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Abstract 
 
This paper quantifies mechanisms through which heterogeneity in household finances affects the 
transmission of monetary policy, considering housing tenure choices over the life cycle. Our 
analysis focuses on the four largest economies in the euro area: France, Germany, Italy, and Spain. 
Across these countries, we find that responses of consumption to changes in the real interest rate 
and in house prices differ substantially. Our analysis links the differences in the aggregate 
responses to the underlying heterogeneity in household characteristics such as age, housing tenure, 
and asset positions. We quantify how the size of the responses depends on household expectations 
about future financing conditions affected by forward guidance. 
JEL-Codes: D140, D150, D310, E210, E430, G110. 
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1 Introduction

Differences in household finances are large across the euro area. Table 1 shows that less

than 20% of households are renters in Spain. In contrast, more than 50% of households

rent their home in Germany. The differences in home ownership imply that the portfo-

lios of Spanish households are much more tilted towards housing assets. This affects the

country-specific exposure to housing busts and, through the financing cost of housing,

also the exposure to interest rate changes.

This paper quantifies mechanisms through which the observed differences in house-

hold finances shape the response of consumption to changes in the real interest rate and

house prices. The size of the consumption response to changes in the real interest rate

is crucial for the effect of monetary policy on aggregate demand, and housing busts may

trigger accommodating monetary policy responses to stabilize the economy. An essential

part of our contribution is that we employ a structural model that considers key features

of housing tenure choices over the life cycle such as the option to rent housing, costs for

adjusting housing wealth, and the pass-through of interest rate changes to the rent-price

ratio.

The model with heterogeneous households and uninsurable risk generates endogenous

distributions. This allows us to assure credibility by matching cross-sectional statistics

capturing key differences in household finances, as observed in household-level micro

data provided by the euro-area Household Finance and Consumption Survey (HFCS). Our

analysis links the cross-country differences of the aggregate consumption responses in the

euro area to the country-specific composition in household characteristics.

Based on the calibrated model, we infer the aggregate consumption response to an

unexpected fall of the real interest rate by 25 basis points. For a decrease that is ex-

pected to revert to its initial value after two years, the consumption response on impact

is between 0.34% in Germany and 0.43% in Spain.1 We quantify the extent to which the

impact consumption responses depend on expectations of forward-looking households

about the timing and duration of the interest rate change. We find that the cross-country

heterogeneity in the impact consumption responses increases if forward guidance anchors

expectations such that households expect interest rates to remain lower for longer.

We show that the quantitative size of the consumption response, as well as its degree

of asymmetry for changes of the interest rate with opposite sign, depends on the pass-

through of the interest rate to the rent-price ratio. We find that the asymmetries are caused

by housing tenure transitions from renting to owning. This shows that a model with

housing and a rental option is essential for inferring household consumption responses

1These numbers are in line with recent time series estimates for the euro area reported by Corsetti et al.
(2021).
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Germany France Italy Spain
Wealth composition

Housing wealth (main residence) 69,474 88,922 105,278 93,708
+ Other wealth 83,237 78,775 60,214 79,062
= Net worth 152,711 167,697 165,492 172,770

Housing rental rate (percent) 53.3 41.1 32.2 18.8

Table 1: Household finances in the euro area
Notes: Means for households aged 26-75. Units for wealth are euro per adult equivalent and
inflation adjusted to euro in the first wave using the factor published in the HFCS methodological
report. Other wealth is the consolidated position of all assets and liabilities other than the value
of the main residence.
Source: Authors’ calculations based on the first and second wave of the Household Finance and
Consumption Survey (HFCS), 2009–2014.

and the mechanisms driving them at the household level.

Regarding within-country differences explained by household characteristics such as

age, we find that the household-level consumption responses to changes in the real inter-

est rate are largest at ages above 45.2 This age group contributes most to the aggregate

consumption response. Across groups with different housing tenure, we find that the con-

sumption response of homeowners to interest rate changes is larger than the response of

renters, in particular if these homeowners are indebted.

The model delivers marginal propensities to consume out of liquid resources for dif-

ferent types of households. Homeowners have a larger marginal propensity to consume

than renters. This implies a larger consumption response to interest rate changes (Auclert,

2019). Relying on the propensities to consume from our model, we find that differences

in the cross-sectional composition of household portfolios at the time of the shock explain

why the consumption response to changes in the interest rate in France, Italy and Spain

is larger than in Germany. The reason is that the homeownership rate and the size of

housing in the portfolio are both larger in these countries than in Germany.

The current low interest-rate environment has raised concerns that another house

price correction may loom. The size of the consumption responses to changes in the

house price have received considerable attention after the housing busts associated with

the Great Recession in the U.S. and the subsequent economic crises in euro-area countries

such as Spain. Our model implies that a fall of the relative house price by 10 percent, on

impact, implies an elasticity of consumption with respect to the house price between 0.11

for Germany and 0.17 for Spain. These elasticities are roughly of similar size as estimates

2For the U.S., where half of the young are homeowners with higher levels of leverage than in the euro
area, Wong (2019) finds that the response is largest at young ages 25− 34.

3



by Guren et al. (2021) for the U.S. They are a bit lower than the model-implied elasticity

of 0.2 in Kaplan et al. (2020b) for the U.S. and the range of empirical estimates for the U.S.

of 0.25 to 0.4 in Kaplan et al. (2020a), possibly associated with the lower leverage of most

households in euro-area countries relative to the U.S.3

Our analysis proceeds in the following steps. In Section 2, we construct a model with

a financial asset and a housing asset that can be rented or owned. In the solution of

our model we allow for continuous portfolio choices to accurately capture the portfolio

positions and a spread between the lending and borrowing rate, which are both important

for computing the implied consumption responses.

In Section 3, we calibrate the model accounting for cross-country differences in pay-

as-you-go pensions, taxation and social transfers, age profiles and risk of labor income,

and demographics. The calibration targets include the observed means and age profiles

for net worth, housing, and the housing rental rate for the four largest euro-area coun-

tries displayed in Table 1: France, Germany, Italy and Spain. These countries account for

three quarters of GDP in the euro area and are characteristic examples for the observed

heterogeneity in household finances across the euro area.

In Section 4, we then compute the consumption response after changes in the real

interest rate and the house price for these four countries.

1.1 Related literature

Our paper contributes to the literature on differences in household finances and consump-

tion responses to changes in real interest rates and house prices. The relationship between

heterogeneity in wealth and heterogeneity in marginal propensities to consume has been

analyzed in environments with uninsurable idiosyncratic risk, as for example in Carroll

et al. (2017). The marginal propensity to consume determines the size of the consumption

response to price changes, as shown by Auclert (2019) for changes in the interest rate and

by Berger et al. (2018a) for changes in the house price.

Kaplan and Violante (2014) have shown that the marginal propensity to consume

crucially depends on wealth composition, distinguishing liquid and illiquid assets. The

marginal propensities to consume in our model also depend on household balance sheets.

We account for the substantial heterogeneity in home ownership across euro-area coun-

tries (see Table 1), distinguishing housing and other wealth in household portfolios. Dif-

ferences in household finances then change the marginal propensity to consume and thus

also influence the consumption responses to price shocks.

3Recent empirical evidence by Lennartz (2021) suggests that the lower leverage of Italian households
may explain part of the smaller consumption response to house price changes in Italy compared to the U.S.
Durable spending in the U.S. responds even more strongly to house price changes, with an elasticity of 0.6
to 0.8 for the U.S. reported in Mian et al. (2013).
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Auclert (2019), Kaplan et al. (2018) and Wong (2019) have investigated the distribu-

tional and aggregate effects of unexpected changes in the interest rate on consumption

for the U.S. Cloyne et al. (2020) compare the respective consumption responses in the U.S.

and the U.K. Jappelli and Scognamiglio (2018) and Blomhoff Holm et al. (2021) provide

evidence for Italy and Norway, respectively. We contribute to this literature by analyz-

ing the dependence of these responses on the observed differences in household finances

across the euro area.

We focus on the consumption response to changes in the real interest rate. This re-

sponse is an important part of monetary-policy transmission in general. For our emphasis

on cross-country and within-country heterogeneity, this is the key part. Such a focus sep-

arates the effects of cross-country heterogeneity in consumer finances from the potential

influence of cross-country differences in inflation. In the case of open economies within

a monetary union, country-specific inflation dynamics would need to be aligned with

features such as cross-country flows of goods and capital, country-specific labor market

institutions, and country-specific reactions of fiscal policies. Such differences and their

explanation are beyond the scope of the present paper. Our focus on the transmission

of changes in real rates is supported by empirical evidence in Altavilla et al. (2019) who

show that the transmission of monetary policy shocks to the yield curve of nominal rates

is similar across the largest euro-area countries. Thus, that part of monetary policy trans-

mission does not seem a quantitatively important source of cross-country heterogeneity

in consumption responses.

Beraja et al. (2018) uncover regional heterogeneity in the transmission of changes in

the interest rates to consumption for the U.S. They show that a lower interest rate in

the Great Recession benefited those regions more in which households held higher home

equity. These households were able to take advantage of the lower interest rates by re-

financing the mortgage while this option was not available to households with low or

even negative home equity. This channel is also present in our analysis of the euro area.

Because mortgage lending has been much more restrictive in the euro area with loan-to-

value ratios below 80%, households have positive home equity and potentially can take

advantage of refinancing. A difference to the U.S. is that refinancing is more costly in

some of the considered countries of the euro area. We provide suggestive evidence that

this cost would increase the cross-country differences in the consumption responses even

further.4

Slacalek et al. (2020) provide back-of-the-envelope calculations to assess the impor-

tance of household balance sheets for consumption responses in the euro area. As in their
4Berger et al. (2018b) and Eichenbaum et al. (2018) show that the refinancing channel makes the effects of

monetary policy path dependent in the U.S. as a result of refinancing fixed-rate mortgages. In our analysis,
this channel seems less important for Germany and France where refinancing of mortgages is much more
costly.
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Figure 7, we find stronger direct effects of interest rate decreases on consumption in Ger-

many and France than in Italy and Spain once we account for differences in household

finances at the time of the shock (see Table 6). We also find that the stronger role of hous-

ing in portfolios of households in Italy and Spain increases the consumption response in

these countries.

Our structural model allows us to analyze the mechanisms further. We find that home

ownership plays an important role for the consumption response. The pass-through of

interest rate changes to the rent-price ratio in the housing market and home ownership

choices shapes the transmission of monetary policy to non-housing consumption, as we

explain in subsection 4.1. The consumption of renters who plan to become owners in

the future responds very differently to changes in the interest rate and this introduces an

asymmetry in the consumption response to decreases relative to increases of the inter-

est rate. We also uncover heterogeneous household decisions across countries resulting

from differences in the economic environment. That is, using technical jargon to be more

precise, we find that differences in the policy functions as well as differences in the state

variables matter for the cross-country asymmetries of consumption responses.

The back-of-the envelope calculations by Slacalek et al. (2020) suggest that the indi-

rect general equilibrium effects after changes of the interest rate contribute less than the

direct effects to the aggregate consumption responses in Germany and France. The con-

tribution of the indirect effects is larger for Italy and Spain. Recent empirical evidence

by Blomhoff Holm et al. (2021), based on detailed administrative household-level data in

Norway, shows that the direct effect of interest rate changes on consumption dominates

the indirect general equilibrium effect over a horizon of two years after the shock. Because

the general equilibrium effect takes time, this suggests that the direct effect of interest rate

changes, which we focus on in this paper, shapes the consumption response over shorter

horizons after monetary policy shocks.

The chosen focus allows us to analyze the transmission from changes in real interest

rates to consumption in a relatively detailed life-cycle model with housing. The model is

well suited to answer our question of interest, i.e., to which extent differences in housing

across euro-area countries affect monetary policy transmission, given that home owner-

ship is not a fixed trait but households typically purchase a home at a certain stage of the

life cycle. An analysis of the underlying causes of the interest rate or house price fluctu-

ations as well as of the consumption responses over time horizons longer than two years

would require further modeling of equilibrium effects which we leave to future research.

Our analysis of the consumption responses for different timings of the interest rate

changes relates to McKay et al. (2016). They show that the precautionary saving motive

may reduce the response of consumption to future interest rate changes in economies with
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uninsurable risk relative to a representative agent economy.5 In accordance with these

results, albeit in a life-cycle model with housing, we find that the impact consumption

response is smaller (in absolute terms) if the change in the interest rate is announced to

occur further in the future.

Concerning durable purchases and the timing of interest rate changes, McKay and

Wieland (2021a) show that current changes in the user cost have a stronger effect on

durable purchases relative to expected future changes of user cost.6 This relates to the

response of housing purchases after interest rate changes in our model, with the differ-

ence that agents can consume housing services by renting or owning housing units. We

find that a decrease of the interest rate increases home purchases and this effect matters

quantitatively, also for the consumption responses, if there is negligible pass-through to

the rent-price ratio. With full pass-through instead, we find that home purchases are de-

layed after an interest rate decrease and this effect is quantitatively small. Greenwald and

Guren (2021) and Landvoigt et al. (2015) show that the effect of changes in the user cost of

homes on the homeownership rate and the rent-price ratio depends on the segmentation

of the housing market. Our benchmark results for the consumption responses are based

on the assumption of no pass-through to the rent-price ratio, given the empirical evidence

for euro-area countries in Corsetti et al. (2021) and Koeniger et al. (2021).

The analysis of the consumption response to changes in relative house prices builds

on work by Berger et al. (2018a), Guerrieri et al. (2020), Kaplan et al. (2020b) and Guren

et al. (2021) who analyze the consumption response to changes in house prices in the U.S.,

and the empirical analysis of Mian and Sufi (2011) and Mian et al. (2013). Piazzesi and

Schneider (2016) provide an excellent overview of the literature.

Recent empirical work by Calza et al. (2013) and Corsetti et al. (2021) reveals het-

erogeneity in the transmission of monetary policy to aggregate consumption and house

prices across countries in the euro area. The heterogeneity is associated with differences

in the housing market.7 We build a structural model that allows us to inspect parts of the

monetary-policy transmission mechanism in detail. We focus on how the differences in

household finances within and across the considered four euro-area countries shape the

transmission of changes in the real interest rate and the relative house price to consump-

tion.

An important related literature has tried to uncover the determinants for the large

5Werning (2015) shows that, in a closed economy, the consumption responses are the same in both types
of economies if individual income, borrowing constraints and assets are related to aggregate income in a
proportional way.

6McKay and Wieland (2021b) also show that expansionary monetary policy may imply intertemporal
shifts of durable purchases which reduce the effectiveness of monetary policy in the future.

7Calza et al. (2013) and Corsetti et al. (2021) also provide a New-Keynesian DSGE model with household
types (borrowers and savers) to interpret their empirical findings. See their paper for further references to
the literature on housing markets within this framework.
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observed differences in household finances. Guiso et al. (2003) document and analyze

the differences in stock-market participation between the U.S. and European countries.

Christelis et al. (2013) decompose the observed differences in household finances across

the U.S. and European countries into differences resulting from the economic environ-

ment and from population characteristics. They find that differences in the economic en-

vironment are important to explain the observed differences in household finances across

European countries which we try to capture in our calibration. Arrondel et al. (2016) and

Bover et al. (2016) have performed similar decompositions based on the HFCS to under-

stand the heterogeneity of assets and liabilities of households in the euro area. Adam

and Zhu (2016) and Adam and Tzamourani (2016) build on the seminal paper by Doepke

and Schneider (2006) for the U.S. and assess empirically the distributional effects of infla-

tion and asset-price changes resulting from the heterogeneity in wealth across euro-area

countries observed in the HFCS.

Taking a structural approach based on a life-cycle model with one asset and heteroge-

neous agents, Pham-Dao (2019) investigates the effect of differences in the social security

systems across euro-area countries on wealth inequality. We perform our analysis in a

framework with household portfolio choice, also accounting for differences in the design

of social security across euro-area countries. Kindermann and Kohls (2018) analyze the

extent to which differences in rental-market efficiency in the euro area can explain differ-

ences in home ownership where higher homeownership rates imply lower wealth inequal-

ity. Kaas et al. (2021) argue that lower transaction costs for housing in the U.S. compared

with Germany are an important factor for explaining the higher homeownership rates in

the U.S. Our structural approach is similar to these papers but we focus on the question of

what the observed differences in household finances imply for the transmission of price

changes to consumption. In our calibration of the model we find, as Kindermann and

Kohls (2018) and Kaas et al. (2021), that differences in transaction costs and rental effi-

ciency are important to match the differences in home ownership across the four analyzed

euro-area countries.

2 The model

We use a life-cycle incomplete-markets model with household portfolio choice for our

quantitative analysis. This section describes the features of all building blocks of the

model. The specific choices of parameters used for the quantitative analysis – and, in par-

ticular, country-specific differences in the relevant parameters – are discussed in Section

3. In Appendix A we provide formal details of the recursive formulation and explain how

we solve the model.

We implement a version of the life-cycle model which combines discrete choices and

8



continuous choices. For a realistic account of household decisions, we allow for discrete

choices in owning versus renting a house and in adjusting versus not adjusting one’s house

size. Based on these discrete choices, the remaining choices of non-housing consumption,

of financial assets, and of relevant housing quantities are continuous. The financial asset

is the model counterpart for the residual wealth category other wealth in the data, given

our portfolio choice problem with two assets.

Preferences

This building block specifies the time horizon and the preferences over consumption

streams. We use a life-cycle model with J periods, indexed by j = 1, . . . , J . Households

maximize their expected discounted utility over the life cycle. They apply a discount

factor β on future period utilities. Expectations take into account survival probabilities,

idiosyncratic risk in earnings, and aggregate risk in future returns on financial assets.8

The relevant consumption items for our analysis are non-housing consumption cj and

housing services ŝj , obtained by choosing either to own or to rent housing. We assume

a period utility function that is log-separable in non-housing consumption and housing

services:9

u(cj , ŝj) = θ logcj + (1−θ) log
(
ŝj
)

.

The flow of housing services for owners of a house of size ĥj+1 is

ŝj = φĥj+1 .

If choosing to rent a house, the service flow is related to the rented housing quantity f̂j by

ŝj = φRf̂j .

In the calibration φ > φR > 0 allows to capture a smaller per-unit utility flow from

housing for renters compared to owners, as a commonly used reduced form for utility

losses resulting from moral-hazard or hold-up problems in the rental market.

For the event of death, households consider a warm-glow bequest motive with utility

Ψ ([) from bequeathing an amount of resources [, whose relation to the bequeather’s asset

positions is specified in the section on portfolio items below. The bequest utility function

takes the form

Ψ ([) = ψ0 log(ψ1 +ψ2[) .

8The calibration will abstract from aggregate risk but we consider probabilistic interest rate changes
within our MIT-shocks experiments that follow later.

9The notation with hats used here distinguishes physical housing as a utility-generating quantity from
its valuation, which will be used for the recursive formulation of the model, as is explained in Appendix A.
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This standard functional form captures the strength of the bequest motive with the

parameter ψ0 > 0, and the extent to which bequests are a luxury good with the parameter

ψ1 > 0. We show in Appendix B that ψ0 = 1/(1− β), ψ1 equals average earnings of the off-

spring and ψ2 = r −g if the bequeather considers the consequences of the annual payment

flows generated by the bequest on the marginal utility of the offspring for a long-run real

interest rate r and an annual income growth rate g. Determining the bequest parame-

ters this way allows for an immediate economic interpretation and reduces the number of

parameters in our calibration.

Earnings

Uncertainty in the model is captured by a Markov process. We denote the realization of

the Markov state at age j by sj , and the implied household earnings by yj(sj).

Earnings in the model during working age capture labor earnings after taxes and trans-

fers, and during retirement they capture public pensions net of taxes. During working

age, labor earnings are subject to stochastic variation each period. During retirement

age, they are determined by household-specific working-age earnings. These sources of

idiosyncratic background risk cannot be fully insured against and thus matter for the life-

cycle profiles of asset accumulation and portfolio composition. To accurately capture this

effect, as further explained in Section 3, we will calibrate the earnings variables for each

country and obtain country-specific life-cycle profiles and risk resulting from country-

specific features of taxation, social security, and pay-as-you-go pensions.

Portfolio items: costs, returns, constraints

An important difference between rented and owned housing is that the quantity of owned

housing can only be adjusted at a cost, reflecting the illiquidity of housing as an asset. To

generate inaction ranges and lumpy adjustment patterns,10 we specify an adjustment
cost function for which costs are proportional to the quantities sold or bought, with pt
denoting the relative price of housing:

αp(ĥj , ĥj+1) = α1ptĥj +α2ptĥj+1.

These costs have to be paid if the household chooses to adjust to a new quantity of owned

housing at age j. The cost structure is motivated by two components: α1ptĥj from selling

ĥj , and α2ptĥj+1 from purchasing ĥj+1. In any situation where a household decides to

10In a previous version, we allowed for an additional fixed-cost component to generate such patterns.
A fixed cost did not turn out to be essential, given that the smallest house chosen by the agents in the
calibrated model already implies adjustment costs of hundreds of euro.
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adjust the quantity of owned housing, such an adjustment will always result in a positive

quantity ĥj+1. This is a consequence of the utility function specified above. Accordingly,

when deciding to adjust to a new quantity of owned housing, such a decision will always

entail triggering both the selling and the purchasing components of adjustment costs.

If the household chooses not to adjust the existing quantity of owned housing, such

that ĥj+1 = ĥj , no adjustment costs are incurred.

If the household chooses to rent this precludes owning (a positive quantity of) housing,

meaning that ĥj+1 = 0. Accordingly, when making such a choice, the household faces the

adjustment cost component of the selling branch but is inactive on the purchasing branch,

resulting in an adjustment cost of the form

αpR(ĥj) = α1ptĥj .

A household starts with given initial levels of financial assets a1 and of owned housing

ĥ1. Each period a household makes the discrete choices11 of renting versus owning, and

of adjustment versus non-adjustment, subject to the applicable versions of the budget

constraint and the collateral constraint specified in the following.

If the household chooses to consume housing as an owner adjusting his housing stock,

the budget constraint at age j is

cj + aj+1 + ptĥj+1 +αp(ĥj , ĥj+1) = yj(sj) + (1 + rt−1)aj + ptĥj ,

where rt−1 denotes the safe interest rate promised at calendar time t − 1, when the

decision maker was of age j −1 and invested in the financial asset position aj , and current

age earnings are denoted by yj(sj). Concerning the interest rate, we allow for a spread

between an interest rate of r− for debt positions and a rate of r+ on positive financial asset

positions. We assume that this spread is positive such that r− > r+.

If the household chooses to consume housing as an owner not adjusting his housing

stock, such that ĥj+1 = ĥj , the budget constraint becomes

cj + aj+1 = yj(sj) + (1 + rt−1)aj .

If the household chooses to consume housing as a renter, the following budget con-

straint applies

cj + aj+1 + qt f̂j +αpR(ĥj) = yj(sj) + (1 + rt−1)aj + ptĥj .

11In the quantitative application we allow for the consideration of some degree of noise in decisions
among discrete choices, as explained in the recursive formulation in Appendix A.

11



Rental prices qt are specified in relation to prices for ownership as

qt = ktpt,

where the fraction kt is referred to as the rent-to-price ratio. We allow for time variation of

the rent-to-price ratio by considering it as the sum of a non-interest component k and the

(lending) interest rate r+
t prevailing at time t

kt = k + r+
t ,

and we refer to this specification as pass-through (of interest rates to the rent-to-price

ratio). If r+
t in the previous specification is held constant when we analyze the effects of

an interest change, we call this a situation with no pass-through.12

Portfolio choices, and in particular debt positions, are also restricted by a collateral
constraint that limits borrowing:

(1 + rt)aj+1 ≥ −µptĥj+1 − gy,j+1.

where the parameter µ represents the loan-to-value (LTV) ratio. The parameter gy,j+1

denotes those pledgeable resources which are not related to asset holdings. For those

households who choose to own and not to adjust their house size, meaning that ĥj+1 = ĥj ,

this collateral constraint becomes (1 + rt)aj+1 ≥ −µptĥj −gy,j+1. For households who choose

to be renters, and therefore get a housing position of ĥj+1 = 0, this implies the borrowing

constraint (1 + rt)aj+1 ≥ −gy,j+1.

Finally, given the previous description of portfolio items, costs, and returns, we are in

a position to specify the amount of resources bequeathed in the event of death as

[ = (1 + rt)aj+1 + (1−α1)pt+1ĥj+1,

which can be interpreted as liquidable wealth from the portfolio existing at the time of

death.

3 Calibration

Our approach is to calibrate the model to capture key dimensions of the observed het-

erogeneity in household finances, on which we have detailed data as illustrated in Table

1. We use the Household Finance and Consumption Survey (HFCS), a relatively recent

12The choice of the lending rate r+
t to decompose the rent-price ratio into an interest and non-interest

component is without loss of generality. If we had chosen the borrowing rate r−t instead, the non-interest
component would be scaled in the calibration to account for the interest spread.
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survey for the euro area whose structure largely follows the Survey of Consumer Finances

(SCF) in the U.S. The HFCS contains detailed information on household balance sheets

but no information on consumption other than food.13 Thus, we use a model, calibrated

to match the household balance sheets, to infer the consumption responses across house-

holds with different characteristics. After aggregating the household-level consumption

responses, we then compare the model-implied aggregated consumption responses, for

example, to empirical estimates provided by the literature (Corsetti et al., 2021) for con-

sumption responses to changes of the interest rate.

Our calibration includes a rich set of cross-country differences regarding crucial model

features for France, Germany, Italy and Spain: the pension and tax systems, survival prob-

abilities, labor-income profiles and labor-income risk, transaction costs for housing, rent-

to-price ratios and some preference parameters, as shown in Table 2. We describe the es-

sential cross-country differences in this section, and refer to Appendix C for details. Table

7 in that Appendix C documents all other parameters that are common across countries.

The aim of our calibration is to explain the differences in household finances by ob-

servable cross-country differences. The economic environment in a country influences

household finances by affecting motives for asset accumulation and portfolio choice, for

example, the motives for precautionary and retirement saving. Any remaining part, un-

explained by the economic environment, is captured with the following preference pa-

rameters: the discount factor β, the weight of non-housing consumption in the consump-

tion basket θ, and the rental efficiency before and during retirement determined by the

service-flow rates out of rental housingφR andφretR . Such unobservable preference hetero-

geneity corresponds to a country fixed effect.14 The bottom part of Table 2 shows that the

preference heterogeneity required in the calibration is relatively small but for the rental

efficiency parameters on which we comment further in the following.

We calibrate differences in the pay-as-you-go component of the pension systems us-

ing information on the adjustment factor for pre-retirement earnings (the valorisation

rate) and the number of earning years used for the calculation of retirement benefits, the

growth of benefits during retirement and the net-replacement rates at different levels of

net earnings documented in OECD (2007).15 We calculate pension benefits by computing

the average income for the relevant pre-retirement earning years conditional on the last

pre-retirement income draw. See Hintermaier and Koeniger (2011) for further details.

13Even for food consumption, the HFCS waves have a limited panel component and the survey is only
conducted at a frequency of three years. This would not allow to estimate responses to those types of
changes we analyze, namely responses to aggregate changes at the frequency relevant for monetary policy.

14Given the parametrization of the bequest motive explained in Section 2 and Appendix B, the bequest
motive varies across countries because of differences in the discount factor and the average earnings of the
offspring.

15Pension savings that are contained in household-specific accounts are reported in the HFCS and thus
part of the targeted net worth that we match in the model calibration.
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Germany France Italy Spain

Non-interest component of rent-to-price ratio

k 0.009 0.006 0.009 0.014

Proportional transaction cost

α2 0.075 0.08 0.085 0.105

Life-cycle income process

country-specific age profiles
country-specific pension and tax systems

std.dev. of innovation
σinnovation 0.23 0.18 0.23 0.20

Life expectancy

country-specific survival probabilities

Preferences

β 0.983 0.988 0.987 0.986
θ 0.82 0.80 0.80 0.84
φR 0.87 0.84 0.91 0.92
φretR 0.82 0.57 0.62 0.76

Table 2: Country-specific calibrated parameters
Notes: Details on our implementation of country-specific pension and tax systems, age-income
profiles, and fees on real estate transactions are contained in Appendix C. For common parameters
across countries see Table 7 in Appendix C.
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We account for differences in labor-income taxes across countries by following Guve-

nen et al. (2014). Based on the information in the OECD tax database on tax exemptions

and tax rates at different levels of labor earnings, we convert the labor earnings, including

transfers that we observe in the HFCS survey, into earnings after taxes and transfers.

We compute the country-specific age profiles and standard deviations of earnings after

transfers by regressing the logarithm of these earnings on a quartic age polynomial.16 The

assumption of an AR(1) process with an autocorrelation of 0.95 then implies the standard

deviations of the innovations reported in Table 2 to match the variance of the residuals

obtained from these regressions for each country.17 The values we obtain from the HFCS

as a common data source are broadly in line with findings reported in Table 2 of Pham-

Dao (2019) who reports estimates based on the EU-SILC dataset, and with the variances of

earnings based on national datasets reported by Fuchs-Schuendeln et al. (2010) or Pessoa

(2021) for Germany, Jappelli and Pistaferri (2010) for Italy and Pijoan-Mas and Sanchez-

Marcos (2010) for Spain.18

We capture country-specific transaction costs for housing and rent-price ratios which

influence the portfolio choice between housing and liquid financial assets and the choice

between home ownership and rental.19 The costs also contain transaction taxes in the

euro-area countries we consider and are typically borne by the purchaser. The taxes im-

ply that the values displayed in Table 2 are considerably higher than in the U.S. where

housing transaction costs due to fees for real-estate agents typically amount to 2.5% of

the transacted value.

Those parameters in the model set to common values across countries are summarized

in Table 7 in Appendix C. For all four euro-area countries considered, we calibrate the real

interest rate as follows. We set the real lending rate to 0.5% and the borrowing rate to 2%,

implying a spread of 1.5 percentage points. The long-run interest rate applied to generate

expected income flows from bequests is set to 4%. This calibration of interest rates shall

capture the low-interest rate environment after the financial crisis with a spread for mort-

16We convert the cross-sectional age profiles into life-cycle income profiles, accounting for cohort effects
that result from average annual income growth of 1%.

17We use the Rouwenhourst method to approximate the Markov chain with seven income states.
18Recent evidence of the Global income dynamics project shows that the distribution of changes of log

individual gross earnings in the considered countries has skewness and kurtosis that differ from a normal
distribution. For Germany, evidence by Pessoa (2021) shows that the normal distribution approximates
the distribution of earnings changes better if joint earnings of households rather than individual earnings
are considered, and if government transfers are included. Household earnings after transfers per adult
equivalent are the data counterpart of earnings in this paper.

19Kaas et al. (2021) emphasize the importance of transaction taxes to explain the lower home ownership
rate in Germany compared to the U.S. Kindermann and Kohls (2018) find quantitatively sizable differences
in the euro area for rental market efficiency. They quantify the wedge in the rental market between shel-
ter provided by landlords and shelter received by renters that implies variation in rent-price ratios across
countries.
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gage loans broadly in line with evidence reported in ECB (2009), chart 21.20 The higher

long-run interest rate ensures that, for our specification of the bequest motive with the

assumption of a common productivity growth rate of 1%, bequests remain sufficiently

attractive to generate capital income for the offspring.

We assume stable expected relative house prices as a benchmark. The maximum value

of the loan-to-value ratio µ is set to 0.8, in line with common practice of lenders in the euro

area. We restrict the loan-to-value ratio to a lower value of µret = 0.3 during retirement.

This shall capture that mortgage contracts typically feature substantial amortization until

retirement in the euro area countries we consider, as documented in ECB (2009), p. 30, so

that loan-to-value ratios are low empirically at the end of the life cycle. For the calibrated

economies, it turns out that the tighter specification of µret is not binding for most house-

holds whose optimal decisions imply substantial amortization even without the tighter

maximum loan-to-value ratio during retirement.

The starting age in the model is age 24. Until retirement age 65, labor income fluctu-

ates stochastically around the mean age profile. Between ages 65 and age 85 agents receive

their earnings-dependent pension, calculated as explained above, and have survival prob-

abilities that are calibrated using mortality tables from Eurostat.21 These probabilities are

available until age 85, which coincides with the terminal age in our model.

We simulate the model for 120,000 agents to compute model statistics. To obtain the

initial distribution, we draw from the empirical distribution of net worth and housing

wealth observed in the HFCS for households aged 20 to 30. We use data from the first

and second wave to draw the distribution and adjust for inflation, converting values into

euro of the survey year of the first wave. We draw the income shocks from the station-

ary distribution. For each country we build a synthetic survey by sampling households

at various ages of their simulated life-cycle profiles. The age-specific sampling weights

match the demographic composition of the micro data set for the corresponding country.

When comparing the model with the data, we focus on agents between ages 26 and 75

who account for about 90% of the weighted HFCS sample for the considered countries.

We calibrate the model by targeting the set of moments reported in Table 3 and Figures

1 and 2. These moments capture the extensive and intensive margins of household bal-

ance sheets in terms of housing tenure and the associated leverage.22 Table 3 and Figures

1 and 2 show that the life-cycle model manages to match most of the targets well by ac-

20 Given that household debt is secured in our model, the calibrated spread is smaller than the 6 percent-
age points calibrated in Kaplan et al. (2018) who model net asset positions, thus consolidate housing assets
and mortgage debt so that borrowing in their model should be interpreted as unsecured debt. Appendix D
provides further details on the role of the interest spread in our model with housing.

21We use the mortality tables for the reference year 2009 which are available at
https://ec.europa.eu/eurostat/web/main/data/database .

22We attach equal weight to the targets in the objective function to minimize the Euclidean distance from
the targets in percentage points or percent, depending on the target.
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Germany France Italy Spain
Data Model Data Model Data Model Data Model

Net worth 152,711 131,187 167,697 161,643 165,492 174,882 172,770 143,339
of which: housing wealth 69,474 93,462 88,922 105,881 105,278 125,991 93,708 102,273

Rental rate (percent) 53.3 53.0 41.1 39.7 32.2 29.4 18.8 19.2
Fraction of homeowners with debt 17.5 40.9 17.8 34.0 10.1 35.0 25.9 40.9
LTV, conditional on debt 36.1 20.9 36.5 20.9 28.9 20.2 39.5 30.5

Table 3: Averages by country in the data and model predictions

(a) Germany

(b) France

Figure 1: Age profiles for Germany and France: data (dashed line) and model predictions
(solid line)
Notes: Averages for groups with ages 26-35, 36-45, 46-55, 56-65, 66-75. Units of net worth and
housing are euro per adult equivalent.
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(a) Italy

(b) Spain

Figure 2: Age profiles for Italy and Spain: data (dashed line) and model predictions (solid
line)
Notes: see notes for Figure 1.
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counting for key differences in the economic environment, that we have explained above,

and by calibrating country-specific rent-price ratios as well as by allowing for some het-

erogeneity in preference parameters.23 Although the parameters are jointly calibrated,

some targets are tightly related to certain parameters. The discount factor β allows to

match average net worth and its age profile. The weight of non-housing consumption

in the consumption basket θ together with the non-interest component of the rent-price

ratio k and the parameters for the rental efficiency φR and φretR allow to match average

housing wealth, the rental rate and their age profiles.24 Within the set of parameters that

match these targets well, we search for parameter combinations that align as much as

possible the extensive and intensive margins of indebtedness associated with home own-

ership predicted by the model with the data.

Figures 1 and 2 reveal the trade-offs implied by our multi-dimensional objective func-

tion. The calibration matches the leverage of homeowners quite well. Once the extensive

and intensive margin of leverage are disentangled, as in Figures 1 and 2 and Table 3, we

observe that the predicted LTV ratios conditional on being a homeowner with debt (at

the intensive margin) are lower than in the data, particularly at young ages. Instead, the

incidence of homeowners with debt (at the extensive margin) is higher compared to the

data, particularly for Italy (see Table 3). This is also related to the model predicting on

average a larger share of housing wealth (of the main residence) in the portfolio than in

the data, and lower rental rates during retirement. Our extensive search in the parame-

ter space during the calibration has confirmed that these deviations from the data targets

could only be reduced at the cost of increasing deviations from other data targets such as

net worth. Further research may explore additional features to improve the model perfor-

mance, which, however, may come at the cost of having to abandon a uniform modeling

framework for the euro-area countries.

Overall the model fit is comparable with the life-cycle model by Kaas et al. (2021)

calibrated to Germany. Our calibration implies a slightly higher adjustment incidence of

housing of 3.1% in the synthetic model-generated data for Germans between ages 30−60,

given that we do not specify a minimum house size of 80,000 euro as in Kaas et al. (2021)

23We calibrate the rent-price ratio because the existing data on rent-price ratios may be confounded by
quality differences so that the quality-adjusted rent-price ratio is unobserved. The calibrated non-interest
component of the rent-price ratio reported in Table 2 varies between 0.6 and 1.4 percent. These values
have a plausible order of magnitude if one considers the rough approximation of the user cost for owned
housing that equals the sum of the real interest rate and the depreciation rate, where the depreciation
rate for housing is usually estimated to be small and within the ballpark of the values of the non-interest
component in our calibration.

24It is noteworthy that the model requires a lower φretR than φR in the calibration. Without making rental
less attractive during retirement, the model would predict more rental than empirically observed. We leave
the question for further research in which way specific economic features might combine with cross-country
cultural differences. The relevant combination may complement or partially substitute for the role played
here by preferences in explaining why rental is seemingly less attractive during retirement.
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and allow for continuous portfolio choices.25 The incidence varies from 2.4% in Spain and

2.5% in Italy to 3.6% in France, in line with the empirical evidence on housing tenure tran-

sitions for Germany and Italy in Koeniger et al. (2021). Similarly to Kaas et al. (2021), we

find that about half of the housing adjustments are accounted for by owners in Germany.

This fraction increases to two thirds in Spain where more households are homeowners.

In Appendix D we discuss how housing adjustment interacts with the interest spread and

highlight some different implications of the spread in our model with housing compared

to the literature.

Table 2 shows that the model also requires some differences in the preference param-

eters to match the country-specific data targets. In Appendix C.5, Table 9 shows that the

country-specific model inputs in Table 2 and the differences in the initial asset distribu-

tions of young households are quantitatively important for explaining the cross-country

differences in household finances. The differences in the age composition across countries

observed in the HFCS instead contribute little.

4 Consumption responses

We use the calibrated model to analyze the response of non-housing consumption to

changes in the real interest rate for the considered euro-area countries. We complement

the analysis of this key part of monetary policy transmission, by illustrating some of the

challenges monetary policy would face in the current low-interest rate environment if a

housing bust occurred. We then illustrate the role of differences in household finances for

the cross-country differences in the consumption responses.

4.1 Consumption response to a change in the real interest rate

We illustrate how the composition of household portfolios, the pass-through of interest

rates to the rent-price ratio and expectations about the duration of an interest rate regime

shape the consumption responses to interest rate changes. Standard models imply that a

change of the interest rate has income and substitution effects for consumption. In our

model, the strength of these effects for the aggregate consumption response depends on

the portfolio of households, e.g. whether most households own a home and have a mort-

gage or whether most households rent and have some savings. As we are going to illus-

trate, there are further effects at work in our model. The consumption response depends

25We specify the minimum house size so that it is never binding in the simulations, consistent with the
used first-order conditions in the solution algorithm. We solve the model on a grid of state variables of 480
points for housing and 335 points for the other asset in the portfolio. We allow for continuous portfolio
choices. The future marginal utility consequences of any portfolio choice combination are obtained by
interpolating on a grid, which is refined by a factor of 3 and 4, respectively, compared to the state grid.
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on whether the portfolio is adjusted because of the change in the interest rate. We find

that the incidence and size of portfolio adjustments depend on the pass-through of inter-

est rates to the rent-price ratio in the housing market. We then illustrate that a further

key determinant of the consumption response is the expectation of households about the

duration of the interest rate change which can be influenced by the central bank’s forward

guidance.

The pass-through of interest rate changes to prices in the housing market and the

pass-through of interest rate changes to housing tenure are two sides of the same coin. If

changes of the interest rate do not pass through to the rent-price ratio, the cost of owning

relative to renting changes so that housing tenure transitions are triggered. We show that

the implied adjustment costs together with the change in the cost of consumed housing

services for the affected subpopulation quantitatively change the aggregate consumption

response. Because a fall in the interest rate triggers transitions from renting to owning

whereas such transitions are postponed after a temporary increase of the interest rate, the

response of non-housing consumption to monetary policy shocks is asymmetric. To the

best of our knowledge, this quantitative finding has not received attention in the literature

so far. The life cycle model with housing is well suited to analyze this effect because hous-

ing tenure transitions have systematic age patterns, where most transitions from renting

to owning occur between ages 35 and 55. Our model thus allows us to analyze the specific

drivers of the aggregate consumption response. Before doing so, we first discuss the main

patterns of this response.

4.1.1 The benchmark

In the benchmark results reported in Figure 3, we assume that there is no pass-through

of the real interest rate change to the rent-price ratio. This assumption is supported by

empirical evidence based on household-level data in Koeniger et al. (2021) who show that

monetary shocks do not pass through to rents and house prices in Germany and Italy

in the first two years after the shock. The aggregate evidence for euro-area countries by

Corsetti et al. (2018), Figure 8, also supports our assumption for the pass-through. They

find a pass-through of monetary policy shocks to rents and house prices that is modest for

the euro-area countries considered in our paper during the first year after the monetary

policy shock. We discuss further below that the extent of the pass-through determines

the size and asymmetry of the response of non-housing consumption to changes in the

interest rate.

Figure 3 shows the response of non-housing consumption for a specific path of the

interest rate chosen for illustrative purposes, where the real interest decreases by 25 ba-

sis points for two years and then increases back to its initial value. The duration of the
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Figure 3: Unexpected fall of the real interest rate from 0.5% to 0.25% reversed after two
years, without pass-through to the rent-to-price ratio

interest rate change is inspired by evidence of Corsetti et al. (2021) who report in their

Figure 4 that the effect of monetary policy shocks on interest rates lasts for approximately

two years. In the experiments we assume that households expect, at the time of the initial

change, that the interest rate will switch back to its initial level with a probability that im-

plies an expected duration of two years. We show the consumption response for the case

in which the realized reversal of the interest rate occurs at the point in time corresponding

to the expected duration after the initial change.26 In order to analyze the role of expec-

tations about the persistence of the change, below we also report results for different time

durations of the interest rate decrease.

Figure 3 shows that a fall in the real interest rate by 25 basis points (bp), that is re-

versed after two years, increases non-housing consumption on impact between 34 bp in

Germany, 38 bp in France and 43 bp in Italy and Spain. The size of the consumption re-

sponses illustrated in Figure 3 is in the ballpark of the empirical estimate for the aggregate

consumption response to a monetary-policy shock of 25 basis points after one year in the

euro area, as in recent evidence reported in Figures 4 and 6 of Corsetti et al. (2021), based

on high-frequency identification of monetary policy shocks. The consumption responses

26The interest rate change is implemented as an MIT shock, introducing a new regime. The transition
matrix in the new regime contains the conditional probabilities of the interest rate switching back to its
initial level and the complementary event of a low interest rate for another period.
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generated by our model are well within the confidence interval of estimates reported in

Corsetti et al. (2021). Their country-specific point estimates are a bit smaller, which is

to be expected because we compute the consumption response to changes of the real in-

terest rate whereas Corsetti et al. (2021) estimate the consumption response to changes

of the nominal rate, and only part of the change of the nominal rate translates into a

change of the real rate. In line with Corsetti et al. (2021), Figure 6, we find that the con-

sumption response is largest in Spain and smallest in Germany. The larger quantitative

differences in the responses across countries in Corsetti et al. (2021) suggest that there are

additional channels through which monetary-policy shocks affect consumption beyond

the changes in the real rate captured in our model. We will comment on the dynamics

of the consumption responses, visible in Figure 3, after the following discussion of the

disaggregated consumption responses on impact.

Disaggregating the consumption response

In order to understand the mechanisms behind the aggregate results we analyze the

heterogeneity of individual responses on impact, which is underlying the aggregate re-

sponses. For instance, some households may increase their housing stock after the fall

of the interest rate and reduce their non-housing consumption. Other households may

simply react by increasing non-housing consumption.

Table 4 illustrates some of the heterogeneity in the consumption responses on impact

after the fall of the interest rate for Germany, focusing on observable group characteristics

at the time of the shock that have received interest in empirical analyses of consumption

responses for the U.S. or U.K. by Cloyne et al. (2020) or Wong (2019), for example. The

results for the other euro-area countries considered are qualitatively similar in many re-

spects, as presented in the corresponding tables in Appendix E.2. Those aspects that differ

significantly across countries are highlighted in the following along with the discussion

of results for Germany.

Table 4 shows that consumers above age 45 or in the top half of the net-worth distri-

bution contribute most to the positive aggregate consumption response after a decrease

in the interest rate.27 The consumption response up to the 75-th percentile of the net-

worth distribution in Table 4 is determined by the incidence of renters, who have lower

consumption responses (in particular those becoming homeowners). In Germany, where

renting is more common, the consumption responses thus increase between the third and

fourth quartile of the net-worth distribution. Tables 10 to 12 in Appendix E.2 show that in

27Note that the contribution to the aggregate consumption response by households in the top percentiles
of the net-worth distribution is smaller than in an economy with complete markets. As pointed out by
Kaplan et al. (2018), p. 701, high liquid wealth households do not react much to an interest-rate cut due to
uninsurable income shocks and possibly binding liquidity constraints in the future.
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Consumption Consumption Contribution of
response Share share group to aggregate

Group of group of group of group consumption response
Aggregate response on impact = 0.0034

Composition of impact response across age groups
Ages 25− 34 0.0031 0.16 0.18 0.0005
Ages 35− 44 0.0020 0.20 0.23 0.0004
Ages 45− 54 0.0028 0.25 0.26 0.0007
Ages 55− 64 0.0044 0.19 0.18 0.0008
Ages 65− 74 0.0054 0.18 0.14 0.0008

Composition of impact response across net-worth distribution
Percentiles 0− 25 0.0028 0.25 0.18 0.0005
Percentiles 25− 50 0.0027 0.25 0.23 0.0006
Percentiles 50− 75 0.0019 0.25 0.24 0.0005
Percentiles 75− 90 0.0052 0.15 0.18 0.0009
Percentiles 90− 95 0.0054 0.05 0.07 0.0004
Percentiles 95− 99 0.0048 0.04 0.07 0.0003
Percentiles 99− 99.9 0.0045 0.009 0.022 0.0001
Percentiles 99.9− 100 0.0029 0.001 0.006 0.0000

Composition of impact response across housing-tenure types
Homeowners 0.0056 0.47 0.53 0.0030
... with positive assets 0.0051 0.28 0.34 0.0018
... with non-positive assets 0.0065 0.19 0.19 0.0012
Renters 0.0008 0.53 0.47 0.0004
... with positive assets 0.0006 0.35 0.35 0.0002
... with non-positive assets 0.0015 0.18 0.12 0.0002

Table 4: Germany: heterogeneity of the (non-housing) consumption response across
households. Notes: response on impact after an unexpected fall of the real interest rate
from 0.5% to 0.25% reversed after two years, without pass-through to the rent-to-price ra-
tio. In the middle panel of the table, group membership is based on state variables prior to
the shock that determine the position in the net-worth distribution. In the bottom panel
of the table, group membership is determined by chosen asset positions at the time of the
shock that are associated with the housing tenure choice.
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Figure 4: Consumption Figure 5: Housing rental rate
Notes: Life-cycle profiles for Germany. Population means based on model simulations. Dots denote the
age at which the respective cohort is hit by the decrease of the interest rate.

Figure 6: Housing wealth Figure 7: Financial assets
Notes: Life-cycle profiles for Germany. Population means based on model simulations. Dots denote the
age at which the respective cohort is hit by the decrease of the interest rate.

France and Italy this occurs between the second and third quartile, and in Spain between

the first and second quartile.

Age matters for the consumption response not only because young agents have a longer

horizon but also because their asset positions vary with age. For example, the income

effect on consumption after a fall in the real interest rate is positive for a borrower and

negative for a saver, and younger agents borrow more on average. Indeed, the bottom

panel of the table shows in the first column that the consumption response of homeowners

is higher and particularly so if they are indebted.

The strong consumption response of indebted homeowners is similar to the empirical

evidence of Cloyne et al. (2020) for the U.K and the U.S. A difference in Germany com-

pared to these countries is that indebted homeowners account for a much smaller share
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of aggregate consumption, as reported in the third column of Table 4. Hence, the contri-

bution of the response of indebted homeowners to the aggregate consumption response

is not as large as in other (euro-area) countries with larger homeownership rates. Column

4 in the table shows that indebted homeowners account for an aggregate increase in con-

sumption of 0.12%, compared to the aggregate response of 0.34%. Appendix E.2 shows

that, among the considered euro-area countries, the contribution of indebted homeown-

ers to the aggregate consumption response is largest in Spain. Indebted homeowners in

Spain account for 33% of the population, for 30% of consumption and thus they account

for an approximately twice as large consumption increase after the fall of the interest rate

compared to indebted homeowners in Germany.

The bottom panel of Table 4 further shows that renters contribute little to the aggre-

gate consumption response, in Germany where the incidence of renting is largest and, as

shown in Appendix E.2, also in the other considered euro-area countries. The consump-

tion response of indebted renters is larger than the consumption response of renters with

positive assets but their population share and consumption share is smaller.

Figures 4 to 7 illustrate the heterogeneity of the responses over the life cycle for Ger-

many (illustrations for the other countries are qualitatively similar). The figures plot the

life cycle profiles for selected cohorts which are hit by the unexpected decrease of the

interest rate at different stages of the life cycle. The figures show that the consumption

response is larger for agents that are older at the time of the shock. A larger proportion of

these households are homeowners.

Instead of pronounced consumption responses, younger age groups show stronger

responses with respect to another margin of adjustment considered in our framework,

namely changes in housing tenure from renting to owning. Significant household portfo-

lio adjustments occur for ages between 35 and 55.

Dynamics of the aggregate consumption response

Beyond the previously discussed responses on impact, Figure 3 delivers further interest-

ing insights for the dynamics of aggregate consumption. The consumption response is

largest on impact and then decreases because the real rate is expected to switch back to

its initial level. As the interest rate remains below its initial level for a longer time, the

additional consumption and the shift towards housing wealth reduce other wealth (the

financial assets in our model). The lower interest rate also reduces capital income for

consumers with financial assets. For both reasons, the increase of consumption becomes

smaller.28 After year 2, when the interest rate increases back to its initial level, consump-

28The drop of financial assets is illustrated in the life-cycle patterns of Figure 7 above. The drop in
financial assets also occurs because of changes in housing tenure from renting to owning, which mostly
happen on impact after the initial decrease of the real interest rate.

26



tion falls below its initial level for the following reasons. Firstly, aggregate consumption

decreases as the portfolio shifts back towards financial assets, in line with the life-cycle

patterns illustrated in Figures 6 and 7. Secondly, as we will show below when analyzing

the direction of the shock, an interest rate increase has a stronger effect on consumption

than an interest rate decrease. The fall of aggregate consumption below its initial level

worsens the trade-off for stabilization using monetary policy: current increases of con-

sumption after an expansionary reduction of the interest rate come at the cost of larger

consumption reductions in the future once the interest rates reverts to its initial level.

As visible in Figure 3, it takes time for non-housing consumption to return to its initial

level after the interest rate has done so. We thus find that there is a persistent slump in

non-housing consumption when a period with a low real interest rate comes to an end.

Asymmetries of consumption responses, depending on the direction of the shock

Figure 13 in Appendix E.1.1 shows the consumption response after a change of the real

interest rate of opposite sign. The consumption response after an increase of the real inter-

est rate by 25 bp (reversed after two years, without pass-through to the rent-price ratio

as in the benchmark) on impact is 9 bp larger for Germany in absolute terms than the

consumption response to the interest-rate decrease illustrated in Figure 3, implying an

increase of the absolute size of the response by 26%. The absolute size of the response

increases even more by 11 bp for France whereas the increase is smaller for Italy (8 bp)

and Spain (5 bp).

Inspecting the responses for each housing-tenure group reveals that the asymmetric

responses to changes of interest rate with opposite sign, and the different extent of these

asymmetric responses across countries, are caused by housing tenure transitions from

renting to owning. An interest rate decrease triggers additional housing tenure transi-

tions from renting to owning on impact. The temporarily lower interest rate reduces the

user cost of owning, whereas the rent-price ratio remains constant in the benchmark case

without pass-through. Hence, renters at the margin of purchasing a home take advantage

of the reduced user cost by transiting to ownership. Given this transition to home own-

ership and the adjustment costs, we find that these agents lower their expenditures for

non-housing consumption after an interest rate reduction.

We find that the consumption response of agents that do not change housing tenure

after the shock is quantitatively symmetric after an interest rate increase or decrease. In-

stead, there are much less housing tenure transitions from renting to owning after an

interest rate increase. In this case, some renters at the margin of purchasing a home post-

pone their home purchase until the temporarily higher interest rate falls back to its initial

level. The asymmetry of the consumption response is thus caused by renters becoming
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owners after a decrease in the interest rate which dampens the positive consumption re-

sponse.

As a rule of thumb, we find that the size of this asymmetry in the aggregate consump-

tion response can be approximately determined by relying on the fraction of the agents

changing from renting to owning, in the following way: The difference in the consump-

tion response for this group resulting from their change of housing tenure needs to be

multiplied by their share in the population.

We find that this asymmetry is larger in Germany and France than in Italy and Spain

because in the former countries fewer agents are homeowners in the early stages of their

life cycle. This implies that interest rate changes meet the high potential of transitions to

ownership between ages 35 and 55 visible in Figure 5.29

In the benchmark case considered above, a decrease in the interest rate affects housing

tenure transitions significantly because there is no pass-through to the rent-price ratio,

which—according to the previously mentioned rule of thumb—amplifies the asymmetric

responses of aggregate consumption. In the following we analyze how the degree of pass-

through shapes the responses to interest rate changes.

4.1.2 The role of the pass-through of interest rates to the rent-price ratio

Figure 14 in Appendix E.1.2 shows the consumption responses if we assume that there

is full pass-through from the interest rate to the rent-price ratio. The responses then are

larger than in the benchmark and the response is largest in France and smallest in Spain,

which is at odds with the empirical evidence reported in Figure 6 of Corsetti et al. (2021).

Our comparison of results between the benchmark case and the case with full pass-

through shows that the responses of non-housing consumption to changes in the interest

rate are sensitive to assumptions about the transmission of monetary policy to the housing

market. We find that our benchmark assumption of no pass-through to the rent-price

ratio aligns the model predictions for the size and cross-country heterogeneity of the non-

housing consumption response better with the data.

With full pass-through also the effects of monetary policy on rental expenditures and

portfolio choices change substantially relative to the benchmark. Results that are not

reported for brevity show that the effect of the decrease in the real interest rate on house-

hold portfolios and the rental rate is small in this case. As we will discuss in the following,

these predictions implied by the case with full pass-through would be at odds with em-

pirical evidence on monetary policy transmission to the housing market in the short to

29In this discussion we focus on owner occupiers. The agents selling the real estate to them may be
investors for whom such a transaction amounts to a portfolio reshuffle within asset categories consolidated
in other wealth in our model. Hence, the quantitative modifications to the aggregate consumption responses
reported in the paper would likely be small if we considered these sellers explicitly.
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medium term.

Without pass-through to the rent-price ratio, as in our benchmark experiment, the

model predicts a temporary increase of the homeownership rate after an unexpected de-

crease of the interest rate that is in line with empirical evidence which exists for some of

the considered countries. For Germany, the model predicts a temporary increase of the

homeownership rate by 3 pp, which is in the ballpark of the empirical estimate for Ger-

many of 2 pp in Koeniger et al. (2021) considering that the empirical estimate considers a

25 bp decrease of the nominal interest rate and changes of the nominal rate pass through to

the real interest rate less than fully. To put the size of the effect of the interest rate change

on the home ownership rate into perspective, note that the standard deviation of a policy

interest rate shock in the euro area is 7 bp in the 2000s so that the typical monetary policy

shock is much smaller than 25 bp (Koeniger et al., 2021). For Italy, the model predicts

a temporary increase of the homeownership rate that is 0.5 pp smaller than in Germany,

broadly in line with the smaller effect estimated for Italy in Koeniger et al. (2021).30

4.1.3 The duration of the interest rate regime affected by forward guidance

We explore for the benchmark case without pass-through to the rent-price ratio how for-

ward guidance modifies the consumption responses by anchoring expectations of house-

holds about interest rates. In the first experiment, forward guidance affects the (expected)

persistence of an interest rate change. In the experiment we consider, it implies that

agents expect the interest rate to remain lower for longer. In the second experiment, for-

ward guidance anchors expectations for an interest increase at different time horizons in

the future. This experiment seems particularly relevant for the current monetary policy

discussion about the timing for exiting an interest rate regime with a low policy interest

rate. In both experiments, we focus on the consumption response on impact which is in-

dependent of additional assumptions on the further realized path of interest rates after

the initial change.31

Anchoring expectations on interest rates that remain lower for longer

The first experiment illustrates that forward guidance may increase the consumption re-

sponse on impact by anchoring expectations of households on interest rates that stay lower

for longer. Figure 8 shows that the consumption response is stronger, as one would ex-

pect, the more persistent the decrease in the interest rate is expected to be. The effect of

30Empirically, Koeniger et al. (2021) find that the response to monetary policy shocks is heterogeneous
within Italy where the transition from renting to owning is affected more in Northern regions that have
been characterized as more financially developed in the literature (Guiso et al., 2004).

31The probabilistic nature of interest rate changes makes the problem stationary across cohorts which
simplifies the analysis compared with considering deterministic interest rate paths.
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Figure 8: Impact consumption response as a function of the expected duration of the
regime of low-interest rate environment (interest rate decrease of 25 bp)

more persistent interest rate changes on consumption is positive but the marginal effect

of such a longer expected duration is diminishing. Figure 8 shows that the consumption

response on impact is concave in the years that the interest change is expected to last. For

Germany, for example, reverting the shock after two years instead of one year increases

the impact consumption response by 9 bp (thus increasing the impact consumption re-

sponse by 36%), whereas an additional year after 8 years only increases the consumption

response by about half that amount (4 bp).32 The cumulative consumption response, of

course, trivially becomes larger if the decrease in the interest rate lasts for a longer time

span.

Figure 8 further shows that the cross-country differences in the consumption response

(on impact) become larger if the decrease of the interest rate is expected to be more per-

sistent. The results show that a decrease of the interest rate, which is expected to last for

two years as in the benchmark, implies that the consumption responses differ across the

32Results, not reported for brevity, show that the effect of more persistent interest rate changes on home
purchases is positive but the marginal effect of such a longer expected duration is diminishing. This is
closely related to the insight by McKay and Wieland (2021a) that current decreases in the user cost have a
stronger effect on durable purchases (housing in our model) than future decreases. The difference in our
model with housing and a rental option is that this depends on the pass-through of the interest rate change
to the rent-price ratio. Home purchases and the transition from renting to owning increase after a decrease
in the interest rate if the relative cost of owning decreases, as in the empirically plausible benchmark case
without pass-through.
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Figure 9: Impact consumption response as a function of the expected time span in years
between the announcement and the increase of the interest rate by 25 bp.
Note: The change of the interest rate is expected to last for two years, as in the benchmark.

considered countries by as much as 9.6 bp. This extent of cross-country heterogeneity

reduces to 5.5 bp if we assume that the regime with the lower interest rate is expected to

last for only one year.

Anchoring expectations about the timing of a future interest rate increase

The second experiment illustrates that the effect of an announced interest rate increase

implies a smaller consumption slump on impact if the announced increase is expected

to take place further in the future.33 Figure 9 shows that the consumption response on

impact decreases by about 10% if the interest rate is announced to increase in the expected

time span of two years rather than of one year. This confirms results of McKay et al. (2016)

for models with precautionary savings and borrowing constraints, albeit in a life-cycle

setting with housing in this paper.

Figure 9 illustrates once more the substantial cross-country heterogeneity in the con-

sumption responses, which is thus a robust finding in our analysis. Note that the size

of the consumption responses in Figure 9 for the second experiment is also affected by

the uncertainty about whether the interest increase will indeed take place in the future.

33If we consider a decrease of the interest rate, the results are qualitatively similar but smaller (in absolute
terms) because of the asymmetry discussed previously.
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Thus, the difference between the impact response in this experiment and the response in

the experiment with a current increase of interest rate in Figure 13, Appendix E.1.1 de-

pends both on the timing of the interest rate increase and the uncertainty about the future

increase. As is intuitive, the size of the impact consumption response is smaller in Figure

9 than in Figure 13. Overall, the findings for the second experiment highlight the policy

trade-off for a central bank to mitigate the drop in consumption, by announcing the in-

crease of the interest rate well ahead of the actual implementation, at the cost of shifting

the drop in consumption from the future to the present.

4.1.4 Discussion

How robust is the heterogeneity in the consumption responses across countries if we re-

strict the pass-through of changes in the policy rate to the interest rate of mortgage loans?

We use our results on the disaggregated consumption responses of households with differ-

ent portfolios to check the relevance of the assumption that borrowing households benefit

from a decline in the interest rate. This assumption is natural for Italy and Spain where

households have options to refinance mortgage loans at little cost or many mortgage con-

tracts have variable interest rates. In France and Germany instead, most households have

mortgage contracts with fixed rates and have to make penalty payments when they refi-

nance their mortgage (see ECB (2009), Calza et al. (2013) and Jappelli and Scognamiglio

(2018)).

The quantitative importance of these differences in mortgage finance across countries

for the reported consumption responses is not obvious. The higher incidence of fixed-rate

mortgages together with the higher cost of refinancing may dampen the response of (non-

housing) consumption in France and Germany relative to Italy and Spain and thus may

further increase the cross-country heterogeneity in consumption responses to changes

in the real interest rate. As a rough check of this conjecture, we compute the aggregate

consumption response under the assumption that the consumption response of borrowing

homeowners is zero in Germany and France because of fixed-rate mortgage contracts and

large penalty payments for refinancing. This adjustment likely provides an upper bound

for the reduction of the consumption response in these countries because we do not only

eliminate the income effect but also the substitution effect of the reduction of the interest

rate, which both increase consumption in the group of borrowers, and any further effects,

possibly due to precautionary savings and the occasionally binding collateral constraint.

The bottom panel of Table 4 shows that the consumption response of homeowners with

debt accounts for 12 basis points of the aggregate response in Germany. Abstracting from

the consumption response of indebted homeowners hence reduces the consumption re-

sponse on impact from 0.34% to 0.22% in Germany and, analogously based on the results
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reported in Table 10 of Appendix E.2, from 0.37% to 0.24% in France, thus increasing the

difference to the consumption responses in Italy and Spain.34

We find substantial heterogeneity in the direct effect of changes in the interest rate

on consumption across the four euro-area countries. It would be interesting in further

research to nest the analysis of the consumption responses in a framework which allows

for general equilibrium effects through the labor market or fiscal policy, as emphasized by

Kaplan et al. (2018). Results by Blomhoff Holm et al. (2021), based on detailed adminis-

trative household-level data in Norway, show that the direct effect of interest rate changes

on consumption dominates the indirect general equilibrium effect over a horizon of two

years after the shock. This suggests that the general equilibrium effect takes time and that

the direct effect of interest rate changes shapes the consumption response over shorter

horizons after monetary policy shocks, which are the main focus in our paper. National

peculiarities in labor market institutions and in the conduct of fiscal policy across euro-

area countries suggest that the general equilibrium effects and their timing may well be

additional sources of cross-country heterogeneity in the transmission of real-interest rate

changes to consumption.

4.2 Consumption response to a fall in the house price

The current environment of persistently low interest rates has raised concerns about a

looming house price correction once interest rates increase back to higher levels. We

thus analyze the effect of a house price correction on consumption in this subsection and

the heterogeneity of the effect across the considered euro-area countries with different

homeownership rates.

Figure 10 shows the non-housing consumption responses after a drop in house prices.

We illustrate the responses for a scenario, in which house prices drop by 10% and this

drop is reversed in two steps within four years. The house-price changes are implemented

as a sequence of MIT shocks, i.e., unanticipated and supposedly permanent changes. The

responses are intuitively larger in those countries in which home ownership rates are

higher. Non-housing consumption on impact falls by 1.70% in Spain, 1.51% in Italy,

1.13% in France and 1.15% in Germany.35 These responses imply elasticities of consump-

tion to house price changes between 0.11 for Germany and France and 0.15−0.17 for Italy

34In further research it would be desirable to check the robustness of this result if we modeled fixed-rate
and variable-rate mortgage contracts explicitly to account for changes in consumer behavior. This extension
is non-trivial because it would require additional state variables in the problem. Simplifying the analysis
by reducing the heterogeneity of agents to three types, Corsetti et al. (2021) find that the different incidence
of fixed and adjustable-rate mortgages in the euro area plays a quantitatively modest role for consumption
responses to monetary policy shocks.

35The overshooting of consumption after the relative price for housing has returned to its initial level
results from accumulation of cheaper housing during the period with a lower relative price which allows
agents to afford more non-housing consumption.
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Figure 10: Unexpected fall of the relative house price by 10%, reversed in two steps within
4 years

and Spain. The higher homeownership rates in Italy and Spain, relative to Germany and

France, are more similar to the homeownership rate in the U.S., and so are the elasticities

of consumption in response to a house price change.36

Figure 15 in Appendix E.3.1 shows that the magnitude (in absolute terms) of the con-

sumption response to house price changes does not depend much on the sign of the price

change. This is in line with the moderate leverage on average in the considered euro-area

countries so that the incidence of collateral constraints does not matter much quantita-

tively for the aggregate consumption responses. After a 10% house-price increase, con-

sumption increases by 1.08% and 1.05% respectively in Germany and France, by 1.38%

in Italy and 1.47% in Spain.

Our model allows us to investigate the heterogeneity of consumption responses across

households. We find that changes in house prices affect consumers quite differently de-

pending on their age and portfolio positions. Table 5 illustrates the heterogeneity for

36The model-implied elasticities for Italy and Spain are of similar size as the upper end of the range of
estimates for the U.S. reported in Guren et al. (2021) and are a bit below 0.2, the model-based estimate for
the U.S. in Kaplan et al. (2020b). Recent empirical evidence by Lennartz (2021) exploits household-level
variation in house prices and consumption and suggests that the average elasticity of consumption with
respect to house price changes across Italian households is lower than in the U.S. because Italian households
are less leveraged. The point estimates in Lennartz (2021) imply an elasticity of 0.05−0.1 for the time period
1987 − 2016 and are thus somewhat lower than the predictions of our model which is calibrated to match
statistics observed in the HFCS towards the end of that sample period.
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Consumption Consumption Contribution of
response Share share group to aggregate

Group of group of group of group consumption response
Aggregate response on impact = −0.0115

Composition of impact response across age groups
Ages 25− 34 -0.0031 0.16 0.18 -0.0006
Ages 35− 44 -0.0054 0.20 0.23 -0.0012
Ages 45− 54 -0.0114 0.25 0.26 -0.0030
Ages 55− 64 -0.0180 0.19 0.18 -0.0032
Ages 65− 74 -0.0219 0.18 0.14 -0.0031

Composition of impact response across net-worth distribution
Percentiles 0− 25 0.0000 0.25 0.18 0.0000
Percentiles 25− 50 -0.0007 0.25 0.23 -0.0002
Percentiles 50− 75 -0.0130 0.25 0.24 -0.0031
Percentiles 75− 90 -0.0218 0.15 0.18 -0.0039
Percentiles 90− 95 -0.0245 0.05 0.07 -0.0018
Percentiles 95− 99 -0.0255 0.04 0.07 -0.0018
Percentiles 99− 99.9 -0.0258 0.009 0.022 -0.0006
Percentiles 99.9− 100 -0.0306 0.001 0.006 -0.0002

Composition of impact response across financial positions of homeowners
Homeowners -0.0216 0.47 0.53 -0.0115
... with positive assets -0.0238 0.28 0.34 -0.0082
... with non-positive assets -0.0176 0.19 0.19 -0.0033

Table 5: Germany: heterogeneity of the (non-housing) consumption response across
households. Notes: response on impact after an unexpected fall of the relative house
price by 10%. In the middle panel of the table, group membership is based on state vari-
ables prior to the shock that determine the position in the net-worth distribution. In the
bottom panel of the table, group membership is determined by chosen asset positions at
the time of the shock that are associated with the housing tenure choice.
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Germany. Appendix E.4 contains the results for the other countries and we will refer to

the main differences in the findings across countries below.

Table 5 shows that non-housing consumption of older households decreases relatively

more after a drop in house prices because more of these households own housing, and

conditional on ownership their housing stock is larger. Agents with ages between 45 and

64 account for 44% of aggregate consumption and the consumption responses of this age

group contribute more than half of the aggregate consumption response. In Appendix E.4

we show that this pattern is similar for France while for Italy and Spain households aged

35− 44 contribute more to the aggregate consumption response because of the relatively

higher homeownership rate in this age group.

Table 5 further shows that, for Germany, the consumption response increases across

percentiles in the top half of the net-worth distribution. Because housing wealth and its

ownership is concentrated among wealthier households, the top half of the distribution

also accounts for most of the aggregate consumption response. Appendix E.4 shows that

this is quantitatively less so in Italy and Spain where housing wealth is less concentrated.

The bottom panel of Table 5 shows that homeowners with debt or zero other wealth

in Germany have a smaller consumption response than homeowners with positive finan-

cial assets because they own smaller homes which more than offsets their larger marginal

propensity to consume for their response to the fall in the house price. They account for

less of the aggregate consumption response because their share of aggregate consumption

is smaller. Appendix E.4 shows that this pattern is similar for France and Italy and quan-

titatively less so in Spain where homeowners with debt or zero other wealth account for

a third of aggregate consumption. Note that the consumption response of homeowners

to house price changes equals the aggregate consumption response because the experi-

ment we consider abstracts from equilibrium feedback effects on renters from house-price

changes.37 The extensive margin of home ownership is thus particularly important to un-

derstand the aggregate consumption response to house price changes.

Our findings show that the consumption response to house price changes is largest in

Spain and Italy where housing is quantitatively more important for household portfolios

relative to France and Germany. This result aligns with the rule of thumb proposed by

Berger et al. (2018a). The rule of thumb is based on the consumption response in a fric-

tionless model which nests the preferences in our model and shares the specification of

the collateral constraint. In this case, the consumption response to house price changes

is determined by the endowment effect, while the substitution, income and collateral-

constraint effects cancel. Another effect identified by Guerrieri et al. (2020) is that the

37If the price drop caused the rent-price ratio to increase instead, the negative consumption responses
would be amplified (in absolute terms). For an analysis of such a scenario with constant rents after the
house-price drop, see the working paper version (Hintermaier and Koeniger, 2019).
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consumption slump after a house price drop may be persistent because housing also pro-

vides self insurance against shocks.

Challenges for monetary policy implied by asymmetric effects of a housing bust

Our results on the consumption responses to changes of real interest rates and relative

house prices illustrate policy challenges for a central bank which faces regionally asym-

metric consumption responses after a housing bust and sets a common policy interest rate

within the currency area.

Consider a central bank which tries to mitigate the consumption slump after a housing

bust with accommodative monetary policy. As discussed before when presenting Figure

10, the consumption response on impact after a fall in relative house prices by 10% differs

by 55 bp across the considered euro-area countries. The consumption response is larger

in Italy and Spain than in Germany and France because the homeownership rate is higher

in Italy and Spain and the size of housing in household portfolios is larger. Quantitatively,

we find that the cross-country asymmetry of the consumption response in a housing bust

is only partially compensated by the stronger response of consumption to a decrease in

the real interest rate in Spain and Italy compared with Germany and France, illustrated

in Figure 3. The consumption response after a 25 bp decrease of the real interest rate is

9 bp larger in Italy and Spain than in Germany and 5 bp larger than in France. In a low-

interest-rate environment, such as the current one, the policy space is limited for reducing

the real rate much further. Our results indicate that such policy limitations may make it

particularly challenging to stabilize consumption after housing busts in countries with

high homeownership rates, such as Italy and Spain. These challenges may intensify if

housing busts are heterogeneous across countries. In the Great Recession and subsequent

sovereign debt crisis house prices fell more than 10 % in Italy and Spain and less in France

and Germany.38

4.3 The role of differences in household finances

We now try to uncover the role of differences in the composition of household balance

sheets for the heterogeneous consumption responses in more detail. In Table 6 we dis-

entangle the effects on consumption responses resulting from observed country-specific

household balance sheets (state variables in the model) and country-specific financial de-

cision making of households (policy functions affected by the model environment). We

compare the consumption response (on impact), presented in subsections 4.1 and 4.2,

38See the deflated house-price index for 2006 to 2016 available at Eurostat. For a further discussion of
results with asymmetric house-price shocks see the working paper version, subsection 4.3 (Hintermaier and
Koeniger, 2019).
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with the consumption response that would obtain if, at the time of the shock, households

in France, Italy and Spain had the same distribution of household finances as in Germany,

conditional on age.39

Table 6 shows that the responses to a fall in the real interest rate (top panel) and

the house price (bottom panel) would become smaller in absolute value if households

in France, Italy and Spain had the German distribution of household finances. This is

intuitive given that there are less homeowners in Germany and homeowners have higher

consumption responses.

When considering the consumption responses for a given distribution of household fi-

nances at the time of the shock, cross-country asymmetries in the consumption responses

to a fall in the real interest rate for France, Italy and Germany are reduced, as shown in

the top panel of Table 6. The consumption response for Spain decreases most if we as-

sign the German distribution of household balance sheets because the difference between

the incidence of renters is largest between Germany and Spain and the consumption re-

sponse of renters to changes in the real interest rate is much smaller than for homeowners.

The smaller consumption response in Spain than in Germany, for a given distribution of

household finances, illustrates that differences in household balance sheets may offset

some of the heterogeneity across these two countries which would otherwise result just

from differences in the financial decision making.

The bottom panel of Table 6 shows that neutralizing any effects from differences in

household finances makes the consumption response to a fall in the relative house price

less asymmetric across Germany, Italy and Spain. The consumption responses for France,

Italy and Spain decrease below the response for Germany. In line with the endowment

effect, which is captured by the rule of thumb for the consumption response to changes in

house prices in Berger et al. (2018a), the decrease of the consumption response is stronger

in countries which differ more from Germany in terms of the size of housing in the port-

folio. Given that the homeownership rate is lowest in Germany among the considered

countries, the cross-country differences in home ownership imply that the consumption

response decreases most for Spain, and more for Italy than for France, if households in

these countries are assigned the German household finances at the time of the shock.

The findings in Table 6 show that pre-existing differences in household financial posi-

39 We obtain the aggregate response of consumption attributable to the interest rate or house price change
by applying the differences-in-differences technique. Given that we impose the German steady-state distri-
bution of household finances on France, Italy and Spain, these economies converge back to their respective
steady state, causing dynamic changes in consumption even without any price changes. To account for this
additional effect, we construct a control group of consumers in France, Italy and Spain that start with the
German distribution of household finances and that are not exposed to a change of the interest rate or the
house price. We construct a treatment group of consumers in France, Italy and Spain that start with the Ger-
man distribution of household finances and that are exposed to the price changes. We report the difference
of the impact response between the treatment and control group.
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Responses to decrease of the real interest rate from 0.5% to 0.25%

Germany France Italy Spain

Benchmark responses 0.0034 0.0038 0.0043 0.0043

Responses with German
distribution of household finances 0.0034 0.0033 0.0030 0.0019

Responses to decrease of the house price by 10%

Germany France Italy Spain

Benchmark responses -0.0115 -0.0113 -0.0151 -0.0170

Responses with German
distribution of household finances -0.0115 -0.0071 -0.0086 -0.0084

Table 6: Consumption responses on impact and differences in household finances
Notes: The responses with the German distribution of household finances contain the part of the
response attributable to the change of the interest rate or house price. See footnote 39.

tions can explain why consumption responses to changes in the real interest rate or rela-

tive house prices are larger in Italy and Spain than in France and Germany. Our results

also show that the pre-existing differences in household portfolios are not the entire story.

Heterogeneous household decisions after a shock explain the other part of cross-country

differences. That is, not only differences in the state variables matter for the different con-

sumption responses but also differences in the policy functions. These policy functions

for the consumption and portfolio decisions are determined by the country-specific envi-

ronment, augmenting the importance of household finances in shaping the transmission

of price shocks to consumption across euro-area countries.

5 Conclusion

We have applied a life-cycle incomplete-markets model with owned and rented housing

and collateralized debt to capture key dimensions of heterogeneity in household finances

in the four largest euro-area countries: France, Germany, Italy and Spain. The aggregate

consumption responses generated by the model have revealed sizable differences in the

transmission from changes in the real interest rate and house prices to consumption across
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these countries, which differ in their pension and tax systems, income risk, and fees on

real estate transactions. Within countries, we have identified which population groups

in terms of ages, housing tenure and asset positions quantitatively contribute most to the

aggregate consumption response.

We have shown that pre-existing differences in household financial positions can ex-

plain why consumption responses to changes in the real interest rate or relative house

prices are larger in Italy and Spain than in France and Germany. Because some of the

effects are explained by differences in household financial decisions, that depend on the

country-specific environment, our findings underline the importance of a structural ap-

proach of modeling financial decisions of heterogeneous households when analyzing the

transmission mechanism of monetary policy.

From a conceptual point of view, the structural life-cycle model we employ features

discrete decisions on home ownership and adjustment of owned housing, a borrowing

spread and continuous portfolio choices. With an appropriately designed solution method,

this allows us to avoid restrictions on the utility value of housing to positions on a coarse,

discrete grid as in much of the literature. Instead we capture the portfolio positions accu-

rately, which is important for computing the implied consumption responses.

The analysis of the consumption responses has revealed that the model predicts em-

pirically plausible cross-country differences in the impact responses of consumption and

housing tenure to interest rate changes if, in line with empirical evidence, there is no im-

mediate pass-through of the interest rate to the rent-price ratio in the housing market.

We find that the transitions in housing tenure after interest rate changes then give rise to

asymmetries in the consumption response to interest rate changes of opposite sign.

Besides discovering these interactions between consumption responses and the trans-

mission of monetary policy to the housing market, we have used our calibrated model to

perform policy-relevant experiments. We have illustrated the quantitative effect on the

consumption responses if interest rates are expected to stay lower for longer. We have

pointed out a policy trade-off. If regimes with low interest rates are brought to an end,

the resulting consumption slump may be smaller and sooner or larger and later. We have

illustrated challenges for monetary policy resulting from asymmetric effects of housing

busts in an environment with low interest rates.

The heterogeneity of consumption responses across and within countries, which we

find in our analysis, illustrates the limits for what uniform monetary policy in the euro

area can achieve. Our results suggest that country-specific fiscal policy through national

taxes or within-country transfers may be useful complementary policy instruments if pol-

icy makers want to mitigate not only the asymmetric effects of monetary policy across

countries but also the distributional effects across consumers with different ages, housing

tenure and asset positions that we find for each of the analyzed euro-area countries.
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A Recursive solution

This appendix relies on the description of the model presented in Section 2 and explains

its solution based on the recursive formulation.

First we normalize the household problem such that the price level pt does not enter

as a separate state variable. We define price-transformed variables in the following way.

s̄j = pt ŝj ,

hj+1 = ptĥj+1,

fj = pt f̂j .

The normalization uses the assumption of a constant price-growth factor

Π =
pt
pt−1

.

Normalizing the utility function

In terms of price-transformed units, s̄j = pt ŝj , the utility function is expressed as

u(cj , ŝj) = θ logcj + (1−θ) log
(

1
pt
pt ŝj

)
= θ logcj + (1−θ) log

(
s̄j
)
− (1−θ) logpt.

Therefore, utility is equivalently described by

U (cj , s̄j) = θ logcj + (1−θ) log
(
s̄j
)

Resources relevant for bequests contain the term pt+1ĥj+1, which can be expressed as

Πhj+1. Given the separability in discounted expected life-cycle utility, the normalization

extends to the forward-looking objective of the household.

In the following we are going to show that, for any possible discrete choice dj , also the

constraint sets can equivalently be expressed in terms of price-transformed variables.

Normalizing the constraints for each discrete choice

Ownership choice, not adjusting

If the household chooses to consume housing as an owner, not adjusting the housing stock,

we code this as dj = 0. We first make precise what non-adjustment means in terms of

valued units. Non-adjustment of housing is naturally defined in terms of having the same
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physical (i.e., utility generating) quantity in two consecutive periods, meaning that

ĥj+1 = ĥj .

Multiplying by pt and using the definition of Π,

ptĥj+1 = ptĥj = pt
1
pt−1

pt−1ĥj = Πpt−1ĥj .

In terms of price-transformed units, physical non-adjustment therefore implies that

hj+1 = Πhj .

Ownership of housing implies that rented physical housing units f̂j = 0 and hence

pt f̂j = 0. Therefore

fj = 0 .

For the physical service flow in the non-adjustment case we have ŝj = φĥj , implying pt ŝj =

φptĥj , and therefore

s̄j = φΠhj .

The budget constraint is

cj + aj+1 = yj(sj) + (1 + rt−1)aj ,

and the collateral constraint (1 + rt)aj+1 ≥ −µptĥj − gy,j+1 can be expressed as

(1 + rt)aj+1 ≥ −µΠhj − gy,j+1.

Ownership choice, adjusting

If the household chooses to consume housing as an owner, adjusting the housing stock,

coded as dj = 1, f̂j = 0 implies

fj = 0 .

The physical service flow ŝj = φĥj+1 implies pt ŝj = φptĥj+1, and therefore

s̄j = φhj+1.
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The adjustment cost function can be written as

αp(ĥj , ĥj+1) = α1ptĥj +α2ptĥj+1

= α1
pt
pt−1

hj +α2hj+1

= α1Πhj +α2hj+1 .

Denoting

α(hj ,hj+1) = α1Πhj +α2hj+1 ,

the budget constraint

cj + aj+1 + ptĥj+1 +αp(ĥj , ĥj+1) = yj(sj) + (1 + rt−1)aj + ptĥj

becomes

cj + aj+1 + hj+1 +α(hj ,hj+1) = yj(sj) + (1 + rt−1)aj + pt
pt−1

pt−1
ĥj ,

which, using the price growth factor, can be written as

cj + aj+1 + hj+1 +α(hj ,hj+1) = yj(sj) + (1 + rt−1)aj +Πhj .

The collateral constraint (1 + rt)aj+1 ≥ −µptĥj+1 − gy,j+1 can be expressed as

(1 + rt)aj+1 ≥ −µhj+1 − gy,j+1.

Rental choice

If the household chooses to consume housing as a renter, coded as dj = 2, the choice of

non-ownership of housing ĥj+1 = 0 implies ptĥj+1 = 0, and therefore

hj+1 = 0 .

The physical service flow ŝj = φRf̂j implies pt ŝj = φRpt f̂j , and therefore

s̄j = φRfj .
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The adjustment cost function can be expressed as

αpR(ĥj) = α1ptĥj

= α1
pt
pt−1

hj

= α1Πhj .

Denoting

αR(hj) = α1Πhj ,

and using the rent-to-price ratio kt to express the rental price qt = ktpt, the budget con-

straint

cj + aj+1 + qt f̂j +αpR(ĥj) = yj(sj) + (1 + rt−1)aj + ptĥj

becomes

cj + aj+1 + ktpt f̂j +αR(hj) = yj(sj) + (1 + rt−1)aj + pt
pt−1

pt−1
ĥj ,

which, using fj = pt f̂j and the price growth factor, can be written as

cj + aj+1 + ktfj +αR(hj) = yj(sj) + (1 + rt−1)aj +Πhj .

The collateral constraint is

(1 + rt)aj+1 ≥ −gy,j+1.

The recursive formulation

Uncertainty in the dynamic optimization problem is captured by a Markov process, with

discrete states s ∈ S, and transition probabilities denoted by πs,s′ , such that for all s we

have that
∑
s′∈S

πs,s′ = 1. We denote the realization of the Markov state at age j by sj . Note

that in some of the experiments this Markov state represents the combination of two

sources of uncertainty: aggregate uncertainty about the evolution of the risk-free inter-

est rate and idiosyncratic (household specific) earnings uncertainty.

We first define an auxiliary state variable, which turns out to be convenient for the

solution, and rewrite all constraints using that variable. The auxiliary state variable xj ,

which may be interpreted as liquidable wealth, is defined as

xj = (1 + rt−1)aj + (1−α1)Πhj .

For the two cases (not adjusting and adjusting) of ownership choice, the budget con-
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straint is expressed in terms of the auxiliary variable as follows:

cj + aj+1 + hj+1 + 1dj=1 α(hj ,hj+1) = yj
(
sj
)

+ (1 + rt−1)aj +Πhj ,

where 1dj=1 denotes an indicator function which takes the value of 1 if an adjustment is

made and zero otherwise.

In the case of non-adjustment of housing, where the discrete choice variable is dj = 0,

and hj+1 = Πhj , we have

cj = yj
(
sj
)

+ xj − (1−α1)Πhj − aj+1.

In the case of adjustment of housing, where the discrete choice variable is dj = 1, we

have

cj = yj
(
sj
)

+ xj − aj+1 − hj+1 −α2hj+1.

In both cases, adjustment and non-adjustment, the next-period asset positions need to

satisfy the collateral constraint

(1 + rt)aj+1 ≥ −µhj+1 − gy,j+1

which, in terms of our auxiliary variable can be expressed as derived in the following. For

the next age, the definition of the auxiliary state variable can be solved for the financial

asset

(1 + rt)aj+1 = xj+1 − (1−α1)Πhj+1 .

Substituting for (1 + rt)aj+1 in the collateral constraint, we obtain

xj+1 ≥ [(1−α1)Π−µ]hj+1 − gy,j+1 .

For the case of rental choice, where the discrete choice is dj = 2, and hj+1 = 0, the

budget constraint

cj + aj+1 + ktfj +αR(hj) = yj
(
sj
)

+ (1 + rt−1)aj +Πhj

is expressed in terms of the auxiliary variable as follows

cj + ktfj = yj
(
sj
)

+ xj − aj+1 ,

and the collateral constraint is

xj+1 ≥ −gy,j+1 .
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In the recursive problem we denote

Wj(xj ,hj , sj) = max
dj ,cj ,fj ,aj+1,hj+1

{U (cj , s̄j) +
(
1− ιj

)
β E
sj+1|sj

Wj+1(xj+1,hj+1, sj+1) + ιjΨ
(
xj+1

)
},

where the expectation operatorE
s′ |s
f (·, s′) =

∑
s′∈S

πs,s′f (·, s′).40 The probability of death in

period j is denoted by ιj . We consider a warm-glow bequest motive, represented by utility

from bequeathing, as captured by the function Ψ
(
xj+1

)
, whose argument is therefore to be

interpreted as liquidable wealth after death. The bequest utility function is parameterized

as follows:

Ψ (xj+1) = ψ0 log
(
ψ1 + xj+1

)
.

Given that ψ1 > gy,j+1 for all j in our calibration, the bequest utility function is well de-

fined for borrowers in the feasible borrowing set of our model.

Henceforth we denote by βj the product of the survival probability in age j and the

discount factor β, that is

βj ≡
(
1− ιj

)
β.

By the same token, we define

Ψj

(
xj+1

)
≡ ιjΨ

(
xj+1

)
.

Conditional on the discrete choice,

wj(xj ,hj , sj |dj) = max
cj ,fj ,aj+1,hj+1

{
U (cj , s̄j) + βj E

sj+1|sj
Wj+1(xj+1,hj+1, sj+1) +Ψj

(
xj+1

)}
.

So far, there is uncertainty about death, earnings, and future interest rates in the model.

We handle the discrete-choice options in the recursive problem according to the approach

suggested by Iskhakov et al. (2017). More specifically, we consider the addition of a ran-

dom component to the valuation of discrete-choice options, and assume that this compo-

nent is distributed according to an extreme-value (type I) distribution so that, keeping for

simplicity the same notation for functions Wj(·) and wj(·),

Wj(xj ,hj , sj ,ηj) = max
dj∈Dj
{wj(xj ,hj , sj |dj) + ηdj } ,

where ηdj denotes the realization of the random component specific to a discrete choice dj ,

and the vector ηj contains the collection of all realizations at age j for the set of all avail-

able discrete choices Dj . This randomness is considered for the discrete-choice-specific

value functions so that
40Recall that s̄ denotes the price-transformed service flow from housing while s denotes the stochastic

state.
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wj(xj ,hj , sj |dj) = max
cj ,fj ,aj+1,hj+1

{
U (cj , s̄j) + βj E

sj+1|sj

[
E
ηj+1
Wj+1(xj+1,hj+1, sj+1,ηj+1)

]
+Ψj

(
xj+1

)}
= max
cj ,fj ,aj+1,hj+1

{
U (cj , s̄j) + βj E

sj+1|sj
λ(wj+1(xj+1,hj+1, sj+1|dj+1),Dj+1;σ ) +Ψj

(
xj+1

)}
with41

λ
((

x|dj+1

)
,Dj+1;σ

)
= σ log

Σdj+1∈Dj+1
exp

(
x|dj+1

)
σ

 .

Ownership choice, not adjusting

In the case of non-adjustment, where hj+1 = Πhj , using the budget constraint for this case,

we have

wj(xj ,hj , sj |dj = 0) = max
aj+1
{U (yj

(
sj
)

+ xj − (1−α1)Πhj − aj+1,φΠhj)

+ βj E
sj+1|sj

λ(wj+1(xj+1,Πhj , sj+1|dj+1),Dj+1;σ ) +Ψj

(
xj+1

)
} ,

subject to the collateral constraint

xj+1 ≥ [(1−α1)Π−µ]Πhj − gy,j+1 .

Ownership choice, adjusting

Inserting the budget constraint and the adjustment cost function, the recursive problem

in the case of adjustment is

wj(xj ,hj , sj |dj = 1) = max
aj+1,hj+1

{U (yj
(
sj
)

+ xj − aj+1 − hj+1 −α2hj+1,φhj+1)

+ βj E
sj+1|sj

λ(wj+1(xj+1,hj+1, sj+1|dj+1),Dj+1;σ ) +Ψj

(
xj+1

)
} .

The next-period asset positions need to satisfy the collateral constraint

xj+1 ≥ [(1−α1)Π−µ]hj+1 − gy,j+1 .

Note that in this discrete-choice-specific problem any dependence on hj is captured by its

41The notation with a boldface variable x in the expression
(
x|dj+1

)
,Dj+1 is shorthand for denoting the

corresponding collection of discrete-choice-specific variables by
{(
x|dj+1

)
: dj+1 ∈Dj+1

}
.
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contribution to xj . Apart from this contribution, the problem conditional on choosing to

adjust is independent of hj , which is convenient for the numerical solution.

Rental choice

Using the budget constraint for the case of renting, considering the service flow obtained

as s̄j = φRfj , and taking into account non-homeownership for the next-period state, hj+1 =

0, we have

wj(xj ,hj , sj |dj = 2) = max
fj ,aj+1

[U (yj
(
sj
)

+ xj − aj+1 − ktfj ,φRfj)

+ βj E
sj+1|sj

λ(wj+1(xj+1,0, sj+1|dj+1),Dj+1;σ ) +Ψj

(
xj+1

)
] .

The collateral constraint in this case is

xj+1 ≥ −gy,j+1 .

Note that also for this discrete-choice-specific problem any dependence on hj is captured

by its contribution to xj . Separate from this contribution, the problem conditional on

choosing to rent is independent of hj , which conveniently simplifies the numerical solu-

tion.

We implement the solution of the maximization operations present in the recursive for-

mulation by exploiting the implied first-order and envelope conditions. This lets us take

advantage of the method for solving portfolio choice problems suggested by Hintermaier

and Koeniger (2010), identifying candidates for optimal portfolio choice combinations in

a first step, and then using them to determine optimal policy functions for all continuous

decision variables.

B Bequest parameters

Consider a bequest [ that generates a perpetuity with annual payment flow r[, where r is

the real interest rate. The bequeather considers the utility consequences of the bequest

taking into account the average earnings of the offspring ȳ. The disposable income con-

sists of the annual payment flow r[ and the offspring’s earnings ȳ, and the per-period

utility is u (ȳ + r[).

If the bequeather considers the discounted sum of these future period utilities for the

48



offspring, the utility generated by the bequest equals

u (ȳ + r[) + βu (ȳ + r[) + β2u (ȳ + r[) + β3u (ȳ + r[) ... =
1

1− β
u (ȳ + r[)

where the bequeather and the offspring discount with the same factor β. For a loga-

rithmic per-period utility function, the bequest motive is then captured by the function

Ψ ([) =
1

1− β
log(ȳ + r[) . (B.1)

Note that bequests are a luxury simply because the bequeather considers the utility

consequences of the bequest taking into account the average earnings of the offspring.

We now refine the function for the bequest motive by allowing for aggregate income

growth after death which increases earnings of the offspring relative to the bequeather.

Suppose that the bequests shall generate annual coupon payments z which grow at the

same rate g as average earnings. The size of z, which can be financed with a bequeathed

amount [, is

z = [ (r − g) .

because

(1 + r)[ = z+
1 + g
1 + r

z+
(1 + g

1 + r

)2
z+

(1 + g
1 + r

)3
z+ ... ,

⇐⇒ (1 + r)[ =
1

1− 1+g
1+r

z =
1 + r
r − g

z ,

⇐⇒ [ =
1

r − g
z .

Note that without growth (g = 0), z = rb as in (B.1).

Now consider the sum of discounted utilities, with both the coupon z and average

earnings ȳ growing at rate g < r. Then,
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Ψ ([) = log(ȳ + z) + β log((1 + g) (ȳ + z)) + β2 log
(
(1 + g)2 (ȳ + z)

)
+ ...

= log(ȳ + z) + β log(ȳ + z) + β log(1 + g) + β2 log(ȳ + z) + β22log(1 + g) + ...

=
1

1− β
log(ȳ + z) + log(1 + g)

∞∑
τ=1

βττ

=
1

1− β
log(ȳ + z) + R̄c ,

with

R̄c ≡ log(1 + g)
β

(1− β)2 .

The bequest motive of a bequeather who anticipates future growth is thus

Ψ ([) =
1

1− β
log(ȳ + (r − g)[) + R̄c . (B.2)

Note that the constant R̄c is independent of choices and state variables in the decision

problem of the bequeather so that we can abstract from it.

The marginal utility of bequests is

Ψ ′ ([) =
1

1− β
r − g

ȳ + (r − g)[
.

In the quantitative application of the model, we set ȳ to average earnings at the begin-

ning of the life cycle. The bequest function could be further refined by choosing lower

values to capture the extent to which the bequeather cares about the income risk which

the offspring faces.

C Calibration

Table 7 shows the parameters that are common across countries in the calibration. For this

set of parameters we keep the values close to values typically calibrated in the existing

quantitative literature. We briefly explain the values for those parameters that have not

been discussed already in the main text in Section 3.

We set the proportional adjustment cost for sellers α1 to 2.5% of the housing value. The

proportional selling cost approximates fees for real-estate agents as in Diaz and Luengo-

Prado (2008), for example. As displayed in Table 2 in Section 3, we calibrate a higher

country-specific cost for the purchaser α2 because in the considered euro-area countries

buyers typically pay the transaction taxes. These taxes differ across countries.
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Adjustment costs
α1 0.025

Loan-to-value ratio before and after retirement
µ 0.8
µret 0.3

Pledgeable share of income
ξ 0.6

Autocorrelation of income shocks
ρ 0.95

Real interest rate
lending rate r+ 0.005

borrowing rate r− 0.02
long-run rate r applied to bequests 0.04

Aggregate income growth rate
g 0.01

Price growth factor
Π 1.0

Scale parameter of taste shock for discrete choice
σ 0.01

Table 7: Common parameters across countries
Note: Country-specific parameters are contained in Table 2.

We allow agents to borrow up to a fraction ξ = 0.6 of the smallest possible labor earn-

ings draw. Given that the fraction µ = 0.8 of the housing value can be collateralized during

working life, this plausibly implies that housing has a much larger collateral value than

labor earnings.

In our benchmark we assume that housing has a stable value (Π = 1) and labor income

is risky. We estimate differences in labor income risk across countries based on the same

HFCS data that we use to compute the data targets in our calibration (see the different

standard deviations of the innovations reported in Table 2). Given that the cross-sectional

nature of the HFCS data does not allow direct estimation of the persistence of the income

shocks, we set the autocorrelation of the shocks to ρ = 0.95 for all countries. This value

is within the range of values for the persistence of income shocks typically assumed in

quantitative analyses.

The scale parameter of taste shocks for the discrete choice, σ , is set to add a small

amount of noise to the discrete-choice part of the decision problem, as discussed in Iskhakov

et al. (2017). Adding smoothness through such a model feature is convenient for approx-

imating functions in the model solution given discrete grids for the endogenous states.
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Germany France Italy Spain
Pension parameters
Earnings years 35 25 35 15
Valorisation rate (in percent) 1 0 1 0
Benefit growth rate (in percent) 0 0 0 0
Net replacement rate (in percent)
at following multiples of mean income

0.5 53.4 78.4 81.8 82.0
0.75 56.6 64.9 78.2 83.9

1 58.0 63.1 77.9 84.5
1.5 59.2 58.0 78.1 85.2

2 44.4 55.4 79.3 72.4

Table 8: Country-specific parameters for the pay-as-you-go pensions
Source: Authors’ compilation based on the country studies, Table I.2 on pp. 28-30 and the net
replacement rate reported on p. 35 in OECD (2007).

C.1 Pensions

Table 8 displays the country-specific pension parameters that we use as inputs when we

calibrate the pay-as-you-go component of the pension systems based on the information

available in OECD (2007). The first row shows the number of earning years used for the

computation of the pension benefits. For Germany and Italy, we use 35 years to approx-

imate the lifetime average earnings in our model. In France and Spain, pension benefits

are computed based on a smaller number of highest earning years or final years before

retirement, respectively. Since labor earnings grow over the life cycle in our model and

reach their peak not long before retirement, the final 25 years in France are on average

also the years with the highest earnings.

The valorisation rate in the second row shows how pre-retirement earnings are adjusted

when pensions are computed at the time of retirement. In Germany and Italy, earnings are

adjusted at the growth rate of (real) earnings which we set to 1% annually. In France and

Spain, pre-retirement earnings are inflation indexed but are not adjusted for real earnings

growth so that the valorisation rate is 0% in real terms.

The benefit growth rate in the third row of Table 8 captures how pension benefits

are adjusted during retirement. In practice, benefits have been adjusted for inflation

so that we set the growth rate of (real) benefits to zero. For Germany and Italy this

calibration of (real) benefit growth deserves further discussion. In Germany, the pen-

sion benefit adjustment formula (Rentenanpassungsformel) seems to imply a more compli-

cated adjustment of pension benefits than just an inflation indexation. Deflating the de
facto nominal benefit growth since 2000 however, documented at https://www.deutsche-
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Figure 11: Country-specific schedules for average income taxes and social security contri-
butions
Source: Authors’ computation based on the OECD Tax Database, Tables i1, i5 ad i7.

rentenversicherung.de, shows that the nominal benefit growth in Germany just has com-

pensated retirees for inflation. This has been the time period in which households, sur-

veyed in the HFCS, have made their savings decisions based on their expectations about

the pay-as-you-go pension system. We thus set the (real) benefit growth rate to zero which

implies indexation to inflation and no changes of benefits in real terms. We do the same

for Italy, albeit high pensions in Italy are not fully inflation indexed currently so that they

decrease in real terms. We abstract from modeling this detail because this seems only

a transitory measure to decrease the liability resulting from the pension system in real

terms.

The bottom of Table 8 displays the net replacement rate for different multiples of mean

earnings. We apply these net replacement rates according to how past earnings of agents

(based on the relevant earnings years for each country) compare to the mean of past earn-

ings when we compute the pension benefits.
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C.2 Taxation of labor income

In order to convert gross labor earnings including transfers into net labor earnings, we

follow Guvenen et al. (2014). Based on the OECD Tax Database that reports average tax

rates and social security contributions at various multiples of mean labor earnings as well

as tax exemptions and tax credits, we fit parametric approximations for the schedules of

taxes and social security contributions for each country. Specifically we use the informa-

tion on the average tax rates and social security contributions in Table i5 of the OECD

Tax Database, the information on the top marginal tax rate, the earnings threshold above

which it applies, the mean labor earnings in Table i7, and the information on tax exemp-

tions in Table i1. We estimate the parameters of the non-linear tax schedule under the

restriction that taxes are paid only above an earnings threshold that is obtained from in-

formation on tax exemptions and tax credits. In the approximation of social security con-

tributions we capture that contributions are roughly a constant fraction of income below a

maximum earnings threshold in France, Germany and Spain and become an ever decreas-

ing fraction of income above that threshold. For Italy, we assume no maximum earnings

threshold for social security contributions because such a threshold has been introduced

only for labor market entrants after 1996 and this threshold is very high at 100,000 euro

(see https://www.ssa.gov/policy/docs/progdesc/ssptw/2016-2017/europe/italy.html for

a documentation in English language). For the estimation, we match the year in the OECD

Tax Database with the respective year for which households are asked about their income

in the first wave of the HFCS, i.e. 2009 for Germany and France and 2010 for Italy and

Spain. Figure 11 illustrates the schedules used in our calibration.

C.3 Estimation of the age income profile and calibration of income risk

We regress the logarithm of labor earnings in adult equivalents, including transfers, on

a quartic age polynomial for the ages 25 to 65 that correspond to working life in our

model. The variance of the residual is used to compute the standard deviation of the

innovation reported in Table 2, that is implied by the assumption of an AR(1)-process

with persistence ρ = 0.95. Figure 12 displays the estimated quartic polynomials for the

age income profiles together with income averages for five-year age groups. The figure

shows that the smooth polynomials approximate the income averages of the age groups

well. The flatter part of the profiles at ages between 35 and 45 in France, Italy and Spain

is related to stronger increases in household size relative to income growth given that we

plot labor income in adult equivalents. We convert the age profile into a life-cycle profile,

assuming a growth rate of real income of 1% to account for cohort effects.
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Figure 12: Country-specific age profiles of equivalized earnings
Source: Authors’ computation based on the based on the first wave of the HFCS.

C.4 Transaction taxes

For Germany we add the 5% transaction tax (Grunderwerbsteuer) to fees of 2.5% for real-

estate agents. Although the transaction tax varies between 3.5% and 6.5% across regions,

we cannot exploit this variation because we do not have precise enough information about

the region of the households in the HFCS. We thus choose the median value across regions.

In France transaction taxes (frais de mutation) consist of a municipal and departmental

tax and usually amount to 5.5% of the value of property. We thus set the proportional

transaction cost for the purchaser to 8%, including fees for real-estate agents.

In Italy the buyer has to pay a registration tax (imposta di registro) of at least 3% for pur-

chase of the main residence or alternatively VAT, depending on the seller. Furthermore,

the purchaser has to pay a cadastral tax of 1% and land registry taxes of 2% (imposte
ipotecarie e catastali). We thus set the transaction cost, including real-estate agent fees, to

8.5%.

In Spain home buyers typically have to pay 7−8% of value added tax and a documen-

tation fee of 0.5% (impuesto sobre actos jurı́dicos documentados). Hence, we set transaction

costs in Spain to 10.5%, including real-estate agent fees.

The website https://www.angloinfo.com contains some useful first information in En-

glish language on differences in transaction taxes and fees across countries.
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Initial distribution Pensions/Tax/
Age of net worth Income profile Transaction Rent-price Preference

composition and housing and process cost ratio parameters

Statistics predicted Change relative to total difference between model prediction and German benchmark

France
Housing wealth -0.04 -0.21 -0.59 -0.12 -1.08 3.04
Net worth -0.05 -0.24 -1.03 -0.02 -0.17 2.51
Rental rate -0.05 0.08 0.14 -0.01 -0.84 1.68

Italy
Housing wealth 0.13 0.64 -0.55 -0.12 0.07 0.83
Net worth 0.15 0.58 -1.04 -0.03 0.02 1.32
Rental rate 0.13 0.41 -0.17 -0.04 0.08 0.59

Spain
Housing wealth 0.12 0.72 -1.79 -1.33 2.35 0.93
Net worth -0.09 0.49 -3.05 -0.30 0.67 3.28
Rental rate 0.02 0.15 -0.03 -0.10 0.59 0.37

Table 9: Decomposition of effects of country-specific model inputs
Notes: The changes are implemented incrementally across columns moving from left to right in
the table. The changes reported in each row sum to one, i.e., to the full relative change between
the considered country and the benchmark country Germany. See further description in the main
text.

C.5 Decomposition of the effects of country-specific model inputs

We decompose how differences in model inputs across countries influence key model pre-

dictions reported in Table 3. Table 9 displays the decomposition for France, Italy and

Spain relative to Germany, for the three key model predictions on housing wealth, net

worth and the housing rental rate. Each column displays the change in the target statis-

tics, resulting from the additional implemented change of the model input mentioned in

the header of the respective column, relative to the total difference in the model prediction

for the considered country compared with the German benchmark. Thus, the sum across

the columns of Table 9 equals one.42

The changes are implemented incrementally and, as is well known, the sequence mat-

ters for the precise quantitative contribution that is attributed to each change of model

input for the respective predicted statistic. The main point of these tables is thus to pro-

vide an indication for the order of magnitude with which a certain country-specific model

input affects the model predictions. We comment on the results at the end of Section 3 of

the main text.
42The decomposition for the model predictions on the fraction of homeowners with debt or the LTV ratio

is less insightful because, for some of the countries, there is not much of a difference in the model prediction
for these statistics relative to the German benchmark.
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C.6 Variable definitions

We provide information on how we construct variables of interest based on the HFCS. For

information on the survey, its methodology and descriptive statistics we refer to Eurosys-

tem Household Finance and Consumption Network (2013a) and Eurosystem Household

Finance and Consumption Network (2013b).

We interpret the asset data in the survey as end-of-period information at the time

when the survey is carried out because the questions in the survey refer to income in the

previous year and agents have made their consumption and portfolio choices conditional

on this income. We construct all variables for as many observations as possible. While

information on net worth, home ownership, the value of the main residence with the cor-

responding mortgages, non-mortgage debt and gross income is available (if applicable)

for more than 62,000 households in the euro area in the first wave of the HFCS, for ex-

ample, information on mortgage payments per month (if applicable) is less complete, for

example, and available for around 55,000 households.

When computing the statistics in the tables, we use the sampling weights provided

in the HFCS to account for the oversampling of wealthy households, we account for the

survey structure with five implicates per household (to capture the variance introduced by

the imputation of values for some observations) and we use the replicate weights provided

by the HFCS to account for sampling error. The variables are defined as follows (variable

names in the HFCS dataset are in brackets):

Labor income (incl. transfers) is total gross household income from employment (di1100)

and self-employment (di1200), income from pensions (di1500) and from social transfers

except pensions (di1600).

Net worth is the consolidated net wealth position of a household (dn3001).

Housing wealth is defined as the value of the household’s main residence (da1110).

Other wealth or financial assets contain financial assets, other real estate and durables,

net of outstanding debt. It is defined as the difference between net worth and housing

wealth.

Home ownership is defined as the ownership of the household’s main residence, i.e.,

this variable shows for which households housing wealth is positive. The rental rate is

defined as 1− homeownership rate.

We convert variables that are reported in euro for households into adult equivalents

by giving a weight of 1 to the first adult, 0.34 to each additional adult and 0.3 to each

additional child. See also the last column in Fernández-Villaverde and Krueger (2007),

Table 1. When combining data across HFCS waves, we use the inflation adjustment factors

reported in the HFCS methodological report.
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D The role of the interest spread in the life-cycle model

with housing

It is instructive to comment on the role of the interest spread in our model. It is well

known, at least since Kaplan and Violante (2014), that agents can have high marginal

propensities to consume because of an interest spread, even if the borrowing constraint

is not binding. If shocks are not large enough to make adjustment of the illiquid asset

optimal, non-adjusting agents with illiquid wealth and an intertemporal marginal rate of

substitution between the interest factor implied by the borrowing and lending rate behave

as (wealthy) hand-to-mouth consumers. Analogously, agents without illiquid wealth be-

have as hand-to-mouth consumers if the spread makes it optimal for them not to change

their position of zero liquid wealth after a shock.

It is important to emphasize that the consolidation of balance sheets, required for

consistency of the data and our model, implies a different interpretation of the spread

and the corresponding incidence of households with zero other wealth, which is liquid in

our model. Kaplan et al. (2018) and Kaplan et al. (2014) consolidate housing wealth and

mortgage liabilities to home equity as part of their illiquid wealth position so that negative

liquid wealth has the interpretation of unsecured debt. The standard portfolio choice

model, in which the house (not home equity) is a consumption good, an asset and serves

as collateral, requires a different consolidation in a two-asset portfolio choice setting.43

Other wealth besides housing wealth then is the consolidated position of all other assets

and liabilities. A negative value of this position then typically implies secured mortgage

debt for homeowners.

Not only does the different consolidation call for a calibration of a smaller spread, as

noted in footnote 20 in the main text, also the interpretation and the economic implica-

tions of the incidence of zero other wealth for homeowners are different. Such homeown-

ers have either amortized their mortgage or hold gross positions of other assets of the same

value as the mortgage so that their net worth equals their housing wealth. Homeowners

with such portfolio positions tend to be older, i.e., at later stages in their life cycle, and

richer and thus can more easily afford to pay adjustment costs to avoid the illiquidity and

higher volatility of the marginal utility of consumption implied by the interest spread.

Let us elaborate on the interaction between adjustment costs and the interest spread

in our setting compared with the literature. A key difference relative to models with an

asset consolidation as in Kaplan et al. (2018) is that, in our model, the housing asset is

43Extending the dimensionality of the portfolio choice problem by allowing for a third continuous en-
dogenous state variable has proven prohibitively costly computationally so far. Such an extension would
allow to distinguish features, such as liquidity, of assets and liabilities consolidated in the other wealth po-
sition.
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illiquid but home equity is not. Households in our model can adjust their debt position

and thus home equity without cost by changing their position in other wealth to finance

consumption. Because of the spread, an adjustment of the position in other wealth may

not be optimal if other wealth is zero. Net worth then contains no liquid resources so

that households in these circumstances bear more consumption risk because adjusting the

housing asset is costly. Home equity in our model thus becomes illiquid as in Kaplan et al.

(2018) only when the interest spread implies that it is optimal to hold zero other wealth

because the intertemporal marginal rate of substitution of consumption is between the

interest factor implied by the borrowing and lending rate.

Agents can avoid this situation ex ante by adjusting the housing asset to prevent other

wealth from being zero. The costs in terms of marginal utility for paying the adjustment

costs can be smoothed intertemporally. This behavior of homeowners is analogous to

standard quantitative models with occasionally binding constraints in which agents take

precautions to avoid that these constraints bind and thus distort their intertemporal con-

sumption profile. The finding that the incidence of the constraints is low ex post does not

imply that the constraints do not matter ex ante. In particular, the low incidence of zero

holdings of other wealth for homeowners does not imply that the interest spread is not

important quantitatively for consumption responses and accumulation behavior.44

We find that the incidence of agents with zero other wealth is small for homeown-

ers. Only 0.5% of the synthetic model-generated sample are homeowners with zero other

wealth. The incidence of zero other wealth is higher for renters. 2% of the sample are

renters with zero other wealth in France, 2.6% in Italy, 3.8% in Spain and 5% in Ger-

many.45 The heterogeneity across countries is determined by two main forces: the inci-

dence of renters in the population which is higher in Germany and France than in Italy

and Spain; and the extent of household borrowing which is somewhat higher in Spain and

Germany compared with France and Italy.

Note that, for renters, the position of other wealth in terms of our model corresponds

to net worth given that renters have no housing asset. Homeowners in the considered

44Kaplan et al. (2014) illustrate how the higher return of the illiquid asset makes it optimal ex ante to
choose portfolios that imply wealthy hand-to-mouth behavior ex post of agents who hold zero liquid assets
due to the interest spread. Agents are willing to bear more consumption risk because of the higher return
to illiquid home equity. Our findings illustrate that the interest spread may imply less illiquidity ex post if
only the housing asset is costly to adjust but not the associated mortgage liability. Intuitively, the utility cost
conditional on being illiquid ex post changes as well as the gain of avoiding such illiquidity ex ante. In future
research, we plan to investigate further the economic implications of different modeling assumptions for the
illiquidity of home equity, which are related to the consolidation of assets in portfolio choice models. Such
a detailed comparison is not essential for the research question in this paper, which requires a consolidation
of the balance sheet that distinguishes housing and the associated mortgage liabilities.

45When computing these statistics based on the simulated data, we consider other wealth to be zero if it
lies within the interval [−500;500] in terms of euro in adult equivalents. We also choose a fine grid of the
auxiliary state variable x, defined in Appendix A, implying differences between gridpoints of at most 1,000
for values of x up to 200,000.
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countries typically have positive net worth because the relatively conservative maximum

LTV ratios, particularly relative to Anglo-Saxon countries, imply positive home equity.

Thus, we can benchmark the incidence of renters with non-positive net worth to the frac-

tion of households with non-positive net worth in the HFCS. As reported by Kaplan et al.

(2014), Table 2, the fraction is between 5−8% for the considered countries in the first wave

of the HFCS. Our model predicts 6% for France, 8% for Italy, 9% for Spain and 21% for

Germany. By and large the model predictions correspond to the incidence of poor hand-

to-mouth households reported between 4 − 12% for the considered countries in Slacalek

et al. (2020), Figure 1.

For Germany, our model predicts an incidence that is 9 percentage points higher than

reported in Slacalek et al. (2020) but this has to be put into perspective because (i) many

German renters in the data only hold small positive amounts of net worth and (ii) renters

can borrow at most four digit euro amounts in our model, to guarantee solvency in the

presence of idiosyncratic income risk. Hence, the difference between the model predic-

tion and the data in terms of net worth and thus the marginal propensities to consume

is smaller for German households than the difference in the reported incidences above

suggest. The difference implies that the quantitative finding of smaller consumption re-

sponses of households to changes of the interest rate or house prices in Germany, relative

to the other euro area countries, may be understated.
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E Further results on the consumption responses

E.1 Consumption response to changes in the real interest rate

E.1.1 Asymmetry of the response

Figure 13 shows that the absolute size of the consumption response to an increase of the

interest rate is quantitatively larger than the response to a decrease of the interest rate.

See Figure 3 and the discussion in the main text.

0 5 10 15 20

time after shock (years)

-6

-5

-4

-3

-2

-1

0

1

C
on

su
m

pt
io

n
(r

el
at

iv
e 

to
 o

ld
 s

te
ad

y 
st

at
e)

10-3

Consumption response
(non-housing consumption)

Germany
France
Italy
Spain

Figure 13: Unexpected increase of the real interest rate from 0.5% to 0.75% reversed after
two years, without pass-through to the rent-to-price ratio
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E.1.2 Full pass-through to the rent-price ratio

Figure 14 shows that, with a full pass-through to the rent-price ratio, the responses of

non-housing consumption are larger than in the benchmark. The response is largest in

France and smallest in Spain, which is at odds with empirical evidence. See the discussion

in the main text.
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Figure 14: Unexpected fall of the real interest rate from 0.5% to 0.25% reversed after 2
years, with full pass-through to the rent-to-price ratio
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E.2 Results for France, Italy and Spain on the heterogeneity of the con-

sumption response after a fall in the interest rate

Consumption Consumption Contribution of
response Share share group to aggregate

Group of group of group of group consumption response
Aggregate response on impact = 0.0038

Composition of impact response across age groups
Ages 25− 34 0.0036 0.16 0.19 0.0007
Ages 35− 44 0.0021 0.22 0.24 0.0005
Ages 45− 54 0.0036 0.22 0.22 0.0008
Ages 55− 64 0.0053 0.23 0.21 0.0011
Ages 65− 74 0.0055 0.16 0.12 0.0007

Composition of impact response across net-worth distribution
Percentiles 0− 25 0.0053 0.25 0.22 0.0012
Percentiles 25− 50 -0.0008 0.25 0.23 -0.0002
Percentiles 50− 75 0.0047 0.25 0.25 0.0012
Percentiles 75− 90 0.0058 0.15 0.16 0.0010
Percentiles 90− 95 0.0054 0.05 0.06 0.0003
Percentiles 95− 99 0.0050 0.04 0.06 0.0003
Percentiles 99− 99.9 0.0046 0.009 0.016 0.0001
Percentiles 99.9− 100 0.0052 0.001 0.003 0.0000

Composition of impact response across housing-tenure types
Homeowners 0.0060 0.60 0.62 0.0037
... with positive assets 0.0056 0.40 0.42 0.0023
... with debt 0.0068 0.20 0.20 0.0013
Renters 0.0004 0.40 0.38 0.0001
... with positive assets 0.0001 0.35 0.35 0.0000
... with non-positive assets 0.0029 0.05 0.03 0.0001

Table 10: France: heterogeneity of the (non-housing) consumption response across house-
holds. Notes: see notes of Table 4.
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Consumption Consumption Contribution of
response Share share group to aggregate

Group of group of group of group consumption response
Aggregate response on impact = 0.0043

Composition of impact response across age groups
Ages 25− 34 0.0029 0.09 0.11 0.0003
Ages 35− 44 0.0037 0.23 0.25 0.0009
Ages 45− 54 0.0041 0.25 0.26 0.0011
Ages 55− 64 0.0051 0.21 0.20 0.0010
Ages 65− 74 0.0054 0.20 0.17 0.0009

Composition of impact response across net-worth distribution
Percentiles 0− 25 0.0038 0.25 0.18 0.0007
Percentiles 25− 50 0.0017 0.25 0.22 0.0004
Percentiles 50− 75 0.0056 0.25 0.26 0.0015
Percentiles 75− 90 0.0055 0.15 0.18 0.0010
Percentiles 90− 95 0.0054 0.05 0.07 0.0004
Percentiles 95− 99 0.0050 0.04 0.06 0.0003
Percentiles 99− 99.9 0.0044 0.009 0.018 0.0001
Percentiles 99.9− 100 0.0044 0.001 0.004 0.0000

Composition of impact response across housing-tenure types
Homeowners 0.0057 0.71 0.76 0.0043
... with positive assets 0.0052 0.46 0.53 0.0028
... with debt 0.0068 0.25 0.23 0.0016
Renters -0.0001 0.29 0.24 -0.0000
... with positive assets -0.0006 0.23 0.21 -0.0001
... with non-positive assets 0.0031 0.06 0.03 0.0001

Table 11: Italy: heterogeneity of the (non-housing) consumption response across house-
holds. Notes: see notes of Table 4.

64



Consumption Consumption Contribution of
response Share share group to aggregate

Group of group of group of group consumption response
Aggregate response on impact = 0.0043

Composition of impact response across age groups
Ages 25− 34 0.0028 0.12 0.13 0.0004
Ages 35− 44 0.0035 0.26 0.28 0.0010
Ages 45− 54 0.0045 0.25 0.26 0.0012
Ages 55− 64 0.0053 0.19 0.19 0.0010
Ages 65− 74 0.0052 0.17 0.14 0.0007

Composition of impact response across net-worth distribution
Percentiles 0− 25 -0.0013 0.25 0.17 -0.0002
Percentiles 25− 50 0.0061 0.25 0.22 0.0013
Percentiles 50− 75 0.0051 0.25 0.27 0.0014
Percentiles 75− 90 0.0053 0.15 0.18 0.0010
Percentiles 90− 95 0.0052 0.05 0.07 0.0004
Percentiles 95− 99 0.0048 0.04 0.06 0.0003
Percentiles 99− 99.9 0.0041 0.009 0.019 0.0001
Percentiles 99.9− 100 0.0034 0.001 0.004 0.0000

Composition of impact response across housing-tenure types
Homeowners 0.0055 0.81 0.87 0.0048
... with positive assets 0.0048 0.48 0.57 0.0027
... with debt 0.0069 0.33 0.30 0.0021
Renters -0.0041 0.19 0.13 -0.0005
... with positive assets -0.0066 0.12 0.09 -0.0006
... with non-positive assets 0.0023 0.07 0.04 0.0001

Table 12: Spain: heterogeneity of the (non-housing) consumption response across house-
holds. Notes: see notes of Table 4.
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E.3 Consumption response to changes in the relative house price

E.3.1 Asymmetry of the response?

Compared to Figure 10 for the consumption response to a drop in house prices, Figure 15

shows that an increase in the relative house price has quantitatively smaller effects. The

asymmetry of the effects is rather small as discussed in the main text.
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Figure 15: Unexpected increase of the relative house price by 10%, reversed in two steps
within 4 years
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E.4 Results for France, Italy and Spain on the heterogeneity of the con-

sumption response after a house price drop

Consumption Consumption Contribution of
response Share share group to aggregate

Group of group of group of group consumption response
Aggregate response on impact = −0.0113

Composition of impact response across age groups
Ages 25− 34 -0.0030 0.16 0.19 -0.0006
Ages 35− 44 -0.0075 0.22 0.24 -0.0018
Ages 45− 54 -0.0129 0.22 0.22 -0.0028
Ages 55− 64 -0.0167 0.23 0.21 -0.0035
Ages 65− 74 -0.0192 0.16 0.12 -0.0024

Composition of impact response across net-worth distribution
Percentiles 0− 25 -0.0001 0.25 0.22 -0.0000
Percentiles 25− 50 -0.0050 0.25 0.23 -0.0011
Percentiles 50− 75 -0.0164 0.25 0.25 -0.0041
Percentiles 75− 90 -0.0198 0.15 0.16 -0.0033
Percentiles 90− 95 -0.0200 0.05 0.06 -0.0012
Percentiles 95− 99 -0.0202 0.04 0.06 -0.0011
Percentiles 99− 99.9 -0.0223 0.009 0.016 -0.0004
Percentiles 99.9− 100 -0.0278 0.001 0.003 -0.0001

Composition of impact response across financial positions of homeowners
Homeowners -0.0184 0.60 0.62 -0.0113
... with positive assets -0.0201 0.40 0.42 -0.0084
... with non-positive assets -0.0148 0.20 0.20 -0.0029

Table 13: France: heterogeneity of the (non-housing) consumption response across house-
holds. Notes: see notes of Table 5.
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Consumption Consumption Contribution of
response Share share group to aggregate

Group of group of group of group consumption response
Aggregate response on impact = −0.0151

Composition of impact response across age groups
Ages 25− 34 -0.0090 0.09 0.11 -0.0009
Ages 35− 44 -0.0127 0.23 0.25 -0.0032
Ages 45− 54 -0.0151 0.25 0.26 -0.0039
Ages 55− 64 -0.0175 0.21 0.20 -0.0035
Ages 65− 74 -0.0192 0.20 0.17 -0.0032

Composition of impact response across net-worth distribution
Percentiles 0− 25 -0.0004 0.25 0.18 -0.0001
Percentiles 25− 50 -0.0127 0.25 0.22 -0.0028
Percentiles 50− 75 -0.0194 0.25 0.26 -0.0051
Percentiles 75− 90 -0.0214 0.15 0.18 -0.0039
Percentiles 90− 95 -0.0212 0.05 0.07 -0.0015
Percentiles 95− 99 -0.0216 0.04 0.06 -0.0013
Percentiles 99− 99.9 -0.0214 0.009 0.018 -0.0004
Percentiles 99.9− 100 -0.0291 0.001 0.004 -0.0001

Composition of impact response across financial positions of homeowners
Homeowners -0.0198 0.71 0.76 -0.0151
... with positive assets -0.0214 0.46 0.53 -0.0113
... with non-positive assets -0.0163 0.25 0.23 -0.0038

Table 14: Italy: heterogeneity of the (non-housing) consumption response across house-
holds. Notes: see notes of Table 5.

68



Consumption Consumption Contribution of
response Share share group to aggregate

Group of group of group of group consumption response
Aggregate response on impact = −0.0170

Composition of impact response across age groups
Ages 25− 34 -0.0156 0.12 0.13 -0.0020
Ages 35− 44 -0.0178 0.26 0.28 -0.0050
Ages 45− 54 -0.0179 0.25 0.26 -0.0046
Ages 55− 64 -0.0162 0.19 0.19 -0.0030
Ages 65− 74 -0.0164 0.17 0.14 -0.0023

Composition of impact response across net-worth distribution
Percentiles 0− 25 -0.0127 0.25 0.17 -0.0021
Percentiles 25− 50 -0.0186 0.25 0.22 -0.0041
Percentiles 50− 75 -0.0177 0.25 0.27 -0.0047
Percentiles 75− 90 -0.0173 0.15 0.18 -0.0032
Percentiles 90− 95 -0.0179 0.05 0.07 -0.0013
Percentiles 95− 99 -0.0180 0.04 0.06 -0.0012
Percentiles 99− 99.9 -0.0190 0.009 0.019 -0.0004
Percentiles 99.9− 100 -0.0210 0.001 0.004 -0.0001

Composition of impact response across financial positions of homeowners
Homeowners -0.0196 0.81 0.87 -0.0170
... with positive assets -0.0185 0.48 0.57 -0.0105
... with non-positive assets -0.0216 0.33 0.30 -0.0065

Table 15: Spain: heterogeneity of the (non-housing) consumption response across house-
holds. Notes: see notes of Table 5.
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