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Abstract
Research interest in the reaction of consumption to expected inflation has increased in
recent years due to efforts by central banks to kick-start demand by steering inflation
expectations. We contribute to this literature by analysing whether various compo-
nents of households’ balance sheets determine how consumption reacts to expected
inflation. Two channels in particular are conceivable: an increase in inflation expec-
tations can raise consumption through direct increases in expected real wealth, e.g.
for households with nominal financial liabilities. By affecting the real interest rate,
expected inflation can interact with wealth if only those households can adapt their
consumption to current real interest rates that are not budget-constrained or suffi-
ciently liquid to shift funds between consumption and savings. We investigate these
channels empirically using household-level information on balance sheets, durable
consumption and inflation expectations from the Dutch Central Bank’s Household
Survey. We find that investments in risky assets as well as net worth moderates the
relation between expected inflation and durable spending decisions. The net worth
effect is most pronounced for households with fixed interest rate mortgages.
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1 Introduction

Hypotheses on why inflation expectations can have an impact on consumption on the
micro-level are based on two arguments. First, inflation expectations change the real
interest rate and could therefore affect consumption through intertemporal substitution.
Second, they affect expected real wealth and therefore consumption out of real wealth.
In both cases the composition of a household’s balance sheet can alter the size and
direction of the effect of inflation expectations on spending. Attempts to gauge this
interaction in the literature have been incomplete. Several authors estimated the impact
of inflation expectations on consumption. These studies have often exploited some sort
of natural experiment such as the zero lower bound or value-added tax increases to
identify a causal relationship using cross-sectional (Bachmann et al. 2015; Ichiue
and Nishiguchi 2015; D’Acunto et al. 2016) or panel data (Burke and Ozdagli 2013;
Crump et al. 2015; Duca et al. 2018) without reaching consensus on the sign or size
of the effect. However, no analysis has properly accounted for the potential role of
the balance sheet as a moderator of the effect of price expectations on spending. In
this paper we investigate empirically whether different components of a household’s
balance sheet interact with its inflation expectations in affecting realised consumer
spending. To this end, we use panel data on household level balance sheets, inflation
expectations and durable consumer spending from the Dutch Central Bank’s (DNB)
Household Survey.

While the use of micro-level data to study the nexus between inflation expectations
and consumer spending has allowed researchers to estimate cross-sectional effects,
almost no attention has been paid to analyse the economic mechanisms behind these
“general” effects. Changes in the real interest rate affect a household’s optimal allo-
cation of consumption over time. Differences in inflation expectations can lead to
differences in the perceived real interest rate both over time and across households.
Depending on their balance sheets, households might or might not be able to shift
funds from savings to current spending or vice versa. Additionally, access to and
costs of credit financed consumption might differ between households depending on
the available collateral. We characterise these two channels through which inflation
expectations can affect spending as real interest rate dependent. Another channel that
motivates the research question of this paper is a real wealth channel. Inflation expec-
tations determine expected real wealth. In case of rising inflation expectations debtors
expect increases in real wealth, while creditors expect falls in real wealth. The net
nominal position of their balance sheet measures their exposure to price level changes.
Empirical evidence suggests that consumption is sensitive to changes in wealth (Case
et al. 2005; Mian et al. 2013). Consequently, inflation expectations and balance sheet
positions might interact on the micro-level. This could have macroeconomic effects
if debtors have a higher propensity to consume than creditors. Here we refer to the
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growing heterogeneous agent literature that emphasises the relevance of differential
marginal propensities to consume of households with differing balance sheet com-
positions (Cloyne et al. 2020; Auclert 2019). Another reason is the inflation-hedging
nature of certain assets: owners of real estate and stocks are relatively well protected
against devaluation effects of inflation (Fama and Schwert 1977; Kim and In 2005)
whereas financial liabilities are repaid in nominal terms. Accordingly, spending of net
debtors is expected to be more sensitive to changes in expected inflation than for net
owners of real estate and stocks.1

Our approach departs from the literature in important ways. First, we try to iden-
tify specific economic channels that determine the effect of inflation expectations
on spending. The granular information on households’ balance sheet in our data set
allows us to test explicitly what role balance sheets play in moderating the effect of
price expectations on durable spending. Second, we analyse realised spending, rather
than planned spending or attitudes towards spending. These two latter measures, often
used in the literature, will likely overestimate a positive effect of inflation expectations
on spending since households might be willing to consume but liquidity constraints
impede them from doing so. Third, observing households over time allows us to better
capture the intertemporal dimension of consumption decisions, which is particularly
important if agents are forward looking and expectations play a crucial role.

Sufficient and accurate control for confounders in analyses of large scale surveys
poses problems. The DNB Household Survey contains a wide range of household
characteristics. Including all characteristics that could potentially impact consumption
behaviour is not feasible. Selecting controls only based on personal judgement or
theory might lead to omission or unnecessary inclusion of some variables. Instead we
apply a data-driven post-double variable selection procedure of the type introduced
by Belloni et al. (2014a). With penalised regression techniques, we only select those
variables that impact the dependent variable and the independent variables of interest in
the data. This limits the danger of omitted variable bias while ensuring a parsimonious
specification. Moreover, the panel dimension of our data allows us to control for time-
invariant confounders in general.

The results of our paper give support to channels we classified as real interest
rate and real wealth dependent. Financial investments moderate the effect of inflation
expectations on spending which can be explained by the real interest rate channel. We
also find that the positive relation between expected inflation and the probability of
positive durable expenditures is amplified for households with lower net worth. The
effect is stronger among a subsample of households with fixed interest mortgages. We
interpret this result as evidence for the real wealth channel which depends on the net
nominal position of the balance sheet combined with heterogeneities arising from the
composition of the balance sheet.

1 Other channels that are not affected by wealth have also been put forward: Wiederholt (2014) suggests
that high inflation expectations could be a sign of policy uncertainty and thus depress spending. Cavallo
et al. (2017) show that the existence of a relationship between inflation expectations and consumption can
be explained by rational inattention: when the benefits of forming accurate expectations outweigh their
costs—such as in episodes of high inflation—household spending behaviour is more sensitive to inflation
expectations.
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The rest of the paper is organised as follows. In Sect. 2 we review the related
literature.We discuss possible economicmechanisms that link consumption decisions,
inflation expectations and the balance sheet in Sect. 3. The data are presented in Sect. 4.
In Sect. 5 we present our econometric framework. Results are discussed in Sect. 6.
Section 7 concludes.

2 Related literature

A number of influential contributions by Coibion and Gorodnichenko (2012, 2015a)
and Coibion et al. (2017) have initiated a renewed discussion about the formation
of inflation expectations and their macro- and microeconomic effects. They provide
substantial evidence that inflation expectations by consumers, businesses and even pro-
fessionals and central bankers do not satisfy the conditions for full information rational
expectations. Thus, consumers make systematic forecasting errors that, according to
Coibion and Gorodnichenko (2015b), can help explain macro-puzzles, such as the
missing disinflation in the US after 2009. In this paper we complement their work
by investigating the channels through which consumers’ inflation expectations affect
microeconomic choices.

More closely related to our research question are previous studies that have used
micro-data to estimate the effects of inflation expectations on consumer spending.
As stated above, no clear consensus has been reached on the direction or size of the
effect. Bachmann et al. (2015) use repeated cross sections of the Michigan Survey of
Consumers to investigate the effect of inflation expectations of households on their
“readiness to spend”. The authors relate readiness to spend to a survey question on
whether the current period is a good time to spend money on durable goods. They find
that during the zero lower bound episode higher inflation expectations had slightly
negative effects on the probability for households to have positive spending attitudes
arguing that high inflation expectations might be correlated with increased economic
uncertainty. The authors perform a number of regressions in search of heterogeneities
in the relationship between inflation expectations and spending attitudes, for instance
by including binary measures of home ownership and proxying an individual’s debtor
status with age. They do not specifically analyse wealth channels that moderate the
spending response to inflation expectations. Ichiue and Nishiguchi (2015) approach
the problem similarly, but with Japanese data and find strong positive effects of infla-
tion expectations on planned spending. They argue that, after a long period of zero
nominal interest rates, Japanese consumers have understood how inflation affects the
real interest rate and therefore react. The authors do not further investigate the role of
balance sheets. In contrast to both of these studies, we construct a measure of realised
spending and allow for a moderating role of balance sheet variables in the relation
between expected inflation and spending.

A very different approach has been taken by D’Acunto et al. (2016). Their paper
uses a value-added tax increase in January 2007 in Germany to estimate the effects
of exogenous changes in inflation expectations. Compared to households in other
European countries that did not experience the VAT increase, German households
were substantiallymore likely to havepositive attitudes towards spending in themonths
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before the tax increase came into force. A limitation of this approach is that the price
expectations of German households in November and December of 2006 contained
considerably less uncertainty than those of households in other European countries.
Households knew that a VAT increasewill unambiguously increase prices of consumer
products. They usually cannot form expectations with such certainty and precision.
The effect of inflation expectations on consumption might differ substantially in times
with less salient events or policy changes that nonetheless impact inflation.

The studymost similar to ours is Burke andOzdagli (2013). Using survey responses
on expected inflation and realised spending on a wide range of products of a panel of
American households between 2009 and 2012, they find much less clear results than
the studies presented above. Households do not seem to increase their durable expen-
ditures as a result of higher inflation expectations. In addition, they find evidence for
effects on non-durable expenditures, driven by owners of real estate. Even though we
analyse durable expenditures, this finding justifies our strategy of carefully investigat-
ing potential interactions of expected inflation with balance sheet variables. Burke and
Ozdagli (2013) can only observe binary measures of balance sheet variables, such as
home ownership. Crump et al. (2015) estimate the subjective elasticity of intertempo-
ral substitution based on survey responses on expected inflation and planned consumer
spending of a panel of American households in the Survey of Consumer Expectations.
They find that the elasticity of planned consumption to changes in expected inflation is
around 0.5. While planned spending is a better proxy for spending than “readiness to
spend”, it isn’t a realised measure neither. Based on a large panel of Eurozone house-
holds, Duca et al. (2018) find small positive effects of increased inflation expectations
on households’ “readiness to spend”. While they control for household wealth, they
do not examine the balance sheet channels we suggest.

3 Mechanisms

Next we discuss different mechanisms through which balance sheets could affect
households’ spending responses to changes in expected inflation. Potential candi-
dates are real interest rate and real wealth changes that result from changed inflation
expectations. In addition to balance sheet size and its net position, we also discuss
how differences in its composition could moderate the spending response of inflation
expectations.

3.1 Intertemporal Substitution

Consumers adapt their spending behaviour when relative prices change by substitut-
ing the more expensive for the cheaper good. Price changes over time also change the
purchasing power of consumers’ income in different periods which may affect their
selected intertemporal consumption bundle. These standard substitution and income
effects of relative price changes can be illustrated by the following basic set-up. Con-
sider the following intertemporal budget constraint for a household with nominal
income yt , nominal interest rate i and consumption good ct with price pt in periods 1
and 2:
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p1c1 + p2
1 + i

c2 = y1 + y2
1 + i

By normalising p1 to 1 and definingπe = p2−p1
p1

, we can rewrite the previous equation
as

c1 + 1 + πe

1 + i
c2 = y1 + y2

1 + i

An increase in πe raises the expected future price of the consumption good relative to
its current price and lowers the real interest rate. This triggers the standard substitution
effect: consumers want to increase current spending relative to future spending since
the price of the good is lower in the current period. In contrast, the direction of the
income effect depends on whether the consumer is borrower or saver. The lower real
interest rate benefits the borrower: by transferring income fromperiod2 to period 1, one
can increase total consumption compared to a situation with higher real interest rates.
Savers lose: the income they transfer from period 1 to period 2 earns less real interest,
therefore total consumption falls. Even this very basic set-up predicts differential
consumption responses for households based on their balance sheet position: debtors
will increase their current consumption by more than savers if their expectations about
future prices rise. The qualitative conclusion does not change if future income is
indexed to inflation, only the degree to which consumption is transferred to the current
period would be lower.

However, not all households face the same perceived borrowing conditions. Anal-
ogous to the argument made by Bernanke (1993) for firms, households with higher
net worth are generally seen as more credit-worthy by banks and might face better
borrowing conditions. Thus, even under constant economy-wide nominal interest lev-
els the perceived borrowing conditions for households do not only depend on their
inflation expectations. The same change in inflation expectations can lead to different
household-specific perceived borrowing conditions if the balance sheet quality differs.
Applying this idea to the relationship between inflation expectations and consumption
is not new: Ichiue and Nishiguchi (2015) make the same point in their analysis, but
cannot convincingly test it.

3.2 RealWealth

An increase in expected inflation leads to a reduction in expected real wealth since the
expected price level of the future period is nowhigher than beforewhile nominalwealth
has remained constant. For debtors the opposite is true: higher inflation will reduce the
expected real value of debt and thus increase their expected net worth. The observation
that changes inwealth have effects on consumption has beenwidely documented in the
past using both macro- and micro-data (Case et al. 2005; Mian et al. 2013). The most
appropriate measure for the exposure of a household’s financial position to changes
in the price level is its nominal net worth, i.e. assets minus liabilities.
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3.3 Balance Sheet Composition

However, this view on the real wealth channel may be too simplistic. There are various
reasons why differences in the composition of the balance sheet could lead to different
consumption reactions of households with the same nominal net worth. First, there are
differences in the sensitivity of various assets and liabilities to inflation. Real estate
or financial investments can serve as a protection against inflation. Fama and Schwert
(1977) have shown that returns on real estate protect fully against unanticipated as
well as anticipated inflation. They regressed the expected nominal return of several
assets on expected inflation. If the coefficient of expected inflation is equal to one, the
nominal return compensates for losses in real returns on average. Thus, the expected
real return does not change when inflation expectations change. More recent studies
have confirmed the long-run inflation hedging nature of real estate and found mixed
evidence for the short-run analysis conducted by Fama and Schwert (1977) (Anari and
Kolari 2002; Hoesli et al. 2008). While Fama and Schwert (1977) cannot confirm the
inflation hedging nature of stocks in the short term, later studies came to the conclusion
that in the long-run stock investments have the same inflation hedging property as
real estate (Schotman and Schweitzer 2000; Kim and In 2005). Households with a
substantial part of their wealth invested in these asset classes might not regard higher
future inflation as a threat to their future wealth since their investment strategy is
designed to protect against such developments. Even if this protection is not perfect, it
is superior to, say, for cash holdings. Householdswith cash holdings as their only assets
have nowayof protecting themselves against real losses due to inflation. Similarly, debt
contracts usually specify a nominal amount that has to be repaid. Here, higher inflation
expectations lead to an expected decrease in the real value of debt, i.e. increasing
real wealth. To summarise, households who invested large parts of their wealth into
real estate or financial investments are expected to exhibit less sensitivity to inflation
expectations in their consumption decisions.Householdswith relatively large exposure
to cash or debt may react more strongly since their expected real wealth necessarily
changes in response to changing inflation expectations.

Composition effects could play a role on the liability side as well. While most
liabilities are repaid in nominal terms, differences across liabilities arise with respect
to the interest payment schemes. Specifics of mortgage contracts play an important
role in the transmission of nominal interest rates to household behaviour, especially
consumption: Di Maggio et al. (2017) show that holders of adjustable rate mortgages
respond significantly stronger to nominal interest rate shocks than those with fixed
rate mortgages and without mortgages. These results have been confirmed in different
settings. Cloyne et al. (2020) show that household balance sheet composition in the
US and the UK alters the spending response to changes in the nominal interest rate,
suggesting differing marginal propensities to consume between home owners with
mortgages (high) and outright owners (low). Cumming and Hubert (2019) show a
positive relation between the share of financially constrained (adjustable rate) mort-
gage holders and aggregate consumption responses to monetary policy shocks. While
in the US and the UK interest on mortgages is predominantly paid at adjustable rates,
interest in the Netherlands is predominantly paid at rates fixed for more than one year
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(83% of the total volume (DNB 2020)). We argue that households with these kind of
mortgages are an interesting subsample to study the spending response to changes in
inflation expectations on. The argument builds on a similar intuition as that applied
by the authors cited above. Without nominal rigidities, changes in inflation expec-
tations should not have real effects. The insensitivity of interest payments on fixed
rate mortgages to nominal rates potentially increases the impact of changes in infla-
tion expectations on real expected disposable income.2 If the marginal propensity to
consume for more constrained households is indeed higher, those fixed rate mortgage
holders with lower net worth should exhibit a stronger response to changes in their
inflation expectations. We test this hypothesis in Sect. 6.3.

Any of the above channels imply that individuals with a different balance sheet
composition (both concerning the relative sizes of assets and liabilities and the rela-
tive importance of specific classes of assets and liabilities), but identical changes in
inflation expectations could exhibit differing spending responses. These considerations
give rise to an econometric specification in which we allow for interactions between
households’ expected inflation and its different balance sheet components. Section 5
outlines how we aim to test the different mechanisms and what effects they would
imply for our empirical analysis. By accounting for this interaction we depart from
the previous literature on the topic. All of the aforementioned authors have stressed in
their papers that wealthmight play a role in the relationship between expected inflation
and (durable) consumption. Our key contribution consists of testing this channel in a
novel way.

4 Data

Our aim in this study is to explore the interaction between households’ inflation expec-
tations and their balance sheets in determining spending decisions. Information on all
variables needs to be at the household level and available for the same household over
several years.

Contrary to previous studies, we set out to analyse realised consumer spending
instead of attitudes to spending in general. However, specific survey answers on total
(durable) expenditures might involve substantial measurement error. It is much easier
to recall expenditures for specificdurable goods since these items are seldompurchased
and each individual purchase accounts for a substantial fraction of total spending of
that period.

Additionally, our analysis requires balance sheet information on the household
level. The literature on wealth effects on consumption concludes that different types of
assets and liabilities might have different effects on consumer expenditures (Case et al.
2005). To provide a thorough account of the interaction we want to analyse individual
balance sheet components as well as the net financial position of the households.

For the reasonsmentioned abovewemake use of theDNBHouseholdSurvey (DHS)
administered by CentERdata (Tilburg University, The Netherlands) and issued by the
Dutch Central Bank (DNB). It includes households’ self-reported balance sheets and

2 This is the case under the assumption that real income stays constant.
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their expected one year ahead inflation rate. Part of the self-reported balance sheet
consists of vehicles owned by the household. We use this information to construct
a variable of household vehicle expenditures (more details below). The DHS is an
unbalanced panel of 12.439 households with annual observations between 1993 and
2018. More than one household member can respond to the survey. Since the balance
sheets are aggregated at the household level, we primarily use responses to household
member specific questions from the first member of the household. If the first member
has not answered a specific question we use the response of the second member. This
results in 52.055 household-year observations from which we construct our variables
of interest. The survey is typically completed by respondents between the 15th and
26th calendar week of a year with some exceptions in case respondents need to be
reminded of completion.

We want to stress the unique fit of this data set for our purposes. To our knowledge,
no previous study has made use of such extensive balance sheet information to analyse
the effect of inflation expectations on realised consumer spending.

In the following, we give an overview of the different variables of interest and
provide descriptive statistics.

4.1 Measuring durable consumption

In recent papersmany authors concentrate on analysing the effects of inflation expecta-
tions on durable consumption (Burke and Ozdagli 2013; Bachmann et al. 2015; Ichiue
and Nishiguchi 2015). We follow the literature in this respect. Durable consumption
is the component of aggregate consumption most likely to be affected by variations in
the real interest rate since it is more likely to be credit financed than expenditures on
non-durable goods. Additionally, demand for non-durable consumption is less elastic
to changes in macroeconomic conditions in general.

TheDNBHouseholdSurveydoes not includequestions on expenditures ondifferent
classes of durable goods. However, households do report a large part of their assets.
Among those are vehicles, such as cars, motorbikes and boats. For each of these items
households report the purchasing price and additional details on the vehicle, such
as its build year. We construct our expenditure variable by recording each time the
purchasing price changes. If the purchasing price stays constant but the build year
changes, a purchase is recorded as well. For the extensive margin, the consumption
variable takes the value 0 in case we record no change in the vehicle and 1 in case there
is a change.3 The fraction of households that have purchased a vehicle in a specific year
is shown in Fig. 1a.4 For those households that did buy a car we construct a variable
capturing the intensive margin of the purchase, i.e. the amount a household spent on

3 In “Appendix A” we show that our results are confirmed when recording purchases only if the purchasing
price differs by more than 1000e between two years. We are therefore confident that our results are not
driven by erroneous recollection of purchasing prices.
4 The peak in 2009 in the extensive margin is due to a car scrapping scheme implemented by the Dutch
government as a response to the crisis of 2008. No corresponding peak is observed on the intensive margin.
This means households did not buy more expensive cars due to the scrapping scheme, there were simply
more households that bought a car in that year. We use year-fixed effects to account for such effects.
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vehicles, i.e. the sum of changed purchasing prices. Figure 1b shows the mean, the
10th and 90th percentile of this variable’s distribution over the sample period.

It is unclear whether we should expect the effects outlined above to materialise
on the extensive or the intensive margin of a purchase. In theory, the mechanisms
could play a role in both decisions a household has to make. When emphasising
the extensive margin, we assume that households’ tastes regarding durable goods are
relatively fixed over time and the element of the decision that is subject to variations
in expected inflation is the timing of the purchase. In a year in which a household has
higher inflation expectations it might be more likely to buy the durable item it had
already planned to acquire for longer. This reasoning is consistent with some results
that emerged from the literature analysing the “hot potato” effect of inflation. The
“hot potato” effect refers to the observation that consumers spend their money faster
in times of high inflation. In a search based monetary theory model, Liu et al. (2011)
find that inflation affects especially the extensive margin of the purchasing decision.

On the extensivemargin, we observe 12,620 vehicle purchases throughout the entire
sample period. In 39,435 household-year observations, no purchase has taken place.
Figure 1c shows from how many household observations we can draw to construct
the extensive margin variable. For roughly 30% of households we only observe the
purchasing decision once. This means that these households participated in two con-
secutive waves of the survey, allowing us to evaluate whether the purchasing price
of their vehicles changed. Figure 1d depicts the fraction of households with a certain
number of vehicle purchases. For a majority of households we do not observe any
purchase. Roughly 45% of households we observe between one and five purchases.

However, the sample that enters our regression analysis shrinks considerably since
not all households answer all survey questions. Due to limited overlap with the vari-
ables capturing expected inflation, the remaining balance sheet variables, current and
expected income, we are left with 8663 observations from 3092 households. We use
the full sample when applying a linear probability model. The application of the condi-
tional logit model reduces our sample size further as it drops households for which the
extensive margin variable does not change value, leaving us with 4790 observations
from 909 households.

On the intensive margin we would be limited to a much lower number of obser-
vations. In our preferred specification we would have to rely on a sample of 2645
observations from 1396 households. In a fixed-effects framework an average num-
ber of 1.89 observations per panel unit would not allow us to draw any meaningful
conclusions. Therefore, we do not proceed with analysing the intensivemargin further.

How much can vehicle expenditures tell us about durable consumption? To answer
this question, we take a look at the aggregate durable and vehicle expenditures in
the Netherlands. Figure 1e shows all subcategories of total durable consumption as
defined by CBS, the Dutch statistical agency. Vehicle expenditures account for about
20% of total durable consumption in the Netherlands across the whole sample period.
They are the second biggest component of durable consumption after textiles and
clothing. Additionally, as Fig. 1f shows, they are highly correlated with total durable
expenditures (correlation coefficient of 0.95 between 1995 and 2015). We indeed find
that, on the aggregate level, vehicle purchases in the Netherlands instrument overall
durable consumption very well, as indicated in Fig. 1f and as suggested by an effective
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(marginal) F-statistic of 183. Furthermore, vehicle purchases have frequently been
used in the literature to gauge the dynamic behaviour of aggregate durable spending
(see e.g. Mian et al. 2013; Berger and Vavra 2015; Ravn et al. 2020).

4.2 Inflation expectations

In the DHS households are asked the following question about their expectations for
one year ahead inflation:

What is the most likely (consumer)prices increase over the next twelve months, do
you think?

Since 2008 the possible answers are given between 1 and 10% in steps of one.
Before, respondents were free to respond with any number they liked. To ensure
consistency between the responses given before and after 2008, we enforce the same
limitation in the answer range before 2008. Figure 1g shows the development of this
variable over time. There is a clear peak after the introduction of the Euro. After that
the downward trend in average expectations continues until well after 2008 and has
stabilised close to but above 2% after that.

Figure 1h compares average expected inflation in the Netherlands with the realised
CPI values. Expected inflation is structurally higher than realised inflation but trends
are well anticipated by households. The latter observation is more relevant for our
study since we are mainly interested in changes in inflation expectations. Secondly,
this alleviates concerns that inflation expectations by (laymen) survey respondents
are completely detached from actual inflation and instead measure expectations or
perceptions of some other variables.

4.3 Balance sheet

Table 1 shows the individual balance sheet components that households report as well
as the aggregation level at which we include them in our models (in bold). Grouping of
assets is largely determined by the liquidity of the balance sheet item. Among illiquid
assets we differentiate between real estate and other assets to acknowledge the special
role housing wealth could play. We group liabilities according to maturity. Mortgages
and other longer term debt (referred to as loans) are aggregated separately. The net
worth variable is constructed by subtracting liabilities from assets.

Instead of having to interpret our results in units of currency, we prefer to analyse
percentage changes. The usual log-transformation is not well suited for our variables
since many households do not possess some of the balance sheet variables. Their
observations would be lost in case of a log-transformation. In the case of the net worth
variable all negative net worth observations would be dropped as well. Instead, we
perform an inverse hyperbolic sine transformation (ihs).5 Table 2 gives descriptive

5 This transformation has been widely used in empirical work on household wealth (Burbidge et al. 1988;
Pence 2006). For values close to zero, the transformation is approximately linear and resembles a logarithmic

shape for larger absolute values: xihs = log

(
x +

(
x2 + 1

) 1
2

)
.
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Fig. 1 Descriptives
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statistics for all balance sheet variables that enter our regressions in the empirical
analysis.

5 Empirical approach

As pointed out in Sect. 3, there are several arguments why inflation expectations
could matter for spending decisions and how wealth could alter size and direction
of this relation. In this section we motivate our econometric approach in light of the
transmission channels we aim to investigate. To that end, we run fixed effects linear
probability models (LPM) as well as conditional logit (CL) regressions with the binary
purchasing variable as dependent variable.

5.1 Specification

Our analysis consists of two baseline specifications. We estimate a fixed effects linear
probability model as well as a conditional logit. Below we outline these two specifi-
cations. For the linear probability model we run the following regression:

Pr (cit = 1|Eit−1 (πt ) ,Wit−1, X i t−1, αi , κt )

= σ Eit−1 (πt ) + δEit−1 (πt ) × Wit−1 + φWit−1 + X i t−1θ + αi + κt , (1)

where αi and κt are household and year-fixed effects, Eit−1 (πt ) is household i ′s
expectation at time t − 1 for the inflation rate at time t , Wit−1 is the value of a
particular balance sheet variable in t − 1, and X i t−1 is household i’s set of other
characteristics at time t − 1.

In addition, we estimate the following conditional logit model:

Pr (cit = 1|Eit−1 (πt ) ,Wit−1, X i t−1, αi , κt )

= λ (σ Eit−1 (πt ) + δEit−1 (πt ) × Wit−1 + φWit−1 + X i t−1θ + αi + κt ) ,(2)

where λ denotes the logistic function. The fixed effects logit model imposes the condi-
tion that T >

∑T
t=1 cit > 0, where T is the total number of periods that the household

participated in the survey. This condition implies that only households whose expen-
diture variable takes on both possible values (0 and 1) are included in the estimation.
We construct inference based on bootstrapped standard errors.

Nextwe discuss how to interpret themodels in (1) and (2) in light of themechanisms
outlined in Sect. 3. Two coefficients in the above regressions are of special interest:
σ , the coefficient for expected inflation, and δ, the coefficient of the interaction term.
δ measures in which direction and with what magnitude a specific balance sheet com-
ponent scales the effect of inflation expectations on consumption. Conversely, when
including a single balance sheet components, σ measures the effect of expected infla-
tion on consumption if the household has no holdings of the balance sheet component.
For instance, when including net worth as the balance sheet variable, σ measures the
relation between inflation expenditures and spending if net worth would be zero. As
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Table 3 Signs of coefficients
consistent with the different
potential channels for the
interaction between the balance
sheet variable and expected
inflation (δ)

Channel Coefficient Expected Signs

Real Interest Rate δnet worth > 0

δassets > 0

δliabilities < 0

Real Wealth δnet worth < 0

δinflation hedges 0

δliabilities > 0

we argued in Sect. 3, the real interest rate channel would suggest a positive effect of
the interaction between expected inflation and household wealth, implying negative
effects for any interaction between liabilities and expected inflation. In contrast, the
real wealth channel would suggest a negative interaction effect between household
wealth and expected inflation. However, many assets serve as hedges against infla-
tion. The real wealth channel on its own would thus predict no significant interaction
effect when financial investments or real estate holdings are interacted separately with
expected inflation. Any interaction between liabilities and expected inflation is thus
expected to have positive effects on the spending variable. The mechanisms that we
discussed in Sect. 3 suggest opposite effects of the interaction between wealth and
expected inflation. The coefficient of the interaction term is the average magnitude of
the real interest and the real wealth channel. That is, if σ is significantly different from
zero, one of the two effects dominates. However, this would not necessarily prove the
absence of the other effect.

Table 3 gives an overview of the coefficients we would expect for the variables of
interest in our regression if the channels could be measured separately. Thus, if the
coefficients in our models align with the signs or magnitudes of these coefficients we
could claim that the respective channel dominates over the other.

Timing of households’ consumption decision

We only include households that are observed in at least two waves of the survey;
otherwise, we cannot determine differences (or lack thereof) in their vehicles’ pur-
chasing prices. Since we construct the expenditure variable by comparing purchasing
prices of vehicles and do not use specific questions on the subject, we do not observe
the exact date of the purchase. In our regressions we relate the vehicle purchase that
occurred between period t − 1 and t to the balance sheet, inflation expectations and
other characteristics observed in period t − 1. Since households are asked about their
expectations for the coming 12 months, we consider these 12 months as the current
period in which the effect on spending should play out. Figure 2 shows which period’s
observation of each of the previously introduced variables is used in our analysis.

Selection of controls

Consumers’ purchasing decisions are driven by many factors. We attempt to isolate
the role of inflation expectations and various balance sheet items. However, if we do
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Fig. 2 Timing of the purchasing decision

not control for other key predictors, estimation of the coefficients of interest may be
biased. While it is plausible to assume that current and expected income are relevant
covariates in this context, the survey provides us with detailed information on individ-
ual household characteristics (e.g. attitudes toward saving and risk-taking, financial
literacy, health, financial situation and expectations, etc.) and, hence, contain other
possibly relevant predictors.

In order to identify relevant covariates, we use the “post-double-selection” method
proposed by Belloni et al. (2014b). This involves a two-step LASSO regression, which
in a first step selects covariates that predict the dependent variable, and in a second
step selects variables predicting our independent variables of interest. The second step
is necessary to control for the omitted variable bias. Note that selected controls may
differ across regressions as we perform the “post-double-selection” for each regres-
sion separately. We always include current and expected income. Since we include
individual fixed effects in all (LASSO) regressions we expect that most time-invariant
household characteristics are controlled for, and only few (if any) additional controls
are needed to estimate the impact of inflation expectations on car purchases.6

6 Results

For the exposition of the results of our analysis, we proceed in steps. First, we present
the results from our baseline analysis in which we are mainly interested in the interac-
tion terms between expected inflation and various balance sheet variables. We present
estimates from fixed effects LPM and Logit regressions. In Table 4 results from the
Logit regressions are marked as CL in the column title. Lastly, we analyse a subsample
of households that have fixed interest rate mortgages.

As we argued in Sect. 3, the different balance sheet components are not expected
to moderate the effect of inflation expectations on spending in the same fashion. The
main reason are differences in their inflation-hedging potential. Certain assets like
stocks or real estate protect the investor better against inflation than cash, for example.
Additionally, we expect a difference between assets and liabilities in general. Debt
is usually repaid in nominal terms, which makes its expected real value sensitive to
expectations about inflation.

6 Not including fixed effects results indeed in a number of additionally selected controls. Many of the
selected covariates are often indeed time-invariant andmake intuitive sense, for example “Expected response
to credit application”, “Financial literacy”, or “Car provided by employer”.
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6.1 Balance sheet components

Table 4 presents the baseline results. For the regressions results shown in columns
one and two, we included all single balance sheet components and their interactions
with expected inflation. Collinearity is not an issue since net worth is not included
and therefore free to move. The results do not depend much on the specification used,
both the linear probability model (LPM) and the conditional logit (CL) give similar
results in terms of sign and magnitude of the estimator. All but one balance sheet
component do not significantly alter the relationship between inflation expectations
and the probability to purchase a vehicle. For the interaction term between finan-
cial investments and expected inflation both the LPM and CL estimates are positive,
the LPM estimate marginally above the 10% significance threshold, the CL estimate
marginally below. The relation between expected inflation and the spending decision
seems to bemarginally different for householdswithwithin-household deviations from
their average financial investment holdings compared to those at their average value.
Households with higher than average financial investments exhibit a stronger positive
reaction of expected inflation on their probability to spend. To quantify this relation,
consider a household with inflation expectations 2%-points7 above their mean: a 10%
increase in financial investments increases their predicted purchasing probability by
around 3.8%-points. Compare that to a household that is 5%-points above their mean
expected inflation: here, a 10% increase in financial investments increases the predicted
purchasing probability by almost 10%-points.

Column 2 of Table 4 shows the results of the analogous conditional logit regres-
sion to the OLS regression in column 1. The results look qualitatively similar. The
only balance sheet item that significantly alters the effect of inflation expectations on
spending probabilities are financial investments. The estimated coefficient of 0.0226
corresponds to an odds ratio of roughly 1,023. An odds ratio larger than one means
that as the value of the interaction term increases, the odds of having positive vehicle
expenditures in a given year rise.8

This result is in line with the real interest channel presented in Sect. 3. A falling
perceived real interest rate increases incentives to substitute future spending for current
spending.Only householdswith either sufficient collateral or sufficient internal finance
are able to act on their increased willingness to spend. However, as the predicted
probability plot shows, this moderating effect does not seem to be large enough to
affect the outcome in an economically meaningful way.

7 This corresponds roughly to an increase in inflation expectations of two standard deviations.
8 One may argue that the significant interaction between financial investment and inflation expectations
points to an endogeneity problem. If holders of risky assets would form more accurate expectations about
future price level changes, the interpretation of the results above would be altered. To investigate that issue,
we compare inflation expectations of households that are holding risky assets with those of households that
are not. Year-by-year KS tests show that the distributions of inflation expectations rarely differ between
holders of risky assets and the rest of the sample.
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Fig. 3 Plot of the predicted probability of positive vehicle expenditures for households for given percentiles
of the net worth distribution (based on estimates of column (5), Table 4)

6.2 Net worth

We continue our analysis by taking a different perspective on the role that individual
balance sheet components play. The rationale for analysing components individually
is that they differ in terms of their return or real value sensitivity to inflation. At
the same time, no component on its own is an appropriate measure of household
wealth. Therefore, we now analyse whether net household wealthmodifies the relation
between expected inflation and the probability to spend. Columns 3 and 4 of Table 4
provide the baseline results of this analysis. We apply the same strategy as above by
interacting the expected inflation rate of each household with their net worth to explain
the following period’s spending decision. The net worth variable is transformed from
levels using the inverse hyperbolic sine transformation that accommodates zero and
negative values while mimicking a log-linearisation (see Sect. 4).

In none of the three specifications in which we include net worth (columns 3, 4 and
5 in Table 4, we find strong evidence in favour of a moderating effect of net worth on
spending. However, all point estimates are negative and of similar magnitude. This
means that for households with a net worth that is below their household specificmean,
the predicted probability to spend increases.

A quantification of the fixed effects logit results in the same fashion as previously
done for the linear probability model is not possible. Predicted probabilities can only
be calculated by setting the fixed effects of all households to a uniform level and
assuming different values for the explanatory variables. We want to stress that this is
not an innocuous assumption. The reasonwhywe chose to run fixed effects regressions
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is that we believe there are good reasons why time-invariant household heterogeneity
should be controlled for in our analysis. By setting all fixed effects to zero we essen-
tially assume this is not the case. The reason why we present our results in this way
nonetheless is to illustrate how the estimated interaction effect would play out absent
any other heterogeneity and to quantify our results in a meaningful way. The predicted
probabilities are not to be interpreted as such literally. Including fixed effects would
certainly alter them. Figure 3 shows the predicted probabilities of positive vehicle
expenditures for different values of expected inflation and net worth.9 Each panel
displays the predicted probability of positive expenditures on the vertical axis and
expected inflation on the horizontal axis for values of net worth corresponding to the
50th, 75th, 90th, 95th and 99th percentile of the distribution in 2018.

We can clearly see that at the lower end of the net worth distribution, i.e. households
with negative networth, there is a stark difference in the point estimates of the predicted
probability of positive expenditure between low and high levels of expected inflation.
The negative point estimates we found are driven by those households at the lower end
of the net worth distribution. However, due to its insignificance and the imprecise esti-
mation of the coefficients for expected inflation and net worth, we cannot make strong
statements about the robustness of this result. As the figure shows, for households with
high expected inflation and low net worth, the 90% confidence interval includes all
possible probabilities. Note that unobserved, time-invariant household heterogeneity
is not taken into account here. Additionally, the confidence interval becomes verywide
for high levels of inflation expectations.

In Column 5 of Table 4 we present the results of a specification in which we include
only the two balance sheet measures whose interactions with expected inflation we
emphasised above: net worth and financial investments. This exercise supports the
findings from above. Financial investments amplify the spending response to expected
inflation while net worth has an (insignificant) dampening effect. This shows how
the net nominal exposure to inflation (measured by net worth) and balance sheet
composition (in this case, financial investments) can alter the spending response.While
the former effect would support the relevance of a real wealth channel were it stronger,
the latter is in line with the intertemporal substitution channel.

6.3 Fixed interest rate mortgage holders

For our research question fixed interest rate mortgage holders are an interesting case.
An important part of their expenses is directly tied to the nominal interest rate. In our
analysis thus far we have not been able to perfectly control for the nominal interest

9 The predicted probabilities are obtained in the following way: for all combinations of a given grid of
values for expected inflation (1 to 10 in intervals of 1) and the ihs-transformed net worth variable (fixed at
the shown percentiles of the net worth distribution in 2018) the plot shows the average predicted probability
across the sample (not the predicted probability at the mean of the remaining covariates). Net worth in the
regression was measured using positive values only but re-transformed to negative numbers for negative net
worth for better readability. Each observation is treated as if the given values in the grids were the observed
values for expected inflation and net worth. Then each household’s predicted probability is computed based
on the grid values and the remaining observed covariate values. The resulting probability in the graph is
the average predicted probability for each combination across households. Additionally, the fixed effect for
each household is set to 0.
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Fig. 4 Predicted probability plot: fixed rate mortgages (based on estimates of column (5), Table 5). Per-
centiles refer to the net worth distribution

rate. Time fixed effects take out variation in spending decisions due to movements of
the economy-wide nominal interest level. Controlling for net worth can also capture
household specific movements in the nominal interest rate by acting as a measure
of available collateral or the risk that a household will not be able to service its
debt. Especially the latter is an imperfect measure though. The payment of interest
on mortgages at fixed rates introduces an insensitivity of a large part of disposable
income to business cycles. At the end of 2018 mortgages worth roughly 30 billion
e were outstanding in the Netherlands, making up roughly 4% of GDP. Mortgages
corresponding to about 83% of the total volume have interest rates that are fixed for
more than one year (DNB 2020). With constant real income, changes in inflation
expectations therefore have a direct effect on expected real disposable income. If less
wealthy households have a higher propensity to consume, those households in our
sample that are more financially constrained (i.e. those with a lower net worth) should
exhibit a stronger spending response to expected inflation.

We apply this specification to the sub-sample of households with fixed interest
rate mortgages. In our sample around 90% of households that report a mortgage as
part of their balance sheet have a fixed interest rate mortgage. Unfortunately, the
number of households with a variable interest rate mortgage is too low to perform the
same analysis. We therefore resort to a sub-sample analysis instead of interacting all
variables of interestwith themortgage’s interest rate policy. Table 5 shows the results of
this exercise. Apart from interacting the household’s net worth with expected inflation
we control for the household’s net income as well as its expected income for the
following period. The Lasso post double variable selection procedure did not select
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any additional control variables. A comparison with the results to those in column 4
of Table 4 reveals that the observed behaviour from the full sample is much stronger
in the sub-sample of households with fixed interest rate mortgages. The coefficients
on expected inflation, net worth and their interaction are all larger in absolute value
and have a p-value below 0.1. Figure 4 shows the predicted probabilities for different
values of net worth under the assumption that the fixed effects are equal to zero. (We
refer to the previous section for a critical discussion of this assumption.) Absent time-
invariant householdheterogeneity, thefigure visualises themechanics of the interaction
between expected inflation and networth. Lownetworth householdswith fixed interest
rate mortgages react more strongly to higher inflation expectations than those with
a higher net worth. This result holds when including an interaction term between
expected inflation and the amount of outstanding mortgages the household has in its
balance sheet. This interaction term is insignificant and its inclusion barely changes
the values of the other coefficients of interest. In column 5 of Table 5 we include
net worth and financial investments as balance sheet variables, the two measures that
turned out to significantly affect the spending response in the whole sample. Among
fixed rate mortgage holders the coefficient on financial investments is roughly the
same as before, but not significant anymore. These results show that while individual
components of a household’s balance sheet, such as fixed interest mortgages, matter
for their consumption decisions the net nominal position determines the strength of
this relation.10

How can these highly indebted households finance a vehicle purchase? Descrip-
tive statistics can shed some light on this question. First, due to these households’
likely limited access to external finance, we should expect them to buy less expensive
vehicles. This is indeed the case: for households with negative net worth, the average
purchasing price is only half that of the rest of the sample. Additionally, even though
these households are net debtors, over 90% of them have positive cash balances. This
suggests that they do have internal finance available to make a car purchase. Another
frequently applied method of payment for cars is to include the old car in the payment
for the new one, in which case even less cash would be necessary.

As we pointed out in Sect. 4, potential measurement error could be driven by the
fact that households incorrectly remember purchasing prices of their cars and change
their response to the purchasing price question from one year to the other without
actually having purchased a new car. “Appendix A” therefore gives an overview of
the results of the preceding sections using a dependent variable that is robust to such
small changes in purchasing prices. All results presented above hold when utilising
this modified version of the dependent variable.

10 A similar endogeneity problem as discussed in Sect. 6.1 may bias our results. However, we do not
find evidence that fixed interest rate mortgage holders are any better in predicting inflation. Year-by-year
KS-tests show that expected inflation does not differ significantly between fixed mortgages holders and the
rest of the sample.
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7 Conclusion

In this paper we provide evidence of a balance sheet channel through which infla-
tion expectations affect durable consumer spending. We use a household survey that
contains uniquely detailed balance sheet information as well as a large range of
other household characteristics including inflation expectations. We discuss differ-
ent hypotheses why balance sheets could potentially mediate the spending response
to expected inflation. Our results suggest a mediating role of the real wealth channel:
the positive response of the probability to spend when inflation expectations increase
is stronger for households with lower average net worth. This effect is stronger for
households with fixed interest rate mortgages. We relate our findings to the growing
literature on the consequences of heterogeneous agents for the transmission of mon-
etary policy, in particular to Cloyne et al. (2020). They show that mortgage holders
react particularly strongly to interest rate shocks in their spending choices. We show
that a similar pattern is observable for changes in expected inflation.

We find differential effects of inflation expectations across the wealth distribution:
households with high amounts of debt and substantially overestimated inflation expec-
tations seem to commit costlymistakes if inflation does not live up to their expectations
(which it did not throughout our sample). Here, our study connects well to Vellekoop
and Wiederholt (2017). These authors show that households with higher inflation
expectations have lower net worth and are less likely to own non-liquid assets, such as
bonds, stocks or real estate. The remaining, inflation-sensitive balance sheet compo-
nents have much higher relative importance than for households with lower inflation
expectations. One conclusion for policy is therefore to improve the accuracy of house-
holds’ inflation expectations. Recent research has shown that this can be done in two
ways. More financially literate individuals tend to be better at forecasting inflation
(Bruine de Bruin et al. 2010). At the same time, central banks themselves can con-
tribute to better formation of expectations. Coibion et al. (2019) show that providing
survey respondents with details about FOMCmeetings—be it only the decision or the
entire minutes—substantially improves the accuracy of their inflation forecasts. Better
central bank communication could thus play an important role in helping households
avoid costly mistakes in their economic decision making.
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Appendices

Appendix A: Measurement of vehicle purchases

We measure vehicle purchases by comparing the survey participants’ responses to
questions on the price and build year of their vehicles to the same respondents’ answers
from previous years. If the reported purchasing price changes from one year to the
next, a purchase is recorded. This comparison could erroneously record a purchase if
respondents remember the price incorrectly in one year, but not the next. Therefore,
we report the results to all regressions in Sect. 6 replacing the baseline purchasing
variable with an alternative variable that is robust to such reporting errors. We exclude
any recorded purchases in which the purchasing price differs by 1000 e or less from
the price of the previous car. As the observation count in the bottom of the tables
show, this reduces the number of households for which we observe years with and
without purchases only slightly. At the same time, all effects that we describe in the
baseline results remain roughly constant or become somewhat stronger when using
the purchasing measure that is robust to small changes.
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