate the benchmark economy. We then report model-

generated mortgage and household-finance-related moments and compare them with the data.

5.1. Model parametrization

While our model parameters are calibrated using data from the German economy due to

its comprehensive availability, it is important to emphasize that the model does not explicitly

capture certain idiosyncratic features of the German housing market. Instead, the framework is

designed to be more general, especially inferring refinancing costs, which are challenging to ob-

serve directly in data. A number of parameters are exogenously chosen from previous literature

and micro-level data, mostly from HFCS (wave 1—3).30 Others are endogenously determined

to match housing- and mortgage-related moments. In the model, a period is a quarter. Table 2

summarizes the model parameters.

(Idiosyncratic shock parameters) Household income is decomposed into two parts: persis-

tent and transitory income shocks. Based on the model in Storesletten, Telmer, and Yaron (2004),

Bayer and Juessen (2012) estimate the income process of Germany. Since they estimated annual

basis parameters, we convert them into a quarterly basis using the methodology in Chang and

Kim (2006). Then, the persistent component of the quarterly income process parameters (ρ, σϵ)

is set to (0.975, 0.091). The standard deviation of the transitory component of the quarterly in-

come process is 0.086. I construct three grid points for the persistent income process and three

30Since the fourth wave of HFCS is surveyed after COVID-19, we mainly use the pre-COVID waves.
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for the transitory income process using Tauchen (1986). In turn, the number of grid points for

the idiosyncratic income process is nine.

(Mortgage-related parameters) Following the definition in Badarinza et al. (2018), we define

ARMs as mortgages where mortgage interest rates change at least once per year. Since the mort-

gage interest rate is the sum of the index rate and the margin rate, we set the quarterly ARM

margin θARM as 0.29%, which is the difference between the ARM interest rate and the German

government bond rate. Similarly, the FRM margin is set as 0.30%.31 We normalize the mortgage

origination cost and the cost of using ARMs to zero.

Since the standard maturity for residential mortgages is 15 years, we set the amortization

parameter η to 0.98 (Cerutti et al. (2017); HFCS tabulation results). When a household decides

to refinance the mortgage, it prepays the current loan, takes out a new loan with a new contract

term, and incurs a refinance cost. We set the variable cost for refinancing at one percent of

the remaining balance, reflecting the German prepayment penalty.32 Since households may not

fully understand or utilize the benefits of refinancing (Keys et al. (2016)), possibly due to lack of

financial literacy or inattention (Gerardi, Willen, and Zhang (2023)), the fixed refinance cost is

endogenously determined to match the actual refinance rate.

After the default, households must compensate lenders’ losses by using their current and

future out-of-pocket income and financial assets. We set the recourse parameter κ as 25%, fol-

lowing Hatchondo et al. (2015) and Gete and Zecchetto (2024). However, defaulted households

can possibly recover their credit records and are eligible to re-access the mortgage market with

the probability γ. According to Gros (2014), those households are usually excluded from the

credit market between five to seven years. We thus set the default penalty parameter as 0.042,

which is the six years of credit market exclusion.

(Housing-related parameters) Homeowners can choose their house size. I normalize the

size of a small house as one. In HFCS, there is a survey question that asks the size of residential

31The source of interest rates for ARMs and FRMs are the Deutsche Bundesbank (BBK01.SU0049 and
BBK01.SU0046, respectively), and the government bond rate is from FRED (IRLTLT01DEM156N). We calculated
the margin between 1991 and 2014 and averaged them.

32In Germany, there are no specific legal guidelines for the refinance (or prepayment) cost. Commercial banks
internally calculate their potential losses and charge them to customers. However, there is a maximum prepay-
ment penalty for consumer loans, which is one percent of the amount repaid early. We select the variable cost of
refinancing as this value.
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homes (in square meters). Consistent with our model assumption, homeowners stay in larger-

sized homes than renters. The size of the large home is measured by the average house size for

homeowners conditional on their house size being larger than renters’ average home size. Its

size is 83% larger than the average renters’ home size. Thus, we set the size of a large home as

1.83.

When the household sells or buys a house, transaction costs are incurred. Following Kaas

et al. (2020), the transaction cost is 10.8% of the house value for buying and 2.9% for selling.

Housing stocks are depreciated with the rate δ. We select this value as 0.25% per quarter from

Kaas et al. (2020). The owner-occupied house supply elasticity is given by 0.43, which comes

from Caldera and Åsa Johansson (2013).

(Further parameters) Following Kaas et al. (2020), we choose the quarterly risk-free rate r as

0.64%. The LTV limit in Germany is 80% (Cerutti et al. (2017)). When the household defaults

on mortgages, financial intermediaries face the foreclosure cost. Since mortgage foreclosure is a

rare event in Germany, it is hard to estimate this (unrealized) cost. However, we set this cost as

22% of the house value, which is standard in the US (Pennington-Cross (2006)).

(Endogenously determined parameters) Nine free parameters are endogenously determined:

the discount factor β, the extra benefit/cost from staying in a rental house ω, the origination

cost of FRMs ξFRM, the fixed refinancing cost ξRF, the unit rent price z, the scaling parameter

for the construction function ψ1, the appreciation shock δ+, the depreciation shock δ−, and the

standard deviation of the idiosyncratic interest rate shock σb. To reduce the computational bur-

den, we assume that the appreciation and depreciation shocks are the same: δ+ = δ−. Then,

for the remaining eight parameters, we jointly match the homeownership rate (42.2%, Kaas et

al. (2020)), the financial-asset-to-quarterly-income ratio (2.76; HFCS), the share of ARMs (16%;

HFCS), the quarterly refinance rate (1.53%; HFCS),33 the house-value-to-quarterly-income ratio

(19.2; HFCS), the house-value-to-quarterly-rent ratio (86.4; HFCS), the net-wealth-to-quarterly-

income ratio (9.8; HFCS), and the ratio of ARM to FRM mortgagors’ consumption (0.91; HFCS).

Regarding the data moments, we calculate each from the wave 1-3 HFCS and average them

33The ratio is calculated by dividing the number of households that refinanced over the last three years by the
number of mortgagors and then converting this to a quarterly basis by dividing by 12.
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across waves.

5.2. Model fit

This subsection presents calibration results and compares model-generated moments with

their data counterparts. Table 3 presents household finance moments generated by the model

economy and the data. Through calibration, we matched eight data moments. Although we do

not directly target them, the model can successfully reflect several data moments.34

Table 3: Benchmark steady-state economy

(1) (2)
Data Benchmark

Targeted statistics
Homeownership rate 42.2% 42.4%
Financial-asset-to-quarterly-income ratio 2.76 2.76
Share of ARMs 0.16 0.16
Quarterly refinance rate 0.015 0.015
House-value-to-quarterly-income ratio 19.2 18.9
House-value-to-quarterly-rent ratio 86.4 86.3
Net-wealth-to-quarterly-income ratio 9.8 9.1
(Consumption | ARM mortgagors)/(Consumption | FRM mortgagors) 0.91 0.89
Non-targeted statistics
LTV ratio 39% 21%
PTI ratio 12% 9.3%
Mortgage foreclosure rate 0% 0%
Share of poor hand-to-mouth (PHtM) households 12.9% 8.5%
Share of wealthy hand-to-mouth (WHtM) households 11.4% 4.6%
(Income | ARM mortgagors)/(Income | FRM mortgagors) 0.93 0.83
(Fin asset | ARM mortgagors)/(Fin asset | FRM mortgagors) 0.65 0.59
(House value | ARM mortgagors)/(House value | FRM mortgagors) 1.00 0.99
PTI ratio for FRM mortgagors 0.12 0.09
PTI ratio for ARM mortgagors 0.13 0.09
Average MPC 0.10

This table presents the calibration result under the benchmark economy. “Targeted statistics” are matched moments
as a result of the calibration. “Non-targeted statistics” are model-generated moments that are not explicitly targeted
through the calibration. The source of the data is the HFCS (wave 1 – 3).

The model slightly underestimates the average LTV (PTI) ratio for homeowners: 39 percent

(12 percent) in the data and 21 percent (9.3 percent) in the model. Since the loan balance and the

34The source of the data in Table 3 is the wave 1-3 HFCS unless otherwise noted.
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payment burdens are not significant, households in the model do not default on their mortgages,

consistent with the rarity of mortgage foreclosures in Germany (Kaas et al. (2020)).35

Figure I9 in the Appendix shows the distributions of the LTV and PTI ratios both in the model

and the data. Although the model generates a portion of mortgagors with small balances, the

two loan distributions are generally similar between the model and the data. Even though there

is a maximum LTV regulation in Germany, the microdata shows that a non-negligible number

of households hold mortgages with LTV ratios higher than the limit. In the model, appreciation

and depreciation shocks make it possible to generate households whose LTV ratios are higher

than 80% even under the steady state.

According to the tabulation from Almgren et al. (2022), the share of poor and wealthy hand-

to-mouth (HtM) households in Germany are 12.9% and 11.4%, respectively.36 While the model

underestimates these shares (8.5% and 4.6%, respectively), it predicts that the former is greater

than the latter, consistent with the data counterpart.

In our model, households endogenously choose their mortgage types. Thus, we need to ex-

amine the financial characteristics of FRM and ARM mortgagors and compare them with the

data. Both in the model and the data, ARM mortgagors have lower income and financial as-

sets than FRM mortgagors, while the house values of the two groups are the same. The data

show that the PTI ratios of both FRM and ARM mortgagors are almost the same, which is also

consistent with our model results.

Lastly, the model generates an average MPC of 0.10, which is within the range of meta-

analysis results from Havranek and Sokolova (2020). Using the model-generated data, we ex-

amine the heterogeneity of MPC by households’ liquidity positions. Consistent with previous

literature, households that are financially constrained (i.e., low liquid assets, low income, and

HtM households) have a higher MPC (See Appendix E for more details).

35Appendix D presents mortgage price schedules q by state variables. Mortgage bond prices decrease, reflecting
higher risk premiums, as households are more likely to default in the future. In the steady state, no households
make decisions within the range of positive default probability, making defaults an off-equilibrium event.

36Following the benchmark definition of HtM households in Kaplan, Violante, and Weidner (2014), we classify
households as HtM if their financial assets are less than their weekly income. We further distinguish between
wealthy HtM households with positive home equity and poor HtM households with non-positive home equity.
The overall results remain largely unchanged even when we apply modified definitions of HtM households.
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6 Consumption responses to monetary policy shocks

In this section, we examine responses of consumption to both expansionary and contrac-

tionary monetary policy shocks across the share of ARMs and refinancing costs. Using our

benchmark steady-state economy, we present how consumption responds to these monetary

policy shocks and study how the endogenously determined share of ARMs drives results. Sub-

sequently, we assess whether the model-simulated microdata can generate results consistent

with the analysis based on the HFCS counterparts reported in Section 3.

Figure 3: Transition analysis road maps

(a) Experimental calibration (b) Risk-free rate path

Four calibrated steady-
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Panel (a) presents the calibration strategies for four steady-state economies. Economy A represents the benchmark
economy. The other three economies are experimental, differing from the benchmark in terms of the share of ARMs
and fixed refinancing costs. Panel (b) illustrates the paths of the risk-free rate under expansionary and contrac-
tionary (MIT) monetary policy shocks. The black solid (blue dotted) line represents the contractionary (expansion-
ary) shock, where the annual risk-free rate unexpectedly increases (decreases) by 0.5 percentage points, gradually
decreases (increases) over the next four quarters, and then converges to the original level.

Next, we consider three additional experimental steady-state economies that differ in terms

of the share of ARMs and refinancing costs (see panel (a) in Figure 3). In Economy B, we newly

recalibrate the model with costless refinancing (ξRF = 0) while matching the benchmark share

of ARMs.37 In both Economies C and D, households can only access ARMs (referred to as the

”ARM-only economy”). We adjust the cost of using FRMs (ξFRM) to the minimum value that

generates a share of ARMs equal to one.38 In the former, we adjust the fixed refinance cost to
37In this experiment, seven free parameters, excluding the fixed refinance cost ξRF, are calibrated to match seven

targeted moments, except for the refinance rate.
38When the cost of using FRMs is greater than or equal to one, the share of ARMs is naturally 100 percent.
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match the actual German refinance rate, whereas in the latter, the fixed refinancing cost is set to

zero (see Table H9 for the detailed parametrization strategy).39

For each calibrated steady-state economy, we examine the call option-like channel of refinanc-

ing under monetary policy shocks by considering the interaction between the share of ARMs and

refinancing costs. Specifically, by comparing (independently simulated) transition paths under

Economies A and C, we assess how monetary policy shocks differentially impact consumption

based on the ARM share. Next, we analyze the transition paths of Economies B and D, compar-

ing them with the former to examine the role of the refinancing channel. To further elucidate

the role of refinancing, we compare the paths of Economies A and B. Our analysis indicates that

a crucial channel for transmitting expansionary shocks to consumption is the refinancing cost:

low refinancing costs enable households to exercise the refinance option more readily, thereby

amplifying consumption responses.

The timing of our main transition analysis is as follows: At time zero, we initialize the steady-

state economy. In the subsequent period (or quarter), we introduce an unexpected increase

(decrease) of 0.5 percentage points in the annual risk-free rate, which gradually reverts over the

following four periods, capturing the effects of a contractionary (expansionary) MIT monetary

policy shock. Panel (b) in Figure 3 illustrates the paths of the risk-free rate under both monetary

policy shocks. Each market participant perfectly understands and anticipates the future risk-free

rate path upon encountering the shock at time one.

6.1. Consumption responses under the benchmark economy

Consistent with standard macroeconomic evidence, a contractionary monetary policy shock

leads to a decrease in consumption, while an expansionary shock increases consumption (see

panel (a) in Figure 4). The primary channels driving these results are the significant proportion of

borrowing-constrained households, their mortgage borrowing, and housing transactions. When

However, we model this cost as the minimum value that generates a steady-state share of 100 percent, allowing for
changes in the share of ARMs with variations in monetary policy.

39Seven free parameters are endogenously determined in Economy C, and six parameters are determined in
Economy D. In the former, compositional moments between ARM and FRM are not targeted, while the refinance
rate is not additionally targeted in the latter.
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Figure 4: Responses of consumption and the share of ARMs to monetary policy shocks
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These figures present the responses of consumption (panel (a)) and the share of ARMs (panel (b)) to both expan-
sionary and contractionary monetary policy shocks under the benchmark economy. The black line represents the
response to the contractionary shock, and the blue dotted line represents the expansionary shock.

the risk-free rate rises, the cost of mortgage borrowing, including refinancing, increases, and the

interest payment burden for current ARM holders rises accordingly. As a result, homeowners re-

spond by downsizing their housing, repaying debts, and incurring associated transaction costs,

all of which contribute to a decline in house prices and, consequently, consumption (see Figure

I10 in the Appendix). This mechanism reverses under an expansionary shock, which is similar

to the cash-flow channel of monetary policy in Flodén et al. (2021).

Although the absolute deviation of the risk-free rate from the initial level is the same under

both shocks, consumption responses are not exactly symmetric: consumption responds slightly

more to the expansionary shock than to the contractionary shock. The main driving force is

the asymmetric structure in the household decision to refinance, leading to different responses

in the share of ARMs under both shocks (see panel (b) in Figure 4). When there is an increase

in the risk-free rate, households have less incentive to refinance and switch their mortgages to

FRMs (see Figure I10). Financially constrained households that decide to refinance tend to use

ARMs and wait for the risk-free rate to normalize in the near future. Consequently, the share of

ARMs temporarily increases after the shock, but it decreases when the risk-free rate returns to

its normal level.

Conversely, when there is a decrease in the risk-free rate, the share of ARMs persistently
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decreases. Since the expansionary shock is a one-time event in our model and mortgages are

long-term contracts, many households switch their mortgages to FRMs via refinancing and lock

in their mortgage interest rates at a low level. By switching mortgage types or newly taking out

FRMs during shock periods, these households experience a positive persistent income shock and

can significantly increase consumption. However, the corresponding rise in mortgage balances

increases payment burdens, thereby constraining the potential increase in consumption.

Figure 5: Endogenous responses of the share of ARMs to monetary policy shocks
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This figure presents the responses of the share of ARMs to a one standard deviation increase (contractionary, left)
and decrease (expansionary, right) in monetary policy shocks, respectively. The response variable SARM is mea-
sured as the ratio of the amount of newly issued ARMs to the total amount of new mortgages from the ECB. The
solid (dashed) lines represent 68% (90%) confidence intervals.

Consistent with the model results, macro-level data also reveals that the share of ARMs en-

dogenously responds to both contractionary and expansionary monetary policy shocks. Fol-

lowing the state-dependent LP model proposed in Section 3, the quarterly share increases (de-

creases) in response to contractionary (expansionary) shocks (refer to Figure 5).40 Moreover,

the expansionary shock exhibits prolonged impacts on the share of ARMs, consistent with the

model prediction that the share of ARMs tends to be more persistently affected by the expan-

40The share of adjustable-rate mortgages (ARMs) is defined as the newly issued balances of ARMs divided by
the newly issued total mortgage balance, measured quarterly. The state-dependent LP model is given by
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4
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(
βP

j,hεt−j + γP
j,hmacroit−j

)
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4
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)
+

4

∑
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A different model structure that includes the country fixed effect does not alter the results (see Figure I11 in the
Appendix).
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sionary shock than by the contractionary shock.

Under a contractionary shock, the mortgage default premium for new home buyers, defined

as the difference between the mortgage interest rate induced by the bond price (1/q − 1) and

the current risk-free rate, increases. This increase reflects potential deterioration in their bal-

ance sheet conditions (see Figure I12 in the Appendix). Meanwhile, the premium for new home

buyers remains largely unchanged under an expansionary shock. This stability results from the

balancing of two opposing forces. First, a (long-term fixed) low-interest payment burden can

mitigate the default probability. Second, low-income and low-asset renters choose to become

homeowners to capitalize on the low market interest rate, thereby increasing the default pre-

mium. Given the compositional changes in homeowners following the expansionary shock, an

increase in consumption only through the refinancing channel is not necessarily evident.

In Figure I13 in the Appendix, we investigate the impact of changes in house prices on our

consumption responses. Specifically, we examine scenarios in which house prices (ph) remain

unchanged even after monetary shocks. In this exercise, we adjust the mortgage origination

cost ξ over time to maintain a constant house price.41 The absolute volatility of consumption

responses is mitigated under both shocks. This mitigation is influenced by two factors: the

origination cost and the house value. An increase (decrease) in the house value, relative to the

benchmark, encourages (discourages) households to consume more, while an increase (decrease)

in the origination cost decreases (increases) consumption.42.

6.2. Model-generated micro analysis of consumption responses

We investigate whether the model-simulated microdata can generate heterogeneous responses

of consumption to monetary policy shocks by mortgage types and refinance decisions, consistent

with the analysis based on HFCS counterparts. In our simulation, since every market participant

realizes the monetary policy shocks at time 1 (or 1Q), we generate balanced panel data between

time 0 and time 1. Following the same empirical model structure, we regress the logarithmic

41The unit house price p is determined to clear the owner-occupied housing market.
42In Appendix F, we explore the role of mortgage contract terms (η) in the responses of consumption to both

monetary policy shocks. We also examine how the recourse and non-recourse mortgage structures impact our
results in Appendix G
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changes in consumption on the variable Mortgage structure. This variable is defined in two ways:

(1) an indicator function that equals one if the household has ARMs and zero if it has FRMs at

time 0 (denoted as “I{ARM}”) and (2) an indicator function that equals one if the household

refinances between time 0 and time 1 and zero if it maintains the mortgage contract (denoted as

“I{re f i}”). To ensure consistency with the data counterpart, we include the following control

variables: logarithmic differences in house value, income, and mortgage balances.

Table 4: Model-generated consumption responses by mortgage types and refinancing decisions

Contractionary shock Expansionary shock
I{ARM} -0.035*** -0.012***

(0.001) (0.001)
I{re f i} 0.135*** 0.164***

(0.003) (0.003)
This table presents the model-generated response of consumption to contractionary and expansionary monetary
policy shocks. For each shock scenario, we generate a balanced panel between time 0 and 1 (or 1Q). We regress the
logarithmic difference in consumption on an indicator function for having ARMs at time 0 (the first panel) and on
refinancing mortgages between time periods (the second panel), along with control variables. Standard errors are
reported in parentheses. *** p-value < 0.01; ** p-value < 0.05; * p-value < 0.1.

Table 4 presents coefficients on the variable Mortgage structure for each monetary policy

shock. As reported in the first panel, ARM mortgagors experience a greater decrease in con-

sumption than FRM mortgagors under the contractionary shock, consistent with our macro data

evidence. Under the expansionary shock, however, average consumption for FRM mortgagors

increases consumption slightly more than ARM mortgagors, although the coefficient is smaller

than under the contractionary shock. This result suggests that a high share of ARMs does not

necessarily lead to amplified consumption responses to expansionary monetary policy shocks.

In the second panel, refinancing emerges as the primary channel transmitting monetary pol-

icy shocks, especially expansionary ones, to consumption. Households that refinance can adjust

their mortgage contract terms favorably, capitalizing on the current monetary policy stance to

increase consumption. While the refinancing channel in stimulating consumption is stronger

under the expansionary shock, in our simulation, refinancing enables households to alleviate

liquidity constraints and increase consumption, even under the contractionary shock (Chen et

al. (2020)).
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Figure 6: Responses of consumption under the benchmark and the ARM-only economies
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This figure illustrates consumption responses to both contractionary (panel (a)) and expansionary (panel (b)) mon-
etary policy shocks. The black solid line represents the benchmark, while the blue dotted line corresponds to the
ARM-only economy.

6.3. Consumption responses across the share of ARMs under varying

refinancing costs

We consider an experiment economy where ARMs are the only available mortgage option

(Economy C in Panel (a) of Figure 3). To investigate this scenario, we recalibrate parameters

to match seven key moments. Given the initial steady-state ARM-only economy, we model

every market participant unexpectedly encountering either an expansionary or a contractionary

monetary policy shock, as illustrated in Panel (b) of Figure 3. For each shock, we compare

the benchmark transition outlined in the previous subsection with the counterfactual transition,

aiming to examine asymmetric responses in consumption across the share of ARMs.

Unlike our empirical evidence, consumption responds more when the share of ARMs in-

creases (Figure 6). In line with the arguments presented in Calza et al. (2013), Garriga et al.

(2017), and Flodén et al. (2021), the unexpected increase (decrease) in the risk-free rate raises

(decreases) the payment burden for ARM mortgagors, negatively (positively) impacting their

balance sheets and leading to a reduction (increase) in consumption. This monetary policy

transmission channel is more pronounced in the experimental transition, resulting in greater

amplification in consumption compared to the benchmark.
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Figure 7: Responses of consumption under costless refinancing economies

(a) Contractionary shock (b) Expansionary shock
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This figure illustrates consumption responses under two experimental costless refinancing economies to both con-
tractionary (panel (a)) and expansionary (panel (b)) monetary policy shocks. The initial steady state represented by
the black solid line corresponds to the economy where the share of ARMs is matched to the benchmark, while the
blue dotted line represents the ARM-only economy.

Furthermore, households in the ARM-only economy tend to downsize their homes more

during contractionary shocks to alleviate direct budget constraints, resulting in a significant de-

cline in mortgage balances. Decumulating debt, coupled with transaction costs associated with

downsizing, can also negatively affect consumption. Conversely, an expansionary shock offers

immediate but temporary relief to mortgagors’ budget constraints in the experimental economy.

Consequently, households are less likely to opt for larger homes and are more inclined to imme-

diately increase consumption due to their reduced interest costs (see Figure I14 in Appendix).

How can we reconcile the differences in consumption responses across the share of ARMs

between the data and the model? The empirical evidence supports that the cost of refinancing

is the key parameter determining asymmetric responses. To investigate this, we consider two

experimental economies where the fixed refinancing cost is zero (ξRF = 0) but differ in the

share of ARMs. In one economy, the cost of using FRMs is set to match the benchmark share

of ARMs (Economy B in Panel (a) of Figure 3). In the other economy, we set this cost to the

minimum value that generates a 100 percent share of ARMs (Economy D). We recalibrate the

remaining parameters to match the target moments of the benchmark and examine the responses

of consumption to both types of monetary policy shocks.
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When refinancing costs decrease, consumption responses depending on the share of ARMs

become asymmetric between monetary tightening and easing: in an ARM-only economy, con-

sumption decreases more under a contractionary shock, whereas responses to an expansionary

shock are similar across different ARM shares (see Figure 7). This is primarily due to the call

option-like structure of the refinancing channel that enables a compositional shift in mortgage

types within Economy B, where lower refinancing costs enable a switch to FRMs, thereby main-

taining low mortgage rates, facilitating additional loans, and boosting consumption. (see Figure

I15 in the Appendix). Although mortgagors in the ARM-only economy can also immediately

benefit from low mortgage interest rates after the shock, fixing their rates at a low level incurs

significant costs. Consequently, these mortgagors experience only temporary positive income

shocks, while mortgagors in Economy B can enjoy persistent balance sheet improvements. Thus,

an increased ARM share alone does not guarantee an amplified consumption response to an ex-

pansionary shock; rather, the critical channel is the cost of exercising the refinancing option.

To further investigate the importance of the refinancing channel, we compare the benchmark

response in consumption to the expansionary shock with experimental economies where the

fixed refinancing cost is either costless or prohibitively high.43 As shown in Figure I16 in the

Appendix, consumption responds more as the refinancing cost decreases. The key mechanism

for this result is the ease of switching current mortgages into new FRMs, which locks in mort-

gage interest rates at a low level. In other words, when the option cost of refinancing increases,

households cannot capitalize on lowering their mortgage interest rates or cashing out larger

mortgages through refinancing. Consequently, their ability to increase consumption is limited.

Additionally, the response of the ARM share is attenuated as the cost of refinancing increases.

43We consider two experimental steady-state economies where ARM shares are both 16 percent but differ in
the refinancing cost. In the costless refinancing economy, we set the fixed refinance cost to zero (Economy B). In
the other economy, we eliminate the option for mortgage refinancing (the so-called “no refi” economy). For each
scenario, we recalibrate the steady-state economy to match seven free parameters, except for the refinancing rate.
Table H9 in the Appendix reports calibrated parameters.

42



7 Conclusion

In this paper, we have investigated how mortgage refinancing, which is akin to the call op-

tion structure, characterizes consumption responses to monetary policy shocks. Our focus on

refinancing costs is motivated by the asymmetric role of the share of ARMs between mone-

tary contractions and expansions. On the one hand, consumption in an economy dominated by

ARMs is more responsive to contractionary monetary policy shocks compared to an economy

with predominantly FRMs, consistent with prior literature. On the other hand, during an ex-

pansionary shock, both macro- and micro-level evidence indicate no substantial differences in

consumption based on the share of ARMs: a novel finding in the literature.

We find that mortgage refinancing is the primary channel for asymmetric consumption re-

sponses to monetary policy shocks. Given the difficulty in directly measuring refinancing costs

due to implicit frictions, we calibrate these costs and explore the mechanism through a quan-

titative exercise. Even if most mortgagors hold FRMs, they can refinance their loans under

an expansionary shock, switch to new FRMs with locked-in lower interest rates, and thereby

achieve persistent improvements in their balance sheet condition. This process amplifies con-

sumption responses more than in an economy where most mortgages are ARMs. However, this

mechanism becomes ineffective when refinancing costs are high.

The proposed mechanism of asymmetric mortgage refinancing as a transmission channel of

monetary policy goes beyond the well-known channel of adjustable vs. fixed-rate mortgages.

However, we acknowledge that refinancing may not be the sole channel explaining asymmet-

ric consumption response phenomena. As mentioned in Corsetti et al. (2022) and Almgren et

al. (2022), factors such as financial constraints and literacy, labor market conditions, financial de-

velopment and integration, housing market conditions, country-specific banking characteristics,

and cultural influences could contribute to explaining asymmetric consumption responses and

impact the monetary policy transmission channel. Exploring these financial, institutional, and

behavioral factors influencing consumption dynamics would be an intriguing avenue for further

research.
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Angrist, J. D., Jordà, Ò., & Kuersteiner, G. M. (2018). Semiparametric estimates of monetary
policy effects: String theory revisited. Journal of Business & Economic Statistics, 36(3), 371–
387.

Badarinza, C., Campbell, J. Y., & Ramadorai, T. (2018). What calls to ARMs? international
evidence on interest rates and the choice of adjustable-rate mortgages. Management Science,
64(5), 2275-2288.

Barnichon, R., & Matthes, C. (2018). Functional approximation of impulse responses. Journal of
Monetary Economics, 99, 41–55.

Bartlett, R., Morse, A., Stanton, R., & Wallace, N. (2022). Consumer-lending discrimination in
the fintech era. Journal of Financial Economics, 143(1), 30–56.

Bayer, C., & Juessen, F. (2012). The life-cycle and the business-cycle of wage risk — cross-country
comparisons. Economics Letters, 117(3), 831-833.

Beraja, M., Fuster, A., Hurst, E., & Vavra, J. (2019). Regional heterogeneity and the refinancing
channel of monetary policy. Quarterly Journal of Economics, 134(1), 109–183.

Berger, D., Milbradt, K., Tourre, F., & Vavra, J. (2021, September). Mortgage prepayment and
path-dependent effects of monetary policy. American Economic Review, 111(9), 2829-78.

Berger, D., Milbradt, K., Tourre, F., & Vavra, J. (2023). Refinancing frictions, mortgage pricing
and redistribution. Working Paper.

Buchak, G., Chau, V., & Jørring, A. (2023). Integrated intermediation and fintech market power.
Available at SSRN 4552425.

Byrne, S., Devine, K., King, M., McCarthy, Y., & Palmer, C. (2023, March). The last mile of mon-
etary policy: Inattention, reminders, and the refinancing channel (Working Paper No. 31043).
National Bureau of Economic Research.
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Jordà, Ò., Schularick, M., & Taylor, A. M. (2020). The effects of quasi-random monetary experi-
ments. Journal of Monetary Economics, 112, 22–40.

Kaas, L., Kocharkov, G., Preugschat, E., & Siassi, N. (2020, 04). Low Homeownership in Ger-
many—a Quantitative Exploration. Journal of the European Economic Association, 19(1), 128-
164.

Kaplan, G., Mitman, K., & Violante, G. L. (2020). The Housing Boom and Bust: Model Meets
Evidence. Journal of Political Economy, 128(9), 3285-3345.

Kaplan, G., Violante, G. L., & Weidner, J. (2014). The wealthy hand-to-mouth. Brookings Papers
on Economic Activity, Spring, 77-138.

Kerssenfischer, M. (2022). Information effects of euro area monetary policy. Economics Letters,
216(C), S0165176522001653.

Keys, B. J., Pope, D. G., & Pope, J. C. (2016). Failure to refinance. Journal of Financial Economics,
122(3), 482–499.

46



Kim, J. (2020). How unsecured credit policies influence mortgage and unsecured loan defaults.
Journal of Money, Credit and Banking, 52(5), 1271-1304.

Koijen, R. S., Hemert, O. V., & Nieuwerburgh, S. V. (2009). Mortgage timing. Journal of Financial
Economics, 93(2), 292-324.

Lim, T. (2018). Housing as collateral, financial constraints, and small businesses. Review of
Economic Dynamics, 30, 68-85.

Mitman, K. (2016). Macroeconomic effects of bankruptcy and foreclosure policies. American
Economic Review, 106(8), 2219–55.

Moench, E., Vickery, J., & Aragon, D. (2010). Why is the market share of adjustablerate mortgages
so low? Current Issues in Economics and Finance, 16(8).

Pennington-Cross, A. (2006). The value of foreclosed property. Journal of Real Estate Research,
28(2), 193–214.

Pica, S. (2021). Housing markets and the heterogeneous effects of monetary policy across the
euro area. Available at SSRN 4060424.

Ramey, V. A., & Zubairy, S. (2018). Government spending multipliers in good times and in bad:
Evidence from us historical data. Journal of Political Economy, 126(2), 850-901.

Rubio, M. (2011). Fixed- and variable-rate mortgages, business cycles, and monetary policy.
Journal of Money, Credit and Banking, 43(4), 657-688.

Storesletten, K., Telmer, C. I., & Yaron, A. (2004). Consumption and risk sharing over the life
cycle. Journal of Monetary Economics, 51(3), 609–633.

Tauchen, G. (1986). Finite state Markov-chain approximations to univariate and vector autore-
gressions. Economics Letters, 20(2), 177–181.

Tenreyro, S., & Thwaites, G. (2016). Pushing on a string: Us monetary policy is less powerful in
recessions. American Economic Journal: Macroeconomics, 8(4), 43–74.

Weise, C. L. (1999). The asymmetric effects of monetary policy: A nonlinear vector autoregres-
sion approach. Journal of Money, Credit and Banking, 85–108.

Wong, A. (2021). Refinancing and the transmission of monetary policy to consumption. mimeo.
Zhang, D. (2024). Closing costs, refinancing, and inefficiencies in the mortgage market. Working

Paper.

47



Online Appendix (not for publication)

A Optimal problems

This section presents households’ and mortgage lenders’ optimal problems in a detailed man-

ner.

A.1. Households’ problems

There are two types of households at the beginning of each period: renters and homeowners.

We introduce how each household makes its optimal decisions.

• Renters’ problems

A renter decides whether to stay in a rental house (VRR) or to buy an owner-occupied house

(VRH).

VR (a, e, b) = max {VRR (a, e, b) , VRH (a, e, b)}

If the renter decides to stay in a rental house, she solves the following problem:

VRR (a, e, b) = max
c≥0,a′≥0

u (c, hS, 0) + βEVR
(
a′, e′, b′

)
s.t.

c +
a′

1 + r + b
+ zhS = a + e

Renters stay in a small-sized home hS and pay the periodic rent zhS. Renters cannot borrow but

can save financial assets a′ with the current interest rate r + b where r is the risk-free rate and b

is the idiosyncratic interest rate shock.
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Renters who decide to buy an owner-occupied house solve the following problem:

VRH (a, e, b) = max
c≥0,a′≥0,h′∈{hS,hL},

m′≥0, k′∈{FRM,ARM}

u
(
c, h′, 1

)

+βE

 (
Ih′=hS (1 − δ+) + Ih′=hL δ−

)
VH (a′, e′, b′, hS, m′, k′, i′)

+
(

Ih′=hS δ+ + Ih′=hL (1 − δ−)
)

VH (a′, e′, b′, hL, m′, k′, i′)


s.t.

c +
a′

1 + r + b
+ (1 + χB) ph′

= a + e + (1 − ξ − ξk) q
(
a′, e, b, h′, m′, k′, i

)
m′

q
(
a′, e, b, h′, m′, k′, i

)
m′ ≤ µph′

i = i′ = r + b + θFRM if k′ = FRM

i = r + b + θARM and i′ = r′ + b′ + θARM if k′ = ARM

When the renter purchases a house, she chooses the saving a′, the size of the house h′, takes

out the mortgage m′, and the mortgage type k′. The transaction cost for buying a house is the

fraction χB of the house value. The purchaser can take out the mortgage in the amount of q(·)m′

with the LTV limit µ. The mortgage origination cost is the fraction ξ of the loan balance. If the

household chooses the FRM (k′ = FRM), the mortgage interest rate is fixed until the end of the

contract, which is the sum of the risk-free rate r, the initial idiosyncratic interest rate shock b,

and the FRM margin θFRM. If it uses the ARM (k′ = ARM), the mortgage interest rate is subject

to change depending on the realization of interest rate shocks. The initial interest rate for ARM

is the sum of the current risk-free rate r, the current idiosyncratic interest rate shock b, and the

ARM margin θARM. In the next period, if the risk-free rate becomes r′ and the idiosyncratic

interest rate shock is b′, its interest rate becomes r′ + b′ + θARM. The origination cost of using

either FRMs or ARMs is ξk, which is calibrated to match the share of ARMs in the data. Prices

for the mortgage q(·), which reflects household default risk, will be specified in the mortgage

lender’s problem.

At the start of the next period, the appreciation and the depreciation shocks are realized. If
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the home buyer chooses a small-sized (large-sized) home and does not receive the appreciation

(depreciation) shock, its home size will be also small (large) in the next period. However, if the

small-sized (large-sized) homeowner receives the appreciation (depreciation) shock, her house

size will be large (small).

In the next period, the value function VH is defined as follows:

VH (a, e, b, h, m, k, i) = max {VHP, VHR, VHS, VD}

where each value function represents homeowners’ available options: repaying loans as con-

tracted (VHP), refinancing loans (VHR), selling the house (VHS), and defaulting on loans (VD).

• Homeowners’ problems

If the homeowner repays the mortgage as contracted, she solves the following problem:

VHP (a, e, b, h, m, k, i) = max
c≥0,a′≥0

u (c, h, 1)

+βE

 (
Ih=hS (1 − δ+) + Ih=hL δ−

)
VH (a′, e′, b′, hS, ηm, k, i′)

+
(

Ih=hS δ+ + Ih=hL (1 − δ−)
)

VH (a′, e′, b′, hL, ηm, k, i′)


s.t.

c +
a′

1 + r + b
+

m (1 − η + i)
1 + i

= a + e

i′ = i if k = FRM

i′ = r′ + b′ + θARM if k = ARM

The household repays the principal (the fraction 1 − η) and the interest (the rate i) of the mort-

gage m. Then, the mortgage balance reduces to ηm in the next period.44 The next period’s mort-

gage interest rate does not change if the mortgage is FRM (k = FRM). However, the mortgage

interest rate for ARMs changes depending on the realization of interest rates.

44The household currently owes a balance m and starts repaying the loan from the current period. To take into
account the consistent timing for present values of repayments, the additional term 1 + i must be divided.
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When the household decides to refinance loans, its problem is defined as follows:

VHR (a, e, b, h, m) = max
c≥0,a′≥0,h′∈{hS,hL},

m′≥0, k′∈{FRM,ARM}

u
(
c, h′, 1

)

+βE

 (
Ih′=hS (1 − δ+) + Ih′=hL δ−

)
VH (a′, e′, b′, hS, m′, k′, i′)

+
(

Ih′=hS δ+ + Ih′=hL (1 − δ−)
)

VH (a′, e′, b′, hL, m′, k′, i′)


s.t.

c +
a′

1 + r + b
+ (1 + ξR)m + ξRF + Ih ̸=h′

(
− (1 − χS) ph + (1 + χB) ph′

)
= a + e + (1 − ξ − ξk) q

(
a′, e, b, h′, m′, k′, i

)
m′

q
(
a′, e, b, h′, m′, k′, i

)
m′ ≤ µph′

i = i′ = r + b + θFRM if k′ = FRM

i = r + b + θARM and i′ = r′ + b′ + θARM if k′ = ARM

Once the household refinances, it repays the remaining loans, borrows again with the new con-

tract term subject to the LTV limit, and pays the refinance fees. The refinancing cost is the fraction

ξR of the remaining loan balance. At the same time, the fixed refinancing cost ξRF incurs. The

household that refinances is also eligible to switch the size of the house and the mortgage type.

It then has to pay the transaction cost from selling the old house (χS) and buying the new one

(χB) and the mortgage type-specific origination cost (ξk).

The homeowner who sells her house solves the following problem:

VHS (a, e, b, h, m) = max
c≥0,a′≥0

u (c, hS, 0) + βEVR
(
a′, e′, b′

)
s.t.

c +
a′

1 + r + b
+ m + zhS = a + e + (1 − χS) ph

Once the household sells the house, it receives the value of the house net the transaction cost and

moves into a rental house. In addition, the household pays the remaining mortgage balance m.

Since the household voluntarily sells the house, it is eligible to buy a new one in the next period.
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When the household defaults on its (recourse) mortgage, it solves the following problem:

VD (a, e, b, h, m) = max
c≥0,a′≥0

u (c, hS, 0) + βE

 (γ + (1 − γ) Im′=0)VR (a′, e′, b′)

+ (1 − γ) Im′>0VD (a′, e′, b′, h′ = 0, m′)


s.t.

c +
a′

1 + r + b
+ zhS + xD = a + e

xD = max {0, min {m − (1 − χD) ph, κ (a + e)}}

m′ = (1 + r)max {m − (1 − χD) ph − xD, 0}

Since the mortgage is recourse, the defaulting household loses its homeownership and compen-

sates the mortgage lender’s losses through its income and financial assets. After foreclosing the

house, the lender can recover (1 − χD)ph where χD is the foreclosure cost. Since the defaulted

mortgage balance is m, the lender incurs losses in the amount m − (1 − χD)ph.45 The household

must compensate the lender’s entire losses or the fraction κ of its income and financial assets,

whichever is smaller. If the household repays the latter, there still is the unrecovered mortgage

balance m − (1 − χD)ph − xD. Then, its balance is rolled over with the risk-free interest rate and

becomes a new balance in the next period.

In the next period, if the lender’s unrecovered losses become zero, the household is eligible

to buy a new house by taking out mortgages. Also, we model that the bad credit record of

defaulting households is erased with a probability of γ. Without credit recovery, the defaulting

household cannot access the mortgage market and buy an owner-occupied house.

A.2. Mortgage lenders’ problems

Under the perfect competition, mortgage lenders’ profits must be zero. Also, let us assume

that there is no asymmetric information among market participants. If mortgage lenders are risk

45The lender’s loss m − (1 − χD)ph cannot be a negative value. Since the foreclosure cost ξD is larger than
the transaction cost for selling the house ξS, selling the house is a better option than defaulting on mortgages if
m − (1 − χD)ph is a non-positive number.
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neutral, the mortgage price function q(·) can be defined as follows:

q
(
a′, e, b, h′, m′, k′, i

)
m′

=
1

1 + i
E



(
Ih′=hS (1 − δ+) + Ih′=hL δ−

)


IhS
Pay

 m′ 1−η+i′
1+i′

+q
(

a′′VHP
, e′, b′, hS, ηm′, k′, i′

)
ηm′


+

(
IhS
Re f i + IhS

Sell

)
m′

+IhS
De f

 min
{

m′, (1 − χD) p′hS + x′D,hS

}
+q̃

(
a′′VD

, e′, b′, m′′
VD,hS

)
m′′

VD,hS





+
(

Ih′=hS δ+ + Ih′=hL (1 − δ−)
)


IhL
Pay

 m′ 1−η+i′
1+i′

+q
(

a′′VHP
, e′, b′, hL, ηm′, k′, i′

)
ηm′


+

(
IhL
Re f i + IhL

Sell

)
m′

+IhL
De f

 min
{

m′, (1 − χD) p′hL + x′D,hL

}
+q̃

(
a′′VD

, e′, b′, m′′
VD,hL

)
m′′

VD,hL






The home buyer takes out the mortgage in the amount of q(·)m′ as presented on the left-hand

side. The mortgage lender discounts the future cash inflow at the current mortgage interest rate

i. If the household takes out the FRM, the lender’s discounting interest rate is fixed until the

termination of the contract. However, if it chooses the ARM, the discounting rate is subject to

change as follows: i′ = r′ + b′ + θARM.

After the loan contract, the lender’s cash inflow is determined by the realization of the house-

hold’s idiosyncratic shocks and its discrete choices. After facing the appreciation and the depre-

ciation shocks at the start of the next period, each homeowner’s house size is determined. Let

I
hj
Pay be an indicator function that takes a value of one if the household’s optimal decision is the

repayment conditional on the house size of hj, where j ∈ {S, L}, and zero otherwise.46 Once the

household repays the loan, the lender recovers the periodic payment m′(1 − η + i′)/(1 + i′). In

addition, the lender can expect to recover the future cash inflow q(·)ηm′ where a′′VHP
is the saving

policy for the loan payer. The mortgage balance becomes ηm′.

46The indicator function is one if max{VHP(·, hj), VHR(·, hj), VHS(·, hj), VD(·, hj)} = VHP(·, hj) and zero other-
wise.
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The household can sell the house or refinance the loan depending on the realization of shocks.

Let I
hj
Sell and I

hj
Re f i be indicator functions each equal to one if the household sells the house and

refinance mortgages, respectively, and zero otherwise.47 If the household either sells the house or

refinances loans, the lender recovers the remaining loan balance m′ and the contract terminates.

When the household defaults on the mortgage, the foreclosure process initiates. Let I
hj
De f be

an indicator function equal to one if the household defaults and zero otherwise.48 Conditional

on defaults, the lender can immediately recover either the mortgage balance or the sum of the

house value net of the foreclosure cost and the garnishment from the defaulted household’s

income and financial assets, whichever is smaller. Here, the garnished amount is given by x′D,hi

= max {0, min{m′ − (1 − χD) p′hi, κ (a′ + e′)}}. In the next period, the defaulted household

still owes the rolled-over balance m′′
VD,hi

, which is given by (1 + r′)max{m′ − (1 − χD) p′hi −

x′D,hi
, 0}. Because of the feature of the recourse mortgage, the defaulted mortgage contract will be

terminated if either the household fully compensates the lender’s losses or the bad credit record

is recovered. Thus, the future cash stream generated by the defaulted household is q̃(·)m′′
VD,hL

where q̃ is defined as follows:

q̃
(
a′, e, b, m′) m′

=
(1 − γ) Im′>0

1 + r
E
[
min

{
m′, x′D

}
+ q̃

(
a′′VD

, e′, b′, m′′
VD

)
m′′

VD

]
where x′D (= max{0, min{m′, κ (a′ + e′)}}) is the garnishment from the defaulted household’s

future income and financial assets and m′′
VD

(= (1 + r′)max {m′ − x′D, 0}) is the remaining rolled-

over balances.

Note that the mortgage market is competitive and thus lenders’ profits are zero. Therefore,

for each state variable, mortgage prices can be pinned down.

47The indicator function I
hj
Sell is one if max{VHP(·, hj), VHR(·, hj), VHS(·, hj), VD(·, hj)} = VHS(·, hj) and zero oth-

erwise. The indicator function I
hj
Re f i is one if max{VHP(·, hj), VHR(·, hj), VHS(·, hj), VD(·, hj)} = VHR(·, hj) and zero

otherwise.
48The indicator function I

hj
De f is one if max{VHP(·, hj), VHR(·, hj), VHS(·, hj), VD(·, hj)} = VD(·, hj) and zero oth-

erwise.
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B Computation algorithm

Households’ value and policy functions and mortgage price functions are solved over prede-

termined grid points. The number of grid points for a is 80, for e is 9 (which includes both three

grid points for the persistent component and three for the transitory component of the income

process), for b is 3, for h is 2, for m is 46, for k is 2, and for i is 5. The grid points for a and m

are polynomially constructed where grids are finer at the lower bound.49 When solving the de-

cision rules for a′, we allow searching and choosing off-the-grid points whose number of grids

is 159. For notational simplicity, let a(x) be the x-th grid point for a. The n-th grid point for a′ is

a((n + 1)/2) if n is an odd number and is (a(n/2) + a(n/2 + 1))/2 if n is an even number.

B.1. Algorithm for computing the steady state

1. Guess the scaling parameter for investment ψ1 (or, equivalently, the unit house price p).

For each state variable, guess the initial mortgage price schedules q0.

2. Given prices, solve households’ optimization problems via the value function iteration. If

optimal choices are off-the-grid points, use linear interpolation.

3. Given households’ value and policy functions and the unit house price, solve mortgage

price schedules q1.

4. If the inequality ∥q1 − q0∥ < ε holds for each state variable, move to the next step. Other-

wise, update mortgage price schedules q0 and go back to step 2.

5. Given the converged value functions, policy functions, and price functions, check whether

the owner-occupied housing market clears. Since the housing stock is invariant under the

steady state, the housing market clearing condition is given by δH = H+stocks − H−stocks +

IRI . If the housing market clears, calculate the invariant distribution. Otherwise, update

the scaling parameter ψ1 (or, the unit house price p) and go back to step 1.
49We initially set the lower and the upper bounds. For example, let a be the upper bound and a be the lower

bound of financial assets. Then, the x-th grid point of a is determined by a(x) = a + (a − a)((x − 1)/79)z, where
x = {1, 2, 3, ..., 80}. Following Gete and Zecchetto (2024), we chose the vale z as 2.5.
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B.2. Algorithm for computing the transition

1. Save the initial households’ value and policy functions, mortgage price schedules, the unit

house price, and the invariant distribution calculated in the stage of the steady-state econ-

omy. Since monetary policy shocks are not permanent, the initial economy is the same as

the terminal economy. In calculating the transition, we assume that the economy converges

to the new economy within 35 periods.50

2. Given the exogenous change in risk-free rates, guess the unit house price path.

3. Solve value, policy, and mortgage price functions in a backward manner.

4. Solve the distribution in a forward manner and check whether the owner-occupied hous-

ing market clears as follows: H′ = (1 − δ) H + H+stocks − H−stocks + IRI . If the market is

cleared, terminate the computation. Otherwise, update the unit house price path and move

to step 3.

C Empirical motivation for idiosyncratic interest rate shocks

In this section, we provide empirical justification for introducing idiosyncratic interest rate

shocks. The HFCS includes survey questions about interest rates for residential mortgages and

non-collateralized loans. After appending data from the first to the fourth wave of the HFCS,

we regress the (log) borrowing interest rates on households’ financial and non-financial charac-

teristics as follows:

ln(ri,j,t) = βXi,j,t + Ij + It + εi,j,t,

where i represents the household, j the country, and t the survey wave. When the mortgage

interest rate is the dependent variable, we include the following control variables: (log) home

value, (log) financial assets, (log) income, (log) mortgage balance, the share of ARMs, the initial

mortgage contract length, mortgage age (or time elapsed after the contract), a history of credit

50Since the number of total state variables is so large, we cannot increase the transition periods. When we
increase it, the Fortran pops up an error message.
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Figure C1: Distribution of interest rate residuals in mortgages and non-collateralized loans
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This figure presents distribution of interest rate residual εi,j,t. Panel (a) is the distribution for the mortgage interest
rate and panel (b) is that for non-collateralized loans.

refusals, age and age squared, and an education dummy.51 Indicator functions Ij and It represent

country and time fixed effects, respectively. Similarly, we examine the interest rates for non-

collateralized loans.52

Even after controlling for several household-specific characteristics, our results indicate that

the R2 is 0.43 for mortgage interest rates and 0.32 for non-collateralized loans.53 Consistent with

these findings, Figure C1 illustrates the distribution of residuals for each estimation. This pro-

vides evidence that there are significant differences in the interest rates faced by each household,

thereby justifying the inclusion of the idiosyncratic interest rate shock b in our model.

D Mortgage price schedules

This section presents mortgage price schedules under the benchmark steady state. Mortgage

lenders observe households’ optimal decisions — repayment, refinance, selling, or default —

and offer loan prices that satisfy the zero-profit condition. If they anticipate incurring losses by

contracting with a certain type of household, they charge low loan prices, reflecting high default

51In cases where a household holds multiple mortgages, we select the mortgage interest rate associated with the
highest balance.

52In instances where a household holds multiple non-collateralized loans, we choose the interest rate associated
with the highest balance. The list of control variables includes (log) real asset values, (log) financial assets, (log)
income, (log) balance of non-collateralized loans, contract length, a history of credit refusals, age and age squared,
and education dummies.

53The HFCS features multiple imputation, which expands the number of observations in the full dataset to five
times the actual number of respondents. Here, we calculate R2 for each implicate and then average them.
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Figure D2: Mortgage price schedules
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This figure presents benchmark mortgage price schedules q (a, e, b, h, m, k, i) under different combinations of state
variables. The x-axis is the mortgage balance m grid points. The black solid line is the schedule with the population
averages of a and m, the medians of e, b, and i, the small house size hS, and the FRM k = FRM. Panel (a): The asset
a is twice the average (blue-dotted line). Panel (b): The income e is either the lowest (blue-dotted line) or the highest
(red-dashed) among nine idiosyncratic income grid points. Panel (c): The house size h is hL (blue-dotted line).
Panel (d): The mortgage type k is ARM (blue-dotted line). Panel (e): The mortgage interest rate i is either the lowest
(blue-dotted line) or the highest (red-dashed line) among five interest rate grid points. Panel (f): The idiosyncratic
interest rate shock b is either the lowest (blue-dotted line) or the highest (red-dashed line) among three grid points.

Figure D2 presents mortgage price schedules under different state variables. An increase in

the mortgage balance m raises households’ default probability, leading to a decrease in the price.

As households hold more financial assets a, the mortgage price increases, reflecting a decrease

in default probability (panel (a)). Given the highly persistent income process e, households in

high (low) income states are less (more) likely to default on their loans, resulting in an increase

(decrease) in the mortgage bond price (panel (b)). Households residing in large-sized homes

can better share income risk through cash-out refinancing, enjoy higher utility, and are thus less

likely to default on mortgages (panel (c)). When households take out a large amount of ARMs,

they are more susceptible to changes in the idiosyncratic interest rate shock compared to FRM
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mortgagors. Consequently, the mortgage price for ARMs is lower than that for FRMs within the

(limited) range of mortgage grid points (panel (d)). An increase in the mortgage interest rate i

results in a higher discount on future cash inflow, leading to a decrease in the bond price (panel

(e)). Under the FRM, the realization of the idiosyncratic interest rate shock cannot affect default

probabilities. Consequently, FRM mortgage price schedules remain the same across different

values of b.

E Analysis of MPC

This section examines the heterogeneity of the model-generated MPC based on household

financial statuses. Specifically, we regress the MPC on households’ financial characteristics to

investigate whether liquidity constraints increase the MPC. Instead of regressing the MPC on

every state variable, we define a set of liquidity-related independent variables.

“Cash on hand” is defined as the total assets available before making consumption and sav-

ing decisions. “Liquid asset” refers to the financial asset minus transaction, origination, and

refinancing costs, as well as mortgage payments. “Home equity” is calculated as the difference

between the house value and the mortgage balance. For renters, home equity is set to zero.

As reported in Table E1, households with low liquidity tend to have higher MPC. Since home-

owners can access liquidity through their home equity, their MPC is lower than that of renters.

Additionally, households with low income are more likely to have higher MPC.

When we include indicator functions for WHtM and PHtM households, the (absolute) co-

efficients for liquidity-related variables decrease, and the model’s explanatory power increases.

Furthermore, our model-generated data show that the average MPC for WHtM households is

higher than for PHtM households. Although WHtM households have the option to cash out

funds through refinancing, this incurs significant costs.
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Table E1: Analysis of MPC

(1) (2) (3) (4)

Cash on hand -0.018*** -0.009***
(0.0002) (0.0002)

I{Homeowner} -0.035*** -0.020***
(0.002) (0.002)

Liquid asset -0.009*** -0.003***
(0.0003) (0.0003)

Income -0.191*** -0.128***
(0.003) (0.003)

Home equity -0.001*** -0.0004***
(0.0001) (0.0001)

I{WHtM} 0.356*** 0.344***
(0.004) (0.007)

I{PHtM} 0.345*** 0.328***
(0.003) (0.003)

Adjusted R2 0.057 0.194 0.083 0.205
This table analyzes the relationship between households’ MPC and their financial characteristics. The dependent
variable is MPC and the OLS is used. Standard errors are reported in parentheses. *** p-value < 0.01; ** p-value <
0.05; * p-value < 0.1.

F Analyzing the role of mortgage contract terms

Here, we investigate the influence of mortgage contract terms on our results. A shorter mort-

gage term, given a fixed mortgage balance, implies that mortgagors face higher periodic pay-

ments. Consequently, mortgage interest payments become more sensitive to changes in the pol-

icy interest rate. Conversely, a higher periodic payment burden incentivizes households to take

out smaller mortgages, reducing consumption and making house prices less likely to be affected

by monetary policy shocks.

In addition, two opposing forces come into play during an expansionary shock. First, given

a large payment burden, financially constrained mortgagors can alleviate their interest burden,

leading to increased consumption. Second, with shorter contract terms, the appeal of switching

to FRMs to lock in low-interest rates diminishes compared to longer-term contracts. In other

words, mortgagors have less incentive to opt for costly refinancing and benefit from low-interest

rates over relatively short terms, resulting in a muted consumption response.

In our model, the parameter η captures the mortgage contract term and is set at 0.983 to reflect
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Table F1: Calibration: The halved mortgage term

Parameter Description Value Target / Source
Target parameters
β Discount factor 0.991 Liquid-asset-to-quarterly-income ratio
ω Rent benefit 1.467 Homeownership rate
ξFRM Cost of using FRMs 0.020 Share of ARMs
ξRF Fixed refinance cost 0.074 Refinance rate
z Rent price 0.231 House-value-to-quarterly-rent ratio
ψ1 Scaling parameter for investment 52.7 House-value-to-quarterly-income ratio
δ+ = δ− Appreciation/depreciation shock 0.021 Net-wealth-to-quarterly-income ratio
σb SD of idiosyncratic interest rate 0.008 Cons ratio for ARM and FRM mortgagors

This table presents the calibration strategy under the economy where the mortgage term is halved (η = 0.967). All
other non-target parameters are the same as our benchmark values.

the typical 15-year term observed in Germany. We then consider an experimental economy

where the mortgage term is halved (η = 0.967). With the new term parameter, we recalibrate

the model to match seven targeted moments while keeping other parameters consistent with

those in Section 5 (see Table F1 for our calibration strategy). We then simulate the steady-state

economy facing either a contractionary or an expansionary monetary policy shock.

Consumption responds similarly to a contractionary shock but exhibits a more pronounced

reaction to an expansionary shock when the mortgage term is shortened. In the experimental

economy, the contractionary shock increases interest payment burdens, yet the low mortgage

balance mitigates the response of house prices. These two forces result in negligible differences

in consumption responses. Conversely, under an expansionary shock, consumption increases

more significantly. This is primarily driven by the temporary reduction in the interest payment

burden, which outweighs the impact of locking in low interest rates.

G Recourse vs. non-recourse mortgages

This section examines the impact of the recourse mortgage structure on our main results.

While mortgages in European countries typically follow a recourse structure, it is widely known

that most mortgages in the US are non-recourse.54

54Ghent and Kudlyak (2011) argued that each state in the US adopts different recourse/non-recourse mortgage
structures. However, Feldstein (2008) stated that mortgages in the US are generally non-recourse.
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Figure F1: Consumption responses under different mortgage terms

(a) Contractionary shock (b) Expansionary shock
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This figure illustrates consumption responses to both contractionary (panel (a)) and expansionary (panel (b)) mone-
tary policy shocks. The black solid line represents the benchmark (η = 0.983), while the blue dotted line corresponds
to the economy where the mortgage term is halved (η = 0.967).

To consider the non-recourse mortgage economy, we need to change the households’ value

function when they default on mortgages as follows:

VD (a, e, b) = max
c≥0,a′≥0

u (c, hS, 0) + βE

 γVR (a′, e′, b′)

+ (1 − γ)VD (a′, e′, b′)


s.t.

c +
a′

1 + r + b
+ zhS = a + e

By construction, the defaulting household does not compensate the lender for its loss through

(current and future) income or financial assets. In our model, the household incurs a default

penalty by losing homeownership and being unable to access the mortgage market to purchase

an owner-occupied house. However, the household’s bad credit record can be recovered with

probability γ, after which it becomes eligible to buy a house again. The mortgage lender’s prob-

lem is simplified: the post-default expected cash flow function q̃ and the garnished balance x′D,hj
,

where j ∈ {S, L}, are set to zero. All other model components remain the same as in the bench-

mark model. We use the benchmark parameters as presented in Table 2.
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Table G1: Steady states under recourse and non-recourse mortgage structures

(1) (2)
Recourse Non-recourse

Homeownership rate 42.4% 43.3%
Financial-asset-to-quarterly-income ratio 2.76 2.76
Share of ARMs 0.16 0.19
Quarterly refinance rate 0.015 0.015
House-value-to-quarterly-income ratio 18.9 18.8
House-value-to-quarterly-rent ratio 86.3 86.0
Net-wealth-to-quarterly-income ratio 9.1 9.2
(Consumption | ARM mortgagors)/(Consumption | FRM mortgagors) 0.89 0.88
LTV ratio 21% 20%
PTI ratio 9.3% 9.1%
Mortgage foreclosure rate 0% 0%
Share of PHtM households 8.5% 8.2%
Share of WHtM households 4.6% 4.9%
(Income | ARM mortgagors)/(Income | FRM mortgagors) 0.83 0.83
(Fin asset | ARM mortgagors)/(Fin asset | FRM mortgagors) 0.59 0.57
(House value | ARM mortgagors)/(Income | FRM mortgagors) 0.99 0.99
PTI ratio for FRM mortgagors 0.09 0.09
PTI ratio for ARM mortgagors 0.09 0.10
Average MPC 0.10 0.10

This table presents the steady-state economies under recourse and non-recourse mortgage structures. Column (1)
represents the benchmark economy discussed in the main text. When computing the economy with non-recourse
mortgages, we utilize the benchmark parameters reported in Table 2.

Table G1 compares the benchmark recourse economy with the experimental non-recourse

economy. While most moments do not exhibit significant changes, some differences are observed

in the mortgage balance and the share of ARMs between the two economies. Households in

the non-recourse mortgage economy take out one percent fewer mortgages and hold a three

percentage point higher share of ARMs compared to the benchmark economy.

The primary mechanism driving these results is the difference in mortgage price schedules

between the two economies. The mortgage price in the non-recourse mortgage economy is lower

than in the recourse mortgage economy, ceteris paribus (see Figure G1). In the non-recourse

economy, mortgage lenders cannot fully recover their losses from the defaulter’s future income

and financial assets; they can only recover the value of the defaulted house, net of foreclosure

costs. Consequently, lenders are incentivized to increase mortgage prices to compensate for po-

tential losses. As a result of the higher mortgage costs, households in the non-recourse economy
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Figure G1: Mortgage price schedules: Recourse vs. non-recourse mortgages
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This figure presents mortgage price schedules q (a, e, b, h, m, k, i) under recourse (black solid line) and non-recourse
(blue dotted line) mortgage structures. The x-axis represents the mortgage balance m grid points. The population
averages of a and m, the medians of e, b, and i, the small house size hS, and the FRM k = FRM are used.

tend to take out and refinance smaller mortgages. Given the high borrowing costs, households

are more sensitive to the interest rate margins of different mortgage types: the interest margin

for ARMs is lower than that for FRMs. This sensitivity leads to a higher share of ARMs.

Next, we calculate the consumption responses in the non-recourse mortgage economy to both

expansionary and contractionary monetary policy shocks and compare them with the bench-

mark counterparts. Under the contractionary shock, consumption responses are similar. A lower

mortgage balance can mitigate the decrease in consumption, while the higher share of ARMs

offsets this impact. In response to the expansionary shock, households in the non-recourse econ-

omy consume more than those in the recourse economy. Two forces drive this result. First, the

share of ARMs in the non-recourse mortgage economy is higher than in the benchmark, lead-

ing to a stronger immediate response to the shock. Second, given the high borrowing costs,

households in the non-recourse mortgage economy increase their mortgages less under the ex-

pansionary shock, which dampens the impact on consumption responses. In our simulation, the

former impact dominates.
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Figure G2: Responses of consumption under the recourse and non-recourse mortgage structures

(a) Contractionary shock (b) Expansionary shock
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This figure presents the responses of consumption to monetary policy shocks. Panel (a) and (b) are the responses
to the contractionary and the expansionary shocks, respectively. The black solid line is the benchmark recourse
mortgage economy and the blue-dotted line is the non-recourse mortgage economy.

H Additional tables
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Table H1: Share of ARMs in the HFCS

Wave 1 Wave 2 Wave 3 Wave 4 Average
Austria 74% 54% 65% 46% 60%
Belgium 35% 40% 32% 28% 34%
Cyprus 68% 56% 64% 71% 65%
Germany 19% 11% 18% 17% 16%
Estonia 86% 90% 98% 91%
Spain 87% 90% 86% 75% 84%
France 14% 9% 5% 2% 7%
Greece 43% 58% 60% 50% 53%
Ireland 87% 79% 62% 76%
Italy 51% 54% 60% 38% 51%
Lithuania 96% 92% 94%
Luxembourg 82% 73% 62% 72%
Latvia 89% 94% 88% 90%
Malta 82% 42% 70% 38% 58%
Portugal 86% 95% 94% 90% 91%
Slovenia 86% 78% 69% 52% 71%
Slovakia 44% 64% 73% 57% 59%

This table displays the proportion of ARMs as derived from the HFCS spanning waves 1 through 4. The proportion
of ARMs is determined by the ratio of the total outstanding balances of residential ARMs to the total balances
of all residential mortgages. Note that the balance of residential ARMs in Finland is not included in the HFCS
data. However, for macro-level analysis, we adopt a share of 96% for Finland. This figure represents the average
proportion of newly issued ARMs in Finland from the first quarter of 2003 to the second quarter of 2023, as depicted
in Figure I1.
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Table H2: Data description - Part 1

Variables Definition Source Time
GDP Gross domestic product at market

prices; Chain linked volume; Cal-
endar and seasonally adjusted data;
Unit of measure: Euro

Statistical Office of
the European Com-
mission (Eurostat)

1999:Q1-
2023:Q2
(Quar-
terly)

Price level and
inflation rate

HICP - Overall index; Neither sea-
sonally nor working day adjusted;
Transformed into quarterly data with
quarterly average

Statistical Office of
the European Com-
mission (Eurostat)

1999:M1-
2023:M6
(Monthly)

Total consumption Private final consumption; Chain
linked volume; Calendar and season-
ally adjusted data; Reference sector:
Households and nonprofit institu-
tions serving households (NPISH);
Unit of measure: Euro

Statistical Office of
the European Com-
mission (Eurostat)

1999:Q1-
2023:Q2
(Quar-
terly)

Durable and Non-
durable

Final consumption expenditure of
households - durable goods; Chain-
linked volumes (2015), million euros;
Seasonally and calendar adjusted
data; nondurable is derived from
total consumption minus durable

Statistical Office of
the European Com-
mission (Eurostat)

1999:Q1-
2023
(Quar-
terly)

Investment Gross fixed capital formation; Chain
linked volume; Calendar and season-
ally adjusted data; Unit of measure:
Euro

Statistical Office of
the European Com-
mission (Eurostat)

1999:Q1-
2023:Q2
(Quar-
terly)

Government total
expenditure

Total government expenditure; CPI
adjusted by authors (HICP index as
denominator); Neither seasonally
adjusted nor calendar adjusted; Unit
of measure: Euro

European Central
Bank (ECB); GFS -
Government finance
statistics

1999:Q1-
2023:Q2
(Quar-
terly)

Mortgage debt
outstanding

Lending for house purchase vis-a-
vis domestic households reported
by MFIs excl. ESCB; CPI adjusted by
authors (HICP index as denomina-
tor); Neither seasonally nor working
day adjusted; Outstanding amounts
at the end of the period (stocks); BS
counterpart sector: Households and
non-profit institutions serving house-
holds; Balance sheet suffix: Euro;
Transformed into quarterly data with
quarterly average

European System
of Central Banks
(ESCB); BSI - Bal-
ance Sheet Items

2003:M1-
2023:M6
(Monthly)

Mortgage interest
rate

Bank interest rates - loans to house-
holds for house purchase (new busi-
ness); Annualised agreed rate; BS
counterpart sector: Households and
non-profit institutions serving house-
holds

European Central
Bank (ECB); MIR -
MFI Interest Rate
Statistics

2000:M1-
2023:M6
(Monthly)
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Table H3: Data description - Part 2

Variables Definition Source Time
SARM, Share of
Adjustable Rate of
Mortgages (type1)

Share of new loans to households
for house purchase with a floating
rate or an initial rate fixation period
of up to one year in total new loans
from MFIs to households; Based on
MIR data; Transformed into quar-
terly data with quarterly average

European Central
Bank (ECB); RAI -
Risk Assessment In-
dicators

2003:M1-
2023:M6
(Monthly)

SARM, Share of
Adjustable Rate of
Mortgages (type2)

The ratio of total residential ARM
balances to total residential outstand-
ing mortgage balances

European Central
Bank (ECB); House-
hold Finance and
Consumption Survey
(HFCS)

Wave 1-4

Refinance Fre-
quency

The ratio of households that reported
refinancing their mortgage more than
once in each wave of the survey

European Central
Bank (ECB); House-
hold Finance and
Consumption Survey
(HFCS)

Wave 1-4

Euro Overnight
Index Average
(EONIA) rate

A reference rate for the euro area,
calculated as the weighted average
of all overnight unsecured lending
transactions in the interbank market
by banks in the EONIA panel

European Central
Bank (ECB); FM - Fi-
nancial market data

1999:M1-
2021:M12
(Monthly)

Monetary policy
shock

Jarociński and Karadi (2020) (up-
dated which rages to 2023m6); Trans-
formed into quarterly data with
quarterly summation

https://

marekjarocinski

.github.io/

jkshocks/jkshocks

.html

1999:M1-
2023:M6
(Monthly)

Alternative mon-
etary policy shock
(type1)

Press Release Window for German
bonds 3 month; Altavilla et al. (2019)
(updated which rages to 2023.06.15);
Transformed into quarterly data with
quarterly summation

https://www.ecb

.europa.eu/pub/

pdf/annex/Dataset

EA-MPD.xlsx

2005.03.11-
2023.06.15

Alternative mon-
etary policy shock
(type2)

Pure policy; Kerssenfischer (2022)
(updated which rages to 2023.06.15);
Transformed into quarterly data with
quarterly summation

https://sites

.google.com/site/

markkerssenfischer

2002.03.07-
2023.06.15

Per capita nomi-
nal GDP

Per capita nominal GDP in USD World Bank WDI
(World Development
Indicators)

1999-2022
(Yearly)

Financial depth Private bank credit to GDP World Bank WDI 1999-2022
(Yearly)

Government size Government total spending to GDP World Bank WDI 1999-2022
(Yearly)

Trade openness Sum of total exports and imports to
GDP

World Bank WDI 1999-2022
(Yearly)

Financial open-
ness

De facto measure; sum of total exter-
nal assets and liabilities to GDP

The External Wealth
of Nations Database,
The Brookings Insti-
tution

1999-2022
(Yearly)
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Table H4: Micro evidence of consumption responses: Robustness check

∆ln(C) ∆ln(Car value)
I{ARM@(t − 1)}∆(EONIA) -0.018 -0.084

(0.017) (0.046)
(ARM-to-debt ratio @(t − 1))∆(EONIA) -0.022 -0.077

(0.018) (0.049)
I{Re f i}Control:HO w/ mortgages∆(EONIA) -0.070*** -0.031

(0.027) (0.072)
I{Re f i}Control:HO w/o mortgages∆(EONIA) -0.064** -0.073

(0.029) (0.074)
Number of obs (per imputation) 5,680 5,680 5,680 17,228 4,861 4,861 4,861 13,676

This table presents responses of consumption expenditures by mortgage structures interacted with the changes in
the real EONIA rate. The econometric model is given by:

∆yi,j,t =β1(Mortgage structure)i,j,t∆(EONIA)j,t + β2(Mortgage structure)i,j,t∆ln(GDP)j,t

+ β3∆(EONIA)j,t + β4∆ln(GDP)j,t + ∆Xi,j,t + Ij + εi,j,t.

Two types of mortgage structures are considered: the share of ARMs and the use of mortgage refinancing. The table
reports the coefficient β1 for each definition of the “mortgage structure.” Coefficients for control variables are not
reported. Standard errors are in parentheses. *** p-value < 0.01; ** p-value < 0.05; * p-value < 0.1.

Table H5: Responses of non-mortgage balances to policy rate decreases

∆ln(Non mortgage) I{↓ in non mortgage}
I{ARM@(t − 1)}I{Wave3} -0.016 0.042

(0.391) (0.045)
I{ARM@(t − 1)}I{Wave4} -0.125 0.016

(0.327) (0.034)
(ARM-to-debt ratio @(t − 1))I{Wave3} 0.136 -0.007

(0.441) (0.051)
(ARM-to-debt ratio @(t − 1))I{Wave4} 0.043 -0.017

(0.351) (0.036)
Number of obs (per imputation) 2,447 2,447 2,447 2,447

This table presents the responses of non-mortgage balances based on mortgage structures interacted with the time
fixed effect. In the first two columns, we sample households whose non-mortgage balances are positive at time t− 1
and set the dependent variable as the log difference. If the balance at time t is zero, we set its log balance to zero. In
the last two columns, we also sample households whose non-mortgage balances are positive at time t − 1 and set
the dependent variable as an indicator function that is one if the non-mortgage balance decreases from time t − 1
to t, and zero otherwise. The OLS model is employed. Coefficients for control variables are not reported. Standard
errors are reported in parentheses. *** p-value < 0.01; ** p-value < 0.05; * p-value < 0.1.
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Table H6: Responses of net wealth difference to policy rate decreases

∆ln(Net wealth) I{↑ in net wealth}
I{ARM@(t − 1)}I{Wave3} 0.047 0.011

(0.057) (0.028)
I{ARM@(t − 1)}I{Wave4} -0.014 0.028

(0.037) (0.023)
(ARM-to-debt ratio @(t − 1))I{Wave3} 0.039 0.004

(0.061) (0.030)
(ARM-to-debt ratio @(t − 1))I{Wave4} -0.019 0.031

(0.038) (0.023)
Number of obs (per imputation) 5,377 5,377 5,681 5,681

This table presents the responses of the difference in net wealth based on the mortgage structures interacted with
the time-fixed effect. In the first two columns, we sample households whose net wealth is positive at both time
t − 1 and t and set the dependent variable as the log difference. In the last two columns, the dependent variable is
an indicator function that is one if net wealth increases from time t − 1 to t, and zero otherwise. The OLS model
is employed. Coefficients for control variables are not reported. Standard errors are reported in parentheses. ***
p-value < 0.01; ** p-value < 0.05; * p-value < 0.1.

Table H7: Borrowing constrained households by mortgage types

I{Credit constrained} I{Credit refusal or reduction}
I{ARM} -0.001 0.017

(0.006) (0.011)
ln(income) -0.037*** -0.043***

(0.003) (0.006)
ln(home value) -0.014*** -0.015**

(0.004) (0.007)
ln(mortgage balance) 0.012*** 0.011***

(0.002) (0.004)
Number of obs (per imputation) 12,589 6,022

This table investigates the heterogeneity of borrowing constraints among households based on their mortgage
types. Borrowing constraints are assessed through two primary indicators: (1) credit refusal or reduction expe-
riences among recent applicants within the last three years (designated as variable DOCREDITREFUSAL in the
HFCS), and (2) identification of credit-constrained households using the indicator function (DOCREDITC). Anal-
ysis is conducted using an OLS model, controlling for both time and country fixed effects. Standard errors are
reported in parentheses. *** p-value < 0.01; ** p-value < 0.05; * p-value < 0.1.
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Table H8: Financial characteristics of households that refinance

I{Re f i}
I{Credit refusal or reduction@(t − 1)} -0.015 0.003

(0.031) (0.026)
I{Credit constrained households@(t − 1)} -0.013 0.008

(0.022) (0.018)
Remaining maturity @(t − 1) 0.004*** 0.004***

(0.001) (0.001)
I{Wave 4} -0.048** -0.031***

(0.020) (0.011)
Mortgage interest rate @(t − 1) 0.002 0.006 0.006 0.005

(0.008) (0.005) (0.006) (0.004)
I{ARM@(t − 1)} -0.042 -0.030* -0.018 -0.027**

(0.027) (0.017) (0.022) (0.013)
ln(income@(t − 1)) -0.011 -0.002 -0.004 0.007

(0.015) (0.009) (0.013) (0.008)
ln(home equity@(t − 1)) -0.007 -0.006 -0.013* -0.015***

(0.008) (0.006) (0.007) (0.005)
ln(financial asset@(t − 1)) 0.012** 0.008** 0.011** 0.005*

(0.005) (0.003) (0.005) (0.003)
HFCS panel wave 3-4 3-4 2-4 2-4
Number of obs (per imputation) 1,912 3,270 2,576 4,898

This table presents the financial characteristics of households that have refinanced mortgages. The dependent vari-
able takes a value of one if the household with mortgages at wave t − 1 refinances between waves t − 1 and t, and
zero otherwise. The first two columns utilize panel waves 3-4 of HFCS due to data availability on mortgage remain-
ing maturity. In the last two columns, we incorporate the time-fixed effect using panel waves 2-4. Credit record
evaluation is conducted through two methods: (1) analysis of credit refusal or reduction experiences among recent
applicants within the last three years (designated as variable DOCREDITREFUSAL in the HFCS), and (2) identifi-
cation of credit-constrained households using the indicator function (DOCREDITC). An OLS model is employed
for analysis. Coefficients for the country-fixed effects are omitted. Standard errors are reported in parentheses. ***
p-value < 0.01; ** p-value < 0.05; * p-value < 0.1.
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I Additional figures

Figure I1: Shares of ARMs in Euro countries
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This figure illustrates the time-varying share of ARMs for 18 euro area countries from 2003Q1 to 2023Q2. The
red line represents the raw data, while the green line depicts the trend component extracted by the HP filter with
λ = 1600.

Figure I2: Responses of macro variables to monetary policy shocks
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This figure presents responses of macro variables (GDP, consumption, investment, and total outstanding mortgage
debt) to either a one standard deviation increase (contractionary, top) and decrease (expansionary, bottom) in mone-
tary policy shocks. Each column plots βP

0,h (top, blue) and βN
0,h (bottom, red) in Section 3.1. with different dependent

variables. The variable SARM is measured as a stock ratio from the HFCS and uses monetary policy shocks from
Jarociński and Karadi (2020). The solid (dashed) lines represent 68% (90%) confidence intervals.
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Figure I3: Robustness check: Alternative monetary policy shocks
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This figure presents the responses of consumption expenditure to a one standard deviation increase (contractionary,
left) and decrease (expansionary, right) in monetary policy shocks, depending on the share of ARMs, respectively.
The monetary policy shocks are defined according to Altavilla et al. (2019) (top panels) and Kerssenfischer (2022)
(bottom panels). The variable SARM is measured as a stock ratio from the HFCS. The analysis covers the period
from the first quarter of 1999 to the fourth quarter of 2019. The solid (dashed) lines represent 68% (90%) confidence
intervals.

Figure I4: Robustness check: Analysis with additional control variables
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This figure presents the responses of consumption expenditure to a one standard deviation increase (contractionary,
left) and decrease (expansionary, right) in monetary policy shocks, depending on the share of ARMs, respectively.
The regression includes additional macroeconomic control variables: per capita nominal GDP in USD, financial
depth (private bank credit to GDP), government size (government total spending to GDP), trade openness (sum of
total exports and imports to GDP), and financial openness (de facto measure; sum of external assets and liabilities to
GDP). Control variables are included with lags 0 to 4, alongside macro variables like GDP growth rate and inflation
rate. The variable SARM is measured as a stock ratio from the HFCS. We utilize the monetary policy shocks defined
in Jarociński and Karadi (2020). The solid (dashed) lines represent 68% (90%) confidence intervals.
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Figure I5: Robustness check: Responses of durable and nondurable expenditures
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This figure shows the impact of contractionary (left) and expansionary (right) monetary policy shocks on durable
(top panels) and nondurable (bottom panels) goods expenditures, depending on the share of ARMs. We utilize
the monetary policy shocks defined in Jarociński and Karadi (2020). The responses are to a one standard deviation
increase (contractionary) and decrease (expansionary) in monetary policy shocks. The variable SARM is measured
as a stock ratio from the HFCS. The solid (dashed) lines represent 68% (90%) confidence intervals.

Figure I6: Government spending responses to monetary policy shocks across ARM shares
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This figure illustrates the impact of contractionary (left) and expansionary (right) monetary policy shocks on gov-
ernment spending, which is dependent on the share of ARMs. The responses are to a one standard deviation
increase (contractionary) and decrease (expansionary) in monetary policy shocks. The variable SARM is measured
as a stock ratio from the HFCS, and the regression equation corresponds to that in Figure 1 and uses the same mon-
etary policy shocks from Jarociński and Karadi (2020). The key difference lies in the dependent variable shift from
consumption to government spending. The solid (dashed) lines represent 68% (90%) confidence intervals.
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Figure I7: Mortgage interest rate responses to monetary policy across different shares of ARMs
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This figure presents scatter plots of the correlation coefficients between the first differences of the EONIA and
mortgage interest rates (MIR) against the share of ARMs (derived from the HFCS). In calculating the correlation
coefficients, panel (a) uses monthly differences, ∆EONIA = EONIAt − EONIAt−1 and ∆MIR = MIRt − MIRt−1,
while panel (b) uses quarterly differences, ∆EONIA = EONIAt − EONIAt−3 and ∆MIR = MIRt − MIRt−3. The
sample period spans from each European country’s EU accession date to December 2019. The slope in panel (a) is
-0.036 (p-value = 0.8876), and in panel (b), it is 0.007 (p-value = 0.9791).

Figure I8: Cross-country correlation between the share of ARMs and refinance frequency

This scatter plot presents the cross-country correlation between the share of ARMs and refinance frequency, with a
correlation coefficient of 0.77 (p-value: 0.003). Refinance frequency is defined as the proportion of households that
refinanced their mortgage within the past three years relative to the total number of mortgagors at the time of the
survey. The share of ARMs is calculated as the ratio of total residential ARM balances to total residential mortgage
balances, based on data from the HFCS. Finland and the Netherlands are excluded from the sample: the HFCS does
not include Finland and lacks data on mortgage types for the Netherlands.

A29



Figure I9: LTV and PTI distributions

This figure presents distributions of the LTV ratios (top panels) and PTI ratios (bottom panels). The first column
shows model-generated results, while the second column presents data sourced from HFCS (Wave 3).
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Figure I10: Responses of the refinance rate, house prices, and mortgage balances to monetary
policy shocks
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These figures present responses of the refinance rate (panel (a)), (unit) house prices (panel (b)), and mortgage bal-
ances (panel (c)) to both expansionary and contractionary monetary policy shocks under the benchmark economy.
The black line represents the response to the contractionary shock, and the blue dotted line represents the expan-
sionary shock.

Figure I11: Endogenous responses of the share of ARMs to monetary policy shocks with the
country-fixed effect
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This figure presents the responses of the share of ARMs to a one standard deviation increase (contractionary, left)
and decrease (expansionary, right) in monetary policy shocks, respectively. The response variable is measured as the
ratio of the amount of newly issued ARMs to the total amount of new mortgages from the ECB. A state-dependent
LP model is used and the country fixed effect is included. The solid (dashed) lines represent 68% (90%) confidence
intervals.
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Figure I12: Responses of mortgage interest rate premiums
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This figure displays the responses of newly issued mortgage interest rate premiums to contractionary shocks (the
black solid line) and expansionary shocks (the blue dotted line). The figure highlights the difference between the
mortgage interest rate, determined by the bond price (1/q − 1), and the current risk-free rate.

Figure I13: Consumption responses under fixed house values
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This figure compares consumption responses in the benchmark economy with those in a counterfactual economy
where the house value (ph) remains constant throughout the transition path. Panels (a) and (b) depict contractionary
and expansionary shocks, respectively. The solid black line represents the benchmark economy, while the blue
dashed line indicates the counterfactual economy. The grey bar represents the calibrated mortgage origination cost
ξ to maintain a constant house value.
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Figure I14: Mortgage balance and house prices: Economies A vs. C
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This figure presents responses of the mortgage balance and the (unit) house price under the contractionary and
the expansionary monetary policy shocks. The first row is the response under the contractionary shock and the
second row is the expansionary shock. The black solid line is the benchmark economy and the blue dotted line is
the ARM-only economy.

Figure I15: Mortgage balance and house prices: Economies B vs. D
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This figure illustrates the responses of the mortgage balance and the (unit) house price to contractionary and expan-
sionary monetary policy shocks. The first row depicts the response to the contractionary shock, while the second
row shows the response to the expansionary shock. The black solid (blue dotted) line represents the transition paths
from the initial steady-state economy B (D).
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Figure I16: Moment responses to the expansionary shock under different refinance costs
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This figure illustrates the responses of consumption, the share of ARMs, mortgage balance, and house prices to
the expansionary monetary policy shock under different fixed refinancing costs ξRF. The black solid (blue dotted)
line represents the transition paths from the initial benchmark steady-state economy (experiment economy B). The
red dashed line shows the transition in a counterfactual economy where the refinancing option is eliminated, while
maintaining the initial share of ARMs as in the benchmark.
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