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Abstract

We examine the effect of monetary policy on household spending when households are in-
debted and interest rates on outstanding loans are linked to short-term interest rates. Using
administrative data on balance sheets and consumption expenditure of Swedish households,
we reveal the cash-flow transmission channel of monetary policy. On average, indebted house-
holds reduce consumption spending by an additional 0.23-0.55 percentage points in response
to a one-percentage-point increase in the policy rate, relative to a household with no debt. We
show that these responses are driven by households that have some or a large share of their
debt in contracts where interest rates vary with short-term interest rates, such as adjustable-rate
mortgages (ARMs), which implies that monetary policy shocks are quickly passed through to
interest expenses.
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1 Introduction

A fundamental question in macroeconomics is how monetary policy exerts its influence on the
real economy. In standard macroeconomic models, the interest-rate channel is the primary trans-
mission mechanism. According to this mechanism, forward-looking households change the slope
of their consumption profiles when interest rates change. Although monetary policy indeed ap-
pears to affect the real economy, the empirical support for this mechanism is mixed and the evi-
dence indicates that the effects are both stronger and of a different character than predicted by the
interest-rate channel. This suggests that other mechanisms may also be at work.!

One such potential mechanism is the cash-flow channel.?> According to this mechanism, mon-
etary policy has a direct effect on household spending through households’ cash flows and dis-
posable incomes. When the central bank raises its policy interest rate, the interest-rate expenses
of households with debt tightly linked to short-term rates—such as adjustable-rate mortgages
(ARMs)—rise, thus reducing the households” disposable income. If households are forward-
looking and have good access to financial markets, such variations in cash flows need not result
in tangible consumption responses. But if households are myopic, liquidity constrained, or for
some other reason unable or unwilling to draw on savings or increase debt in response to tem-
porarily lower disposable income, monetary policy-induced interest rate increases will reduce
their consumption spending. Under these circumstances, monetary policy affects private spend-
ing through this cash-flow channel, in addition to the conventional channels.

In this paper, we assess the empirical support for this channel using administrative data on
Swedish households. We argue that Sweden offers an ideal laboratory for three reasons. First, in
Sweden, household debt is relatively high and ARMs are common. Throughout our sample pe-
riod, ARMs accounted for 30 to 40 percent of the aggregate value of outstanding mortgage debt.
These ARMs typically have an interest fixation period of only three months.®> Second, ARMs are
standard products on the Swedish mortgage market, and most households have adjustable rates
on at least some share of their debt. That is, they are neither disproportionally held nor directly
targeted to particular types of households. Moreover, the characterization of the Swedish mort-
gage market is such that it is unlikely that our results are contaminated by important selection
into different types of loan portfolios depending on household characteristics or spending behav-
ior.* In support of this notion, we find that households that we classify in our data as holders of

! Attanasio and Weber (2010) and Jappelli and Pistaferri (2010) survey the empirical support for the consumption
theories that underpin the interest-rate channel. Boivin et al. (2011) discuss the different transmission mechanisms that
have been suggested in the literature, and the (often weak) empirical support for these mechanisms.

This terminology has previously been used by, e.g., Cloyne et al. (2019), whereas Berben et al. (2004) and Di Maggio
etal. (2017) refer to the same channel as the “income channel.” However, Boivin et al. (2011) do not mention this channel

in their survey.

3According to Statistics Sweden’s Financial Markets Statistics, the fraction of mortgages that had an interest-rate
fixation period of one year or shorter at origination varied between 42 and 58 percent in 2003 to 2007.

*In general, a possible concern is that households may select into ARMs based on household-specific characteristics
that correlate with the sensitivity to the macroeconomic environment. For theoretical arguments in this direction, see,
e.g., Campbell and Cocco (2003), Campbell and Cocco (2015) and Badarinza et al. (2018) for recent empirical evidence.
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ARMs are observationally similar along a variety of important dimensions to households holding
fixed-rate mortgages (FRMs).” Third, studying the importance of this channel in Sweden offers an
empirical setting with access to detailed household-level data. A common challenge in previous
studies on the impact of monetary policy on consumption is the lack of suitable data sets that
feature both a high-quality measure of consumption and data on households” wealth and balance
sheets that are representative for the population. We overcome this problem by using administra-
tive panel data from tax returns and other registry-based data. This data source provides us with
detailed information on all income, assets, and debt. As in Koijen et al. (2015), the details of these
data enable us to impute a measure of consumption expenditure using the accounting identity
that total consumption expenditure equals the sum of total income and capital gains minus the
change in wealth. Furthermore, analyzing responses at the level of the individual household mit-
igates the common problem when trying to evaluate the impact of monetary policy on economic
outcomes that changes in monetary policy are endogenous to the development of the economy. In
our setting, all households are affected by the same monetary policy, but if the cash-flow channel
is important, the households” consumption responses vary, depending on their debt contracts and
balance sheets.

Guided by theory, we examine how monetary policy affects consumption for households with
a large debt-to-income ratio relative to households with a smaller debt-to-income ratio, and for
households with ARMs relative to households with FRMs. We also examine how debt-to-income
ratios and debt contracts interact with households’ liquid assets-to-income ratios. We report three
kinds of results that lend strong support to the importance of the cash-flow channel of monetary
policy.

Our first result is that households with high levels of debt relative to their income respond
substantially more to a change in the monetary policy interest rate than households with little or
no debt. OLS estimates imply that when the central bank raises its interest rate by one percent-
age point, the average household, which has debt roughly equal to one year’s disposable income,
reduces its consumption by about 0.23 percentage points relative to a similar household with no
debt. This analysis faces a standard problem of a possible reverse causality when assessing the
effects of macroeconomic policy: households respond to monetary policy, but monetary policy
may also respond to the economic conditions of households. To overcome this issue, we measure
innovations in monetary policy that are entirely due to policy shifts and not to the macroeco-
nomic development. This enables us to identify consumption responses to unanticipated changes
in interest rates, separated from those that are anticipated based on macroeconomic conditions.
Following recent examples from the literature on monetary non-neutrality, we use monetary pol-
icy shocks as an instrumental variable for changes in the policy rate. Our IV estimates are fifty
to one-hundred percent greater than our OLS estimates. Translating our estimates into a relative
marginal propensity to consume (MPC) out of changes in disposable income, or cash flow, they

5 As further support of this notion, previous analysis has found that outcomes related to households’ financial health,
such as the probability of mortgage default, do not correlate with the choice of interest-rate fixation (Holmberg et al.,
2015).



imply an MPC in the interval 0.19-0.50. Importantly, our results are robust to using the average
aggregate interest rate faced by households instead of the monetary policy rate.

Although our estimates depend on the exact empirical specification, they can be compared to
regression estimates on data generated from model simulations. Our comparisons suggest that
our estimates are at least three times as large as those from households with ARMs that respond
optimally, according to standard neoclassical theory, to a temporary shock. Rather, our estimates
are consistent with responses to a persistent shock to the interest rate where half of households
have ARMs (and the remainder have FRMs) and where half of households respond optimally, and
the remainder display hand-to-mouth behavior.

Our second result is that households” consumption responses crucially depend on the interest-
rate fixation of their mortgages. Using a proxy measure for the shares of ARMs and FRMs in the
loan portfolio of each household, we estimate responses by households’ share of debt in ARMs.
Separating the consumption responses of households along this dimension reveals a substantial
difference in elasticities and MPCs out of an interest rate change. Households with a high share
of ARMs respond strongly to a change in the policy rate, whereas households with a low share of
ARMs (high share of FRMs) do not.

Our third result highlights the strong interaction between mortgage type and the level of lig-
uid assets-to-income. We consistently reject that responses of households with ARMs and low
liquid assets-to-income are equal to responses of households with ARMs and high liquid assets-
to-income. In contrast, this is not the case for households with FRMs.

In sum, our findings are consistent with widespread hand-to-mouth behavior among house-
holds. Furthermore, they suggest a high prevalence of relatively wealthy hand-to-mouth house-
holds. In line with this interpretation, we note that only 22 percent of the homeowners’ net worth
are in liquid assets, whereas 78 percent are tied to illiquid assets. Moreover, there is a strong neg-
ative correlation between debt and liquid assets. While the average homeowner has liquid assets
corresponding to eight months of disposable income, homeowners with a high debt-to-income
ratio have less than three months” worth of income in liquid assets.

Our paper contributes to a recent empirical literature on the relation between household debt,
mortgage markets, and the transmission of monetary policy. Di Maggio et al. (2017) study a group
of U.S. households with mortgages that face interest rates that are held fixed for five years before
being automatically adjusted. They exploit the staggering of such contracts to estimate consump-
tion responses to changes in interest rates and find strong responses in car purchases to a change in
interest expenses. An important difference between their study and ours is that we use a compre-
hensive expense-based measure of consumption rather than being limited to a measure of durable
consumption such as car purchases. La Cava et al. (2016) explore the cash-flow channel in Aus-
tralia using the large decline in interest rates early on in the financial crisis. They find that durable
consumption responds more strongly to changes in cash flows for borrowers than savers, in par-
ticular for borrowers that hold debt with variable interest rates. Cloyne et al. (2019) study the
response of expenditure and income to monetary policy in the United Kingdom and the United



States.® In the absence of detailed balance sheet information, they use housing tenure status as
a proxy for debt positions, finding that the consumption response to a temporary cut in interest
rates depends on households’ balance sheets. However, they argue that the general equilibrium
effect of monetary policy on income is quantitatively more important than the direct effect of cash
flows. In contrast to Cloyne et al. (2019), we are able to study responses across the distribution of
debt positions even among households with the same housing tenure status, and thus shed some
further light on the mechanisms at work. Jappelli and Scognamiglio (2018) study the consump-
tion responses to interest rate reduction for holders of ARMs relative to those with FRMs in Italy
during the Great Recession. Different from our study and other related studies, they find a very
weak consumption response to a change in interest expenses and therefore limited support for the
cash-flow channel. Using aggregate data, Calza et al. (2013) document that the transmission of
monetary policy shocks to residential investment and house prices is stronger in countries with
more flexible and developed mortgage markets, and that responses in consumption are stronger
in countries where there is a higher prevalence of ARMs.

The long period with an extraordinarily expansionary monetary policy after the outbreak of
the financial crisis has resulted in a discussion about the distributional impact of monetary policy
(see, e.g., Bullard, 2014; Mersch, 2014; Bernanke, 2015). Our findings of heterogenous effects of
monetary policy on household spending complements a recent but growing literature studying
heterogeneous and distributional effects of monetary policy. Recent empirical papers that more
directly study the distributional impact of monetary policy include Sterk and Tenreyro (2018),
Casiraghi et al. (2018), and Wong (2019), whereas Garriga et al. (2017), Gornemann et al. (2016)
and Auclert (2019) are recent theoretical contributions to this literature.

More generally, our study is related to an extensive literature studying household consump-
tion responses to fiscal stimulus programs, such as tax rebates, as well as other shocks to unearned
income. This includes Shapiro and Slemrod (2003), Johnson et al. (2006), Agarwal et al. (2007),
Shapiro and Slemrod (2009), and Parker et al. (2013), who study the effect of the 2001 and 2008 eco-
nomic stimulus payments in the United States on consumer spending.” In all cases, the authors
find a considerable consumption response to these income shocks, and the response is stronger
for those that are more likely to be liquidity constrained. We view our paper as a monetary-policy
analog to this work.

The remainder of the paper proceeds as follows. In Section 2, we provide a theoretical moti-
vation for our empirical strategy, illustrating how the consumption behavior underlying the cash-
flow channel differs from the standard consumer theory behind the interest-rate channel. Section
3 provides details on the data we use in our analysis and the background to our empirical setting.
In Section 4 we outline our empirical strategy and in Section 5 we present our empirical results.
Section 6 then summarizes a range of checks that illustrates the robustness of our results. Sec-

Like in Sweden, ARMs make up a large share of the mortgages in the United Kingdom, whereas FRMs are more
prevalent in the United States.

“Studies of consumption responses to other sources of shocks to disposable income include, e.g., Stephens (2008),
Kueng (2018), Hsieh (2003), and Agarwal and Qian (2014).
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tion 7 concludes the paper. Some additional material, supplementary analyses and details of our
theoretical framework are relegated to an Online Appendix.

2 Theoretical motivation

Our analysis rests partly on theories of hand-to-mouth behavior and partly on recent models in
which mortgage contracts are a source of transmission of monetary policy. Deviations from stan-
dard consumption smoothing have been considered for a long time. Carroll and Kimball (1990)
show that the average marginal propensity to consume increases in the presence of borrowing con-
straints and uncertainty. Campbell and Mankiw (1990) introduce "rule-of-thumb" consumers as a
potential explanation for the excess sensitivity of consumption. The role of mortgages in the trans-
mission of monetary policy has also been discussed for a long time. Bernanke and Gertler (1995)
and Mishkin (2007) point out that changes to short-term nominal interest rates affect households’
mortgage burden, in turn affecting housing demand. Recently, models with mortgages demon-
strate a more direct effect on households” overall consumption spending (see e.g. Garriga et al.,
2017; Wong, 2019).

We structure our argument regarding the cash-flow transmission channel using two models.
We first consider hand-to-mouth behavior in a model of an infinitely lived household with no
nominal rigidities (see Online Appendix A for full details). Consider a household whose financial
wealth is small relative to its interest-only ARM, implying that net financial assets is approxi-
mately equal to minus the balance of the household’s ARM.® Let d; denote this mortgage debt.
The intertemporal budget constraint reads ¢; — di11 = y: — d¢(1+7:), where ¢; is consumption, y; is
labor income, and r; is the real interest rate. By definition, hand-to-mouth households (henceforth
HtM households) hold net financial assets constant. Hence consumption obeys ¢; = y; — r; - d;. In
other words, the marginal propensity to consume out of a change to the short-term interest rate
is equal to one. This is the response if a household is borrowing constrained or if it behaves in
such a way for other reasons (e.g., due to deviations from rationality). To obtain a measure of the
elasticity in the response, we log-linearize the consumption function around steady state to get:

AlogctzG-Alogyt—G-g~An, (1)
Yy

where 6 is the inverse of the household’s (steady-state) consumption-to-income ratio and g the
(steady state) debt-to-income (DTI) ratio. This equation shows that the percentage consumption
response to interest rate changes is proportional to the household’s DTI ratio. Note also that the
response of HtM households does not depend on when information about the interest rate change
arrives. Their consumption responds when their cash flow changes, irrespective of whether the
change was anticipated or not. In contrast, rational consumption smoothers have an identical
elasticity in their consumption response, regardless of their DTI ratio (provided that wealth effects

¥Notice that for the typical mortgage holder, gross financial assets is small relative to the value of the mortgage.



and the likelihood of becoming constrained in the future can be ignored).’

Let us now consider a more complex partial equilibrium model (see Online Appendix B for
full details). In this model, building on Garriga et al. (2017), households’ life spans are finite, there
is persistence in interest rate shocks, and mortgage contracts are nominal and in the form of either
ARMs or FRMs. To mimic the Swedish setting, the FRM has a 5-year interest-rate fixation period.
Rational optimizing households have access to a one-period nominal bond. The shocks to the
short-term nominal interest rate may be equivalent to a real shock (i.e., inflation is unaffected) or
partially nominal (i.e., positively correlated with inflation). In the extreme, the shocks are purely
nominal and the Fisher equation holds. '

We first consider optimizing households” consumption response to a change in the nominal
interest rate in the case when inflation is unaffected. For optimizing households with ARMs, the
response is immediate and uniform across DTI ratios, as in the simpler model (ignoring differences
in remaining life span that imply a small difference in wealth effects). The response is entirely a
function of intertemporal substitution. For a temporary positive shock, optimizing households
intertemporally smooth consumption by borrowing some more in the one-period bond so that
the consumption response is small (i.e., the optimal response requires access to a buffer). The
greater the persistence of the shock in the interest rate, the greater the response in consumption.
For optimizing households with FRMs, the response is immediate too, provided that the shock
is persistent and lasts longer than the interest-rate fixation period of the households” mortgage.
Optimizing households with FRMs strive to smooth consumption over time and achieve this by
saving more and consuming less today. So for optimizing unconstrained households with either
kind of mortgage contract, the consumption response is essentially independent of the DTI ratio,
but somewhat stronger for households with ARMs than for households with FRMs. The magni-
tude of optimizing households’ responses depends on how inflation is affected. In the extreme
case when the Fisher equation holds, households with ARMs are compensated exactly by oppos-
ing short-term and long-term wealth effects and their consumption does not respond at all (though
changes in the bond positions are large). In this extreme case, households with FRMs gain from
higher inflation.

We now turn to HtM households. As in the simpler model, HtM households’” consumption
response is not uniform but rather proportional to the DTI ratio. HtM households with ARMs

“Rational unconstrained households’ responses can be thought of as obeying A log ¢; = d;, where & is a time fixed
effect common to everyone.

OWWe focus on the income effect of Garriga et al. (2017) and abstract from the price effect on housing associated with
housing transactions. This is consistent with our empirical approach, where we exclude households that transact hous-
ing (yet, all households are exposed to a common house price effect). Another related model is Wong (2019). In an
incomplete markets model calibrated to the United States, she highlights the role of refinancing of FRMs for mone-
tary policy transmission. In a counterfactual analysis, she also finds that the monetary policy transmission through
mortgages is stronger in an economy with ARMs. Greenwald (2018) sets up a general equilibrium model with loan-
to-value and payment-to-income constraints and studies monetary policy transmission in it. Auclert (2019) develops a
consumer theoretic framework where households’ net nominal positions and unhedged interested exposure matter for
the response. See further discussion in Online Appendix B.



respond immediately, whereas HtM households with FRMs respond with a delay (i.e., only when
the interest-rate fixation period ends). Finally, HtM households do not consider future inflation.
Hence, the short-term consumption response of HtM households with ARMs is essentially inde-
pendent from the shock’s effect on inflation.

We highlight four implications from our model for household behavior. First, HtM house-
holds” responses are approximately proportional to their DTI ratio, whereas optimizing house-
holds’ responses are independent of their DTI ratio (ignoring borrowing constraints) and smaller
than HtM households” as long as the shock to the interest rate is not very persistent. Second,
HtM households respond to both anticipated and unanticipated changes, whereas optimizing
households respond only to unanticipated changes. Third, how shocks to the nominal interest
rate affects inflation matters little for the short-term consumption response of HtM households
with ARMs. Fourth, we note that consumption of optimizing households with ARMs responds
stronger than consumption of households with FRMs and that optimal responses of households
with ARMs requires access to a buffer of liquid assets or to credit.

3 Data and Institutional Background

3.1 Data description

The main data set we use is the Swedish registry-based panel data set LINDA (Longitudinal IN-
dividual DAta for Sweden). This data set is representative of the Swedish population, covering
a random sample of 300,000 households and their members. Since in Sweden, as in other Scan-
dinavian countries, each taxpayer has a unique social security number, we are able to construct
a panel using several sources of administrative data. Our sample period covers 2000-2007. Dur-
ing this period, Sweden levied a wealth tax that required every financial institution to provide
the tax authority with comprehensive information on all taxpayers” wealth, in addition to infor-
mation on earnings and income.!! The tax registers therefore include information on all taxable
income and transfers, tax payments, liabilities and taxable wealth, including the value of real es-
tate (i.e., houses, apartments, and cabins), cash holdings on bank accounts, bonds, stocks, and
mutual funds.!?

The market values of single-family houses and cabins are assessed by Statistics Sweden. They
are a function of a long list of characteristics of the property and updated yearly using a price
index constructed from transactions in a given municipality in each year. The market values of
apartments (shares in co-op associations) are also assessed by Statistics Sweden but with more
noise. The values of financial assets are detailed, and, for instance, each household reports each
and every listed stock or mutual fund it holds in its tax filings (see Calvet et al., 2007). The data

"Most of this information was submitted automatically to the tax authority by employers, banks, and public author-
ities and registers.

2For further details on the data set used in the current paper, see Koijen et al. (2015), and for a detailed account of
the data collection process for LINDA, see Edin and Fredriksson (2000).



set contains information on total household debt, which is the debt measure we use in the empir-
ical analysis. The data set also contains information about annual interest expenses on that debt.
Finally, the data set includes residential location for each household and various demographic
variables.

The unit of analysis is the household, meaning that individual data have been aggregated to
the household level using marital status, residential location, and parent-child linkages (house-
hold identifiers are constructed by Statistics Sweden based on this information). Household char-
acteristics, such as age and education, represent a household head, which we take as the oldest
individual in the household unless more than one individual is of that same age, in which case we
choose the oldest male.

3.2 Imputing consumption

We use this detailed data set to impute a measure of consumption expenses based on the approach
tirst developed by Browning and Leth-Petersen (2003) and that has been adapted and applied to
Swedish data in Koijen et al. (2015). This is a necessary step in our exercise, as our main outcome
of interest is in terms of household spending.

A common way of describing a given household i’s budget constraint in year ¢ is as follows:

d a
Cit =Yt + Adip —ridiz—1 — Aaip + 1011 (2)

That is, consumption, ¢, is constrained by disposable income, y, the change in outstanding debt,
Ad, interest payments, rdd, savings, Aa, and their returns r“a. Based on the notion that the budget
constraint can serve as an accounting identity in a given year, it can be used to impute a measure
of consumption as total income net of change in wealth from the previous period. This is possible
since all terms on the right-hand side of equation (2) are observable in our data. Mapping equation
(2) into the detailed structure of our data gives the identity:

Cit = Yit + Adiy — T’fl,tdz‘,t—1 — Ab;p — Avip — Aty — wig, 3)

where the household’s disposable income, y;, includes labor income, transfers and benefits (all
net of taxes), and financial income; Ad is the change in debt; rdd are interest payments; Ab is the
change in deposits on bank accounts; Av is an active re-balancing of mutual funds, stocks, and
bonds; Ay are changes in capital insurance accounts; and w are contributions to private pension
savings. Equation (3) is identical to the imputation method in Koijen et al. (2015), which describes
the accuracy of this method through a comparison with additional information and surveys.!

3Relative to Koijen et al. (2015), one refinement has been made that concerns bank accounts. Bank account deposits
are reported only if certain criteria are met, and those changed in 2006. In 2000-2005, a deposit in a bank account
was reported in the Swedish tax records if the earned interest from that account exceeded SEK 100, while in 2006 and
2007, the deposit was reported only if the balance in the account exceeded SEK 10,000. Overall, the new rule implies an
improvement in accuracy. However, to avoid over-stating the savings between 2005 and 2006, we artificially implement
the reporting rule of 2000-2005 also on the latter period when imputing consumption.
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3.3 Sampling restrictions

Our household-level panel data set is outstanding in that it contains detailed information about
the households’ balance sheets at an annual frequency. Nevertheless, we impose a few restrictions
on our sample, most of which are related to the construction of the consumption measure where
we follow Koijen et al. (2015). First, we require households to be present for two consecutive years.
Second, we drop households that transact in real estate or apartments because such events require
additional careful adjustments that rely on additional non-registry-based data (see, e.g., the dis-
cussion in the Appendix of Sodini et al. (2017)). In addition, we exclude observations with outliers
in disposable income, the debt-to-income ratio, or the consumption measure. All in all, our sam-
ple corresponds to approximately 25 percent of the LINDA households in 2002-2007. Table A .4 in
the Appendix C reports incremental changes to the sample as restrictions are imposed.

3.4 The Swedish mortgage market

Our proposed transmission channel of monetary policy relies on a high prevalence of ARMs. Fig-
ure la displays the division of new mortgages in Sweden by the duration of interest-rate fixation,
where ARMs are defined as those where interest rates are adjusted every three months or more fre-
quently. The figure shows that a large share, almost half, of the new mortgages issued during our
sample period were on adjustable rates. In terms of the total stock of the outstanding mortgage
debt, Figure 1b reports that the value-weighted share of ARMs was between 30 and 40 percent
during the sample period.* Furthermore, FRMs in Sweden have a fairly short interest-rate fix-
ation period. 90 percent of the new mortgages have a fixation period of less than five years. In
addition to mortgage debt, a large part of other loans to households, such as car and consumption
loans, has adjustable rates. This implies that lenders, at least partially, pass through a rise in their
own borrowing costs by raising their interest rates. Taken together, these aggregate statistics im-
ply that changes in the monetary policy rate are quickly passed through to changes in households’
interest expenses.

An important characterization of the Swedish mortgage market is that households frequently
hold a combination of ARMs and FRMs, rather than one or the other. These components have
different durations of interest-rate fixation, which differ from that of the mortgage itself, meaning
that their rates will be reset at different points in time (Sveriges Riksbank, 2014). There are two
reasons for households to choose ARMs. First, interest rates on ARMs have historically often been
lower than rates on FRMs. Second, if a household with an FRM wants to repay, refinance, or
change conditions on the mortgage—e.g., negotiate a new interest rate—it has to compensate the
bank for the interest rate differential if market rates have fallen. In other words, the borrower bears
the cost of refinancing to adjustable rates. In this way, households with FRMs cannot respond to
decreasing interest rates by simply changing contract type during the interest-rate fixation period.
Banks therefore frequently recommend a combination of FRMs vs. ARMs as it lowers the risk

Gince then, the share with adjustable interest rates has continued to increase. In 2018, approximately 70 percent of
outstanding mortgage debt had a duration of less than one year.
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that the whole loan will be adjusted to a higher rate, while enabling households to benefit from
decreasing interest rates. How households choose the shares of FRMs and ARMs is then likely
to depend on current market conditions when the mortgages were issued, for instance at times of
house purchases, and are therefore predetermined at the time when we study the effects of interest
rate changes on their consumption expenditure.

These aforementioned characteristics of the Swedish mortgage market lessen the concerns over
selection into one type of mortgage contract relative to another. As discussed below and presented
in the Appendix, we find evidence in our data that households that we identify as holders of
ARMs are observationally similar to FRM holders along a variety of important dimensions. In
support of this notion, previous analysis has found that outcomes related to households’ financial
health, such as the probability of mortgage default, do not correlate with the choice of interest-rate
tixation (Holmberg et al., 2015). Moreover, across households with different cash-flow margins
and debt-to-income ratios, there are limited indicators of systematic differences in the duration of
interest-rate fixation. Households with low cash-flow margins do, if anything, hold a somewhat
lower share of their debt in adjustable rates (Finansinspektionen, 2017). Other things equal, this
would imply that households with a larger share in ARMs should be better equipped to take on
an unexpected increase in expenses, e.g., due to higher interest rates.

3.5 Characteristics and indebtedness of Swedish households

We wish to highlight some general characteristics of Swedish households and their balance sheets.
Table 1 reports summary statistics for our sample as a whole as well as separated into renters and
homeowners. Homeowners are more resourceful than renters along essentially any dimension.
For instance, they are more educated and have higher incomes. Adult equivalent disposable in-
come differs by 29 kSEK and adult equivalent consumption by 19 kSEK.!> Homeowners have
more liquid assets than renters, 168 kSEK compared with 69 kSEK. However, most of their wealth
is in illiquid assets. The average loan-to-value ratio is 0.45, and 78 percent of the net worth is
illiquid assets.

Figure 2 graphically illustrates why homeowners in our sample with a high debt relative to
income (DTI) are likely to be more sensitive to interest rate changes than relatively less indebted
homeowners. The top panels display the mean and median asset and debt balances in relation to
disposable income for three groups: renters, homeowners with a DTI less than 3, and homeown-
ers with a DTT equal to or greater than 3 (we refer to the latter as high DTI households). The group
of homeowners with a high DTI ratio comprises 9.2 percent of all homeowners. Whereas illiquid
assets are relatively evenly distributed among homeowners—the mean is 4 for homeowners, and
6 for the high DTI group—Iliquid assets are less evenly distributed. The average homeowner has
liquid assets worth approximately 8 months of disposable income. In contrast, the most highly
indebted group has less than 4 months of disposable income. These statistics relate to a growing

>The exchange rate during our sample period was approximately 7.50 SEK/USD, so 1 kSEK is approximately equal
to USD $133.
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literature (e.g., Kaplan et al. (2014)) emphasizing the importance of the liquidity of households’
wealth for understanding consumption responses to income shocks and emphasizing the signifi-
cant share of wealthy HtM households in the population.

The bottom panels of Figure 2 display a cross-sectional variation in interest expenses relative
to disposable income and consumption. Homeowners with a high DTI ratio spend on average 15
percent of their yearly disposable income on interest expenses. A doubling of the interest rate that
homeowners face would thus imply that the median homeowner in the high DTI category would
deplete the liquid assets within one year, unless they adjust their income or consumption. These
households are wealthy in terms of illiquid wealth but hold very little liquid wealth. Thus, these
households are likely to have a high propensity to consume out of changes in transitory income
and to not react strongly to news about future income changes. Another measure of interest rate
risk is the ratio of liquid assets to interest expenses. There are substantial differences in this ratio
between renters, homeowners, and homeowners with high DTI. The median homeowner has lig-
uid assets that are 2.6 times higher than their annual interest expenses, whereas this ratio is only
0.86 for the median homeowner with high DTI, meaning that their annual interest expenses are
larger than their liquid assets.

Combined with a high prevalence of ARMs, these empirical patterns lend support to our hy-
pothesis of the sensitivity of a significant share of indebted households to changes in interest

expenses.

4 Empirical Strategy

4.1 Econometric specification

In Section 2 we outlined our theoretical argument for the cash-flow channel being operational
among HtM households that have a large share of their debt in ARMs. The theory predicts that,
for these households, the magnitude of the consumption response is approximately proportional
to the DTI ratio. Building on these theoretical predictions, our main specification is:

Alogeiy = aj + 0 + AT x DTLis o + X 1y + €4, 4)

where Alog ¢; ; denotes the percentage change in consumption spending of household ¢ in year ¢.
The variable Ar; is the change in the relevant interest rate, which, depending on the specification,
is either the monetary policy interest rate (i.e., the repo rate) or an aggregate household interest rate
measured by Statistics Sweden using data on all loans to households.!® The variable DTI; ;—» is the
household’s DTI ratio, which we lag by one year so that it is predetermined with respect to ¢; ;1.

1®Note that this specification relates household spending to an aggregate interest rate, Ar;, with no subindex i.
Specifically, it does not use a measure of a household-specific interest rate. Thus, we avoid a potential bias that would
arise if unobserved idiosyncratic events, for instance, negative news about future income, affect both the household’s
consumption path and the household’s creditworthiness. We provide further discussion on this in Section 5.2 as well
as reporting results from other alternative specifications in the Online Appendix.
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We denote individual fixed effects and year fixed effect by «; and 4;, respectively. Individual fixed
effects capture any time-invariant cross-sectional heterogeneity, such as in borrowing behavior
or portfolio choice. Year fixed effects capture all common macroeconomic effects and responses
to aggregate shocks, including intertemporal consumption responses of optimizing households.
The vector X, ; collects a set of controls, including demographic characteristics; a fourth-order
polynomial in age, the number of children and the change in the number of children, and an
interaction between Ar; and dummy variables for being young (< 40), being old (> 60), and
having children, aimed at accounting for characteristics that may, on average, interact with the
sensitivity to changes in aggregate interest rates.

The coefficient 5 captures the effect of interest rate changes on consumption, operating through
the cash-flow channel. It measures consumption responses to changes in the interest rate that vary
systematically due to differences in DTL. If all households are optimizers, theory predicts 5 = 0.
Conversely, if all households are HtM and obey equation (1), theory instead predicts that 3 equals
the average income-to-consumption ratio (), which is likely close to 1.1 Regression estimates of
B will therefore capture the average response in our sample, weighted by the relative size and
responses of the different household groups.

4.2 Identification using monetary policy shocks

Under the cash-flow channel, HtM households respond to interest rate changes when their cash
flow changes, irrespective of whether the change was anticipated or unexpected. The coeffi-
cient 8 in equation (4) captures this effect. Importantly, our empirical specification includes both
year fixed effects—accounting for the overall aggregate effects of monetary policy on household
spending, including intertemporal substitution of consumption—and household fixed effects—
accounting for time-invariant individual differences, including those in consumption growth. As
a result, 5 captures consumption responses due to cross-sectional variation in interest-rate sensi-
tivity, less the aggregate effect.

However, our empirical analysis faces the standard problem of reverse causality in estimating
the effects of monetary policy, namely that households respond to monetary policy but monetary
policy may also respond to the economic conditions of households. In particular, this concern
arises if the central bank responds to macroeconomic development that relates to the conditions
of more indebted households.

To overcome this issue, we separate unanticipated changes in interest rates from those that are
anticipated based on macroeconomic conditions and use this measure of monetary policy shocks
as an instrumental variable in our estimation. To this end, we measure monetary policy shocks
using an approach similar to what is used in recent literature studying monetary non-neutrality,
including Giirkaynak et al. (2005), Gertler and Karadi (2015), Hanson and Stein (2015), and Naka-
mura and Steinsson (2018), building on an approach pioneered by Kuttner (2001) and Cochrane
and Piazzesi (2002). Using data at high frequency, this literature seeks to identify innovations in

7Tn our sample, the average income-to-consumption ratio is 0.98.
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monetary policy that are due entirely to policy shifts and not to macroeconomic development. Fol-
lowing this approach, we use a tight window around the time of a monetary policy announcement
to isolate the effect of a policy surprise on market interest rates. During our sample period, the
Swedish market on futures, called STINA, was still undeveloped and illiquid. Unlike the afore-
mentioned studies who use data from the U.S. and measure shocks using changes in the federal
funds futures, we are unable to measure shocks using futures. Instead we therefore use the yield
at a daily frequency of a one-month Swedish Treasury bill, computing a difference in the interest
rates between the beginning and end of the days of monetary policy announcements.'®

4.3 Threats to identification

The identification strategy of using monetary policy shocks as instruments for changes in interest
rates does not come without challenges. The key challenge we face is the discrepancy between
the frequency at which we measure monetary policy shocks and at which we observe changes in
spending. Following precedent from earlier work, including Romer and Romer (2004), Coibion
(2012) and Cloyne et al. (2019), we time-aggregate the monetary policy shocks to a yearly fre-
quency by summing up measured shocks from all announcements in a year.'?

In Figure 3 we document two important correlations for our empirical strategy. First, in Panel
(a) we document that the average interest rate on household debt closely follows the monetary
policy rate, which is expected given the large share of debt with adjustable interest rates. Second,
in Panel (b), we document how our measure of monetary policy shocks covaries with the monetary
policy rate. While, as expected, the magnitude of these unanticipated changes in monetary policy
rates is considerably smaller than the overall changes in interest rates, there is a strong positive
comovement of the shocks and the policy rate over the sample period. This ‘first stage” validates
their use as an instrumental variable in our estimation.

The second challenge we face using this identification strategy is the concern that monetary
policy shocks may influence consumption through other channels than interest rates, violating the
exclusion restriction. While we cannot rule out this possibility, we argue that such effects would
need to run through channels that affect households differentially across the DTI distribution,
since all aggregate channels through which monetary policy shocks, and changes in interest rates
more generally, affect consumption are captured by year fixed effects.

In addition to the aforementioned challenges, one caveat to our empirical analysis is that, given
the data at hand, we are not able to observe if households refinance their debt or adjust their

®The lack of futures data also prevents us from exploring responses to shocks of different persistence - e.g., by
separating policy shocks into a “target factor” and a “path factor” following Giirkaynak et al. (2005). This might,
for example, allow us to separately identifying responses of HtM households to temporary shocks from responses of
optimizing households. However, as highlighted in Online Appendix B the latter are likely to be small.

YWe acknowledge that this method allocates equal weights to shocks independent of whether they occur early or
late in the year. We have explored the robustness of our results to alternative approaches to aggregation, including
using within-year duration weights, which provides more weight to shocks the earlier in the year that they occur. We
find that this does not have a meaningful effect on our estimates.
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amortization in response to interest rate changes. Any strategic response of that kind would be
subsumed into the estimated cash-flow effect. But since borrowers must compensate the bank for
changes in market interest rates when refinancing a FRM, we argue that it is unlikely that refi-
nancing correlates systematically with changes in the monetary policy rate. Moreover, for highly
indebted and constrained households that consume most of their disposable income, a decrease
in the short-term interest rate implies an increase in disposable income and by that increased
consumption possibilities, which are likely to be highly valued. Therefore, we expect any strate-
gic refinancing or amortization to come from /ess constrained (less indebted) households, which
would bias our estimate of S toward zero.

5 Results

5.1 Consumption responses to interest rate changes by indebtedness

Table 2 reports OLS estimates of consumption responses to changes in the the monetary policy
(repo) interest rate, based on the regression equation (4). Column (1) reports a coefficient estimate
of B of —0.26. The interpretation of this estimate is that the average household, which has a DTI
of 0.88, reduces its consumption spending by an additional 0.23 percentage points (0.88x0.26) in
response to a one-percentage-point increase in the monetary policy rate, relative to a household
with no debt. Households that differ in their indebtedness and therefore, according to our hy-
pothesis, in their consumption sensitivity to monetary policy, may also differ in their holdings of
liquid assets. If households with high DTI hold disproportionally more liquid assets, our measure
of the cash-flow channel will be muted. To investigate the importance of this effect, Column (2)
controls for the ratio of liquid assets-to-income, lagged in the same way as the DTI ratio. The
coefficient estimate is only marginally affected by this control. In Columns (3) and (4), we repeat
these regressions for the sample of homeowners. The heterogeneous response of homeowners
with different DTI ratios is about the same as in the greater population. The estimated coefficient
is between —0.20 and —0.21, indicating that the average homeowner with a DTT of 1.27 reduces its
consumption spending by an additional 0.27 percentage points (1.27x0.21) in response to a one-
percentage-point change in the monetary policy rate, relative to homeowners without mortgage
debt.? These results imply that indebtedness matters not only in terms of the relative responses
of (indebted) homeowners and renters, as found in Cloyne et al. (2019), but also within the group
of homeowners where more indebted households reduce their consumption spending dispropor-
tionately relative to those less indebted.?!

0 potential concern with using DTI lagged two years is that the behavior of households that make large changes
to their DTI between ¢ and ¢ — 2 is ill-measured. To evaluate the implication that this might have for our estimates, we
exclude households with large increases (top 10%) and decreases (bottom 10%) in the DTI ratio. Our main estimates

are robust to this exclusion. The estimated coefficients are somewhat more negative compared with Table 2.
Z'We also consider the potentially differential consumption responses to a change in the monetary policy rate among

households in different parts of the DTI distribution. In a regression specification alternative to equation (4), instead of
including the DTI ratio in levels we construct five indicator variables for quantiles of the DTI distribution and interact
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As we have emphasized above, consumption responses operating through the cash-flow chan-
nel occur in response to any interest-expense driven change in cash flow, irrespective of whether
the change was anticipated or not. However, in estimating these responses we face the problem of
reverse causality: households respond to monetary policy-induced interest changes while mon-
etary policy may also respond to the economic conditions of households. While we account for
all aggregate effects of monetary policy on consumption by including year fixed effects, there is
still a concern that monetary policy responds to the conditions of highly indebted households. We
address this issue by using monetary policy shocks—variations in the policy rate not driven by
changes in macroeconomic conditions—as instruments for changes in the interest rate.

The bottom panel of Table 2 presents two-stage least squares estimates of equation (4) where
changes in interest rates are instrumented with monetary policy shocks. This isolates consumption
responses to changes in interest rates that are unanticipated. Columns (1) through (4) report coeffi-
cient estimates of 3 between —0.40 and —0.42. This implies that, on average, households in the full
sample reduce their consumption spending by an additional 0.35 percentage points in response
to a one-percentage-point increase in the monetary policy rate, relative to a household with no
debt. For homeowners, the corresponding number is 0.53. Compared to the OLS estimates, these
estimates are fifty to one-hundred percent greater and imply considerably stronger cash-flow ef-
fects. This may both reflect that the IV estimates capture only responses to unanticipated changes
in interest expenses, which could even be lower if some near-constrained households are able to
smooth their consumption, or the fact that the OLS estimate might be biased towards zero, e.g.,
due to strategic responses such as refinancing or amortization. All in all, our results are consistent
with presence of households that display HtM behavior, as discussed in Section 2. More precisely,
our estimates can be compared to regression estimates on data generated from model simulations,
reported in Online Appendix B. Comparisons suggest that our estimates are at least three times
as large as those generated by optimal consumption responses of households with ARMs, and of
similar magnitude to estimates on model data based on a configuration such that fifty percent of
households have ARMs, and the remainder have FRMs, and such that fifty percent of households
respond optimally, and the remainder display HtM behavior.

As an alternative to our estimates of responses to changes in the policy rate, Table 3 documents
responses to aggregate interest rate faced by households. This rate, which we obtain from Statistics
Sweden, is the average of interest rates across all loans to households. By focusing on responses
to this interest rate, we ignore the first step in the transmission of monetary policy into house-
holds’ interest payments. As documented in Figure 3a, the average interest rates on household
debt closely follow the monetary policy rate.”> Column (1) in the top panel of Table 3 reports a
coefficient estimate of 3 of —0.62. This implies that a one-percentage-point increase in the lending

these indicators with the change in the monetary policy rate. The estimated coefficients are negative for all five groups
and largest in absolute value for the two upper quantiles. Results are available upon request.

ZTo further gauge the passthrough of monetary policy rates to interests on household debt, we estimate a regression
of the change in the average household rate on the change in the policy rate, which gives a coefficient estimate of about
0.68.
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rate reduces the consumption spending of the average household by an additional 0.55 percentage
points (0.62x0.88) relative to those without debt. As for the response to changes in the policy rate,
the magnitudes are similar when controlling for holdings of liquid assets and when restricting the
sample to homeowners only. The difference between the estimates in Tables 2 and 3 reflect that
responses to changes in the monetary policy rate are muted due to an incomplete transmission
to household interest rates. This is expected as changes in the policy rate get transmitted into
changes in household interest rates and expenses only for those with adjustable rates.

In the bottom panel of Table 3, we report IV estimates where the average household interest
rate is instrumented with monetary policy shocks. These estimates are similar to the OLS esti-
mates in magnitude—if anything, slightly smaller in absolute value—implying that consumption
responds equally strongly to anticipated and unanticipated changes in interest expenses, as pre-
dicted by the theory laid out in Section 2.

The estimates of 5 can be translated into a relative marginal propensity to consume (MPC) out
of changes in disposable income, or cash flow, as a result of a change in the interest rates. Under a
perfect passthrough of interest rate changes to households’ interest payments, the above estimates

imply an MPC in the interval 0.22-0.53 out of a one-unit increase in interest expenses.”

5.2 The role of mortgage types

Our point of departure, theoretically motivated by Section 2, is that if the interest rates on house-
hold debt are tightly linked to short-term interest rates, changes in monetary policy will have a
direct effect on households” interest expenses, which will translate into a reduction in household
consumption expenditure if they are HtM households. This is what we refer to as the cash-flow
channel. We argue that Sweden offers an ideal setting for evaluating the importance of this chan-
nel due to generally short interest-rate fixation periods and, in particular, a high prevalence of
adjustable-rate mortgages and loans. However, our analysis until now has not differentiated be-
tween households with different types of mortgage contracts. We now provide more direct evi-
dence illustrating how our estimates of differential consumption responses to interest rate changes
operating through the cash-flow channel.

Since our data originate from tax records and do not include any contract details, we do not
directly observe which households have a mortgage with an adjustable rate, a fixed rate, or, which
is common, more than one mortgage and a mixture of the two. We also do not directly observe
the interest rate that the household pays on its debt. Instead our approach is to first compute the
implied household-specific interest rate using information on interest expenses and the amount

BThe average consumption in our sample is 241k Swedish krona (SEK), and average debt is 284k SEK. A one-
percentage-point increase in the interest rate reduces household cash flows by 0.01 x 284=2.84k SEK under perfect
passthrough. According to the estimate in Table 2, top panel Column (1), the average reduction in consumption to a
one-percentage-point interest rate increase is 0.26 x 0.88 x 0.01 x 241=0.55. This implies an MPC of 0.19 (0.55/2.84).
Similar calculations based on the IV estimates in the bottom panel imply an MPC of 0.30-0.34. The estimates in Table 3
imply an MPC of 0.40-0.50. For homeowners, we use a consumption value of 285 kSEK and a debt value of 444 kSEK
in these calculations.
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of debt. Then, for each household, we calculate the correlation between its implied interest rate
and the monetary policy rate. We use that correlation as a proxy for the impact of changes in the
monetary policy rate on the interest expenses of that particular household, or to which extent each
household has adjustable- or fixed-rate mortgages.

More precisely, we first calculate the interest rate rl‘ft for household i in year t as total interest
expenses divided by average debt (in ¢t and ¢t — 1):

i interest payment, , '
W05, debt; ; + 0.5 - debt; ;1

Based on this definition, we construct value-weighted and equally weighted household interest

)

rates in our sample. Figure 3a illustrates the evolution of these rates and how they co-move with
the monetary policy rate and the aggregate household interest rate reported by Statistics Sweden.
Over our sample period, the household rates display the same U-shape as the monetary policy
rate, which highlights the prevalence of ARMs. The value-weighted rate almost perfectly tracks
the monetary policy rate with some lag. The equally weighted rate also tracks the fluctuation well,
but the level is too high, indicating that small credits carry a higher interest.

As we discuss in Section 3.4, it is very common in Sweden to hold a portfolio of loans with a
different duration of interest-rate fixation. Therefore, in our setting, holding debt with adjustable
rates is not a binary variable. To obtain a proxy measure for how closely a household’s interest
rates react to short-term rates—i.e., what is the prevalence of ARMs vs. FRMs in households’
debt portfolios—we compute the correlation between household-specific interest rates, rgt, and
the monetary policy rate. We document the cross-sectional distribution of these correlation coef-
ficients in Figure A.11 in the Online Appendix. Consistent with a high prevalence of ARMs, the
median correlation in the population is 0.61.%

To evaluate the differential consumption response of holders of ARMs versus FRMs, we esti-
mate an extended version of regression equation (4). First, we construct five indicator variables for
quantiles of the correlation distribution, Interest fixation,, where g=1 denotes the quantile with
the lowest correlation—interpreted as reflecting households with loan portfolio consisting mainly
of FRMs—and ¢=5 denotes the quantile with the highest correlation—interpreted as reflecting
households with high prevalence of ARMs in their loan portfolio. We then run the following

regression:

#One obvious concern is that few observations are used for each household in computing these correlations. How-
ever, measurement error due to misclassification into ARMs vs. FRMs would result in an attenuation bias, as the
differential responses would be muted. Another concern, which we highlight in Section 4.3, is that changes in com-
puted interest rates due to the resetting of interest rates cannot be separated from changes due to refinancing or loan
repayment. This explains, e.g., the fact that we estimate a negative correlation coefficient for some households.
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5
Alogeir = a; + 0 + Z A¢ Interest fixation, x Ary x DTI; ;o
q=1

5
+ Z ng Interest fixationg x Ary + X 7y + €. (6)
q=1

Table 4 reports estimates of regression equation (6). For the two groups with the lowest
correlation—higher prevalence of FRMs—the )\, coefficients are not statistically significant. For
the groups with higher correlation—higher prevalence of ARMs—the estimated responses are
negative and stronger at the top of the distribution. There is a statistically significant difference
between each of the two top quantiles and the bottom two quantiles. Comparing the OLS and IV
estimates, the estimates are similar in magnitude although the IV estimates at the lower quantiles
are larger (in absolute value) than the corresponding OLS estimates.”

In order to compute ‘quantile effects” from these estimates, we multiply the estimates of \, by
the average DTI ratio for that quantile group and add the corresponding 7, coefficient estimate.?®
We find that the heterogeneity in responses between the quantiles is sizeable: households with
higher prevalence of ARMs display strongest responses. The differences in elasticities across the
quantiles is approximately 0.90. Furthermore, F-tests imply that the differences between the top
three quantiles relative to the bottom two are statistically significant. This implies that the re-
sponses reported so far are driven not only by differential responses of more indebted households
but among them by those with a higher prevalence of debt with adjustable interest rates.

Figure 4 graphically illustrates our findings. The figure plots yearly changes in the repo rate—
displaying a distinct U-shape during 2002-2007—as well as the difference in consumption growth
for households with similar levels but different composition of debt. The left panel plots the
median consumption growth of homeowners that belong to the high DTI group minus the median
consumption growth of homeowners that belong to the high DTI group and have an interest-rate
correlation with the repo rate above median (i.e., a proxy for having ARMs). The right panel
displays the same group-differences in means instead of medians. In line with our regression
estimates, the figure shows a strong positive correlation between this measure and the repo rate.
As the repo rate increases, consumption falls behind among the highly indebted homeowners
with ARMs.

5.3 The role of liquid assets

So far we have focused on differential responses due to differences in DTI ratios and interest-
rate fixation on the mortgage. We now analyze the role of a third characteristic of the household

BTable A.9 in the Online Appendix reports results for a sample restricted to homeowners, finding similar results

although the coefficients are less precisely estimated.
*The average DTI ratios for the different quantiles are {0.83,1.17,1.36, 1, 36, 1.23}. To illustrate, for the top quantile

(i.e., the highest correlation) the group response is equal to —0.440x 1.23 + 0.421 = —0.120.
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balance sheet, namely the level of liquid assets-to-income. Kaplan et al. (2014) emphasize that
having low levels of liquid wealth is associated with hand-to-mouth behavior and one of the
take-aways of Section 2 is that access to a buffer is critical for optimal consumption responses to
increases in the mortgage interest rate.

To examine how liquid assets shape consumption responses, we group households by three
characteristics: DTI ratios, interest-rate fixation, and liquid assets-to-income. For interest-rate fix-
ation, a correlation below the median is taken as a proxy for the household having an FRM and
a correlation above is taken as a proxy for the household having an ARM. This is broadly consis-
tent with the aggregate shares. In addition, we classify households as having either low or high
liquid assets-to-income. Again, the cut-off is at the median. Based on these three balance sheet
characteristics we form eight (2x2x2) groups of households.

Panel A of Table 5 reports summary statistics for the groups. Households with high DTI ratios
have higher levels of disposable income, on average, than those with low DTI ratios, have more
household members, and have a household head that is slightly younger. Higher DTI ratios are
also associated with higher levels of illiquid wealth, i.e., higher real estate value. Looking within
groups with similar DTI and liquid assets-to-income ratios, households with ARMs and FRMs
appear similar.

We extend our baseline regression (4) to include a sum of terms, 22:1 wrGroupy, x Ar. The
coefficient wy, is an estimate of group k’s response to changes in the monetary policy rate.”” Panel
B of Table 5 reports OLS estimates from this regression. Groups 1 and 8 are the two polar ex-
tremes from our classification and this is reflected in our estimates. The coefficient estimates vary
from —0.69 to 0.97. For the other groups, estimates are in between. Since the groups are small
and our imputed measure of consumption is noisy, some caution is warranted. We therefore com-
plement the point estimates with F-tests of equality of estimates across groups. We report tests
of equality for groups with similar DTI ratios and mortgage types but different levels of liquid
assets-to-income. The tests indicate that for households with ARMs we can reject equal responses
(columns 1 vs. 2 and columns 5 vs. 6) whereas this is not the case for households with FRMs
(columns 3 vs. 4; columns 7 vs. 8). Groups with ARMs and low liquid assets-to-income display
stronger responses (i.e., more negative consumption responses) relative to households with high
liquid assets-to-income. This is consistent with households with little liquid assets displaying
HtM behavior, and hence facing difficulties responding optimally to sudden increases in interest
expenses. For households with high DTI ratios but FRMs, there is no direct effect on expenses in
the short run, only future expenses if the interest rate increase is expected to be long lasting, and
spending responses are independent of liquid assets. Consistent with this, the F-tests cannot reject
equal responses.

Panel C of Table 5 reports IV estimates. Consistent with previous analysis in the paper, the

?We also include the lagged value of liquid assets-to-income in the vector of control variables, as in previous exten-
sions of (4). Notice that the difference to (6) is that this regression specification only contains one set of terms with Ar;
which simplifies interpretation. Unlike the specification in (6), the classification prior to estimation already takes into
account the household’s DTI.
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IV estimates display greater variation than the OLS estimates. One reason could be comparably
weak first-stage effects for FRM households. We focus on equality of coefficients rather than point
estimates. As in Panel B, we reject equality for households with ARMs and similar DTI ratios but
different levels of liquid assets-to-income (columns 1 vs. 2; columns 5 vs. 6). In our IV estimation
there is also a difference between households with low DTI and FRMs that have different liquid
assets-to-income ratios (columns 7 vs. 8). However, some caution is warranted since the OLS and
IV estimates of Group 7 are quite different. We conclude that responses of households with ARMs
to a greater extent depend on their liquid assets-to-income.

6 Robustness

In this section we document a range of statistics and checks to evaluate the robustness of our
results.

6.1 Savings in bank deposits

As discussed in Section 3, we only observe bank account deposits in our data if certain criteria
on deposit amount are met. Thus, one potential concern is that if households choose to save
slightly more or less in response to interest rate changes, this would be unobserved. However,
if households save more in bank accounts in response to increased deposit rates, induced by a
change in the monetary policy rate, and this is unobserved to us, it would overstate the change
in consumption. In turn, this would lead to a bias towards zero in the estimates of 5. We have
evaluated the basis for this concern and document two pieces of relevant evidence. First, Figure
A.10 in the Online Appendix shows that the monetary policy rate and the bank deposit rate are
positively correlated. Regressing changes in the aggregate deposit rate on changes in the monetary
policy rate gives a coefficient estimate of 0.62. Second, we find there to be a positive correlation
between bank deposit rates and flows into bank account deposits. From this we conclude that it
is likely that our estimates are biased towards zero due to this source of measurement error.

6.2 Heterogeneity in consumption-to-income ratios

The theoretical motivation for our empirical analysis, described in Section 2, implies that if all
households are HtM consumers, the consumption response to a change in interest rates that di-
rectly translates into a change in interest expenses will be proportional to the consumption-to-
income ratio (see equation (1)). While our empirical specification (4) captures the response of
households to interest rate changes that vary in their effect by households” indebtedness, it as-
sumes that individuals” consumption-to-income ratio is constant and subsumed in the individual
fixed effects. However, it is possible that there is household-level variation in consumption-to-
income ratios that are correlated with the consumption responses to changes in interest expenses.
This would bias our estimates. We investigate this concern in Tables A.5 and A.6 in the Online Ap-
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pendix, finding relatively similar but, if anything, somewhat stronger responses when accounting
for individuals’ consumption-to-income ratios.

6.3 Heterogeneity in income growth

As Section 2 describes, for HtM consumers, consumption moves closely with changes in inter-
est rates but also with changes in income. If changes in monetary policy affect not only inter-
est payments but also labor income directly, the effect that our empirical specification measures
might not only measure the consumption response to changes in interest payments as a result of
changes in the policy rate but also the response to a change in income from changes in monetary
policy. To shed some light on this concern, we estimate equation (4) including income growth
as an additional explanatory variable. As documented in Tables A.5-A.8 in the Online Appendix
the estimates are largely unaffected by the inclusion of this control. While this exercise implies
robustness of our results to the aforementioned concern, we are cautious when interpreting the
results as including income growth as a control may itself introduce a bias to our estimates. As
income growth should rather be thought of as an outcome variable itself, it is a “bad control” in
the language of Angrist and Pischke (2008), and is therefore not included as a control in our main
specification.

6.4 Further analysis of interest rate flexibility

In order to evaluate our results on the differential responses by our measure of interest-rate fix-
ation, we compare the characteristics of households at the two sides of the spectrum. Table A.3
in the Online Appendix reports differences across households based on whether they have a cor-
relation above or below the median. We denote these groups as holders of ARMs and holders of
FRMs, respectively. We find that households with ARMs have higher income and consumption
on average, but they also have more household members than holders of FRMs. Households with
ARMs have more debt as well as more illiquid assets, but, importantly from the perspective of
our analysis, there is no statistical difference in liquid assets. While the groups are statistically dif-
ferent along those dimensions, the differences are economically small. This is consistent with the
conventional Swedish view that an ARM is not an exotic mortgage product and that households
tend to hold more than one mortgage, often with interest rates of different duration.

To further evaluate the non-linearities in responses by interest rate flexibility, Table A.10 in
the Online Appendix reports estimates of equation (6) where instead of interactions based on
five quantile groups we use a continuous correlation measure (i.e., the triple interaction Corr; x
Ary x DT, ¢—2). The estimates imply that households holding only ARMs (Corr; ~ 1) respond to
a one-percentage-point increase in interest rates by reducing their consumption by about 0.4-0.6
percentage points more than households holding only FRMs. These results are somewhat stronger

when restricting the sample include only to homeowners.?®

B As discussed above and reported in Figure A.11 in the Online Appendix, some households have a negative cor-
relation, which may result from changes in interest rates due to refinancing or loan repayment. When restricting the
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6.5 Household-specific interest rates

To this point, our analysis has focused on consumption responses to aggregate interest rates. There
are two reasons for this choice. First, our aim is to shed light on a transmission mechanism of
monetary policy that operates through the direct effect of changes in policy rates on households’
interest expenses. Since the passthrough to household interest rates is not perfect, estimating re-
sponses to changes in household interest rates directly moves us further from this goal. Second, as
our data neither include details about loan contracts nor refinancing of loans, we cannot separate
changes in interest expenses that are due to changes in the policy rate from those due to other
factors.

To evaluate the implication of this restriction, Table A.11 in the Online Appendix reports con-
sumption responses to two measures: individual households’ interest rates and their total in-
terest expenses. Columns (1) and (2) report estimates of equation (4) where the interest rate is
the household-specific interest rate rather than the monetary policy rate. The coefficient estimate
implies a similar but somewhat weaker response than what is reported in Section 5.1. The esti-
mates imply that the average household reduces its consumption spending by an additional 0.25
percentage points (1.4x0.18) in response to a one-percentage-point increase in its average inter-
est rate, relative to a household with no debt. The results, as before, are robust to controlling
for differences in liquid asset holdings. Columns (3) and (4) report estimates from an alternative
specification where we relate the change in consumption directly to changes in households” in-
terest expenses. The coefficient estimates, which can be interpreted as the MPC out of a one unit
increase in interest expenses, imply an MPC of about 0.16. Possibly consistent with our concerns,
both sets of estimates imply weaker responses than our preferred estimates reported in Section
5.1.

7 Conclusion

Using detailed data on consumption and balance sheets of Swedish households, we find evidence
of the cash-flow channel of monetary policy transmission. Households with higher levels of debt
relative to their income respond more strongly to changes in the policy interest rate than those
that are less indebted. This is true even among homeowners and households with high levels of
illiquid wealth, who hold disproportionally little liquid wealth. Our results document that these
responses are driven by households that hold some or a large share of their debt in contracts
where interest rates are linked to short-term rates, such as ARMs, and are therefore at short notice
directly exposed to monetary policy changes.

Our results highlight the importance of other channels of monetary policy transmission than
the conventional interest-rate channel. The findings indicate that monetary policy is more potent
in economic environments where households hold high levels of debt relative to their income face

sample to households with a non-negative correlation, the coefficient estimates are broadly similar and, if anything,
stronger than for the full sample.
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a restricted access to credit, and changes in policy rates are quickly passed through to changes in
lending rates and interest expenses. We demonstrate this in a setting where households are rela-
tively highly indebted and loan and mortgage contracts with variable interest rates are standard
and non-exotic, covering nearly half of the outstanding debt during our sample period. Under
such conditions, monetary policy can have a stronger effect on real economic activity than what
is predicted by conventional estimates where transmission operates first and foremost through
intertemporal substitution.

It is necessary to emphasize the limitations of our study and the generalizability of our results.
Our empirical analysis is directed and limited to illustrating the cash-flow effect of changes in
interest rates and cannot speak directly to the effects that monetary policy may have on the supply
of credit. This may be an important channel, particularly at times when central banks make large
changes to their policy rates. More generally, we are unable to characterize the general equilibrium
effect of the cash-flow channel on aggregate consumption in the economy, has been highlighted
in recent and contemporaneous research (Cloyne et al., 2019). Another channel that we have not
been able to incorporate into our analysis, but is likely to be important, is that monetary policy
may have heterogeneous effects on household consumption by affecting the distribution of wealth
in the economy. This mechanism has been highlighted in recent theoretical work (Auclert, 2019).
Empirically evaluating these other mechanisms remains an interesting, yet challenging, task for
future research.
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Figure 1: Mortgage stock and new issuances by duration of interest-rate fixation
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Notes: Variable mortgage rate is defined as 3 months or shorter. Panel (a) plots the share of mortgage issuances

by duration of interest-rate fixation. Source: Sveriges Riksbank (2012), Figure A18. Panel (b) plots the shares
of the mortgage stock by duration of interest-rate fixation. Source: Sveriges Riksbank (2015), Figure A30.
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Figure 2: Assets, debt, and interest expenses
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belong to this category. The left-hand panels display means and the right-hand panels display medians within each

group.
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Figure 3: Repo rate, household interest rates and monetary policy shocks
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Figure 4: The repo rate and relative consumption growth
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owners with a high DTI ratio minus the median consumption growth of homeowners with a high DTI ratio and an
interest-rate correlation with the repo rate above median—a proxy for households with ARMs. The right panel depicts
the same group-differences evaluated at the mean instead of median.
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Table 1: Summary statistics

All Renters Homeowners
(1) ) &)
Sociodemographics
Disposable income 251 180 303
(151) (89) (148)
Disposable income a.e. 148 131 160
(55) (46) (57)
Age 55 56 54
(17) (19) (16)
Household size 2.26 1.77 2.62
(1.48) (1.33) (1.49)
< High school (share) 15.31 19.58 12.22
High school (share) 61.04 62.77 59.79
> High school (share) 23.64 17.65 27.99
Consumption measure
Consumption 241 180 285
(137) (93) (147)
Consumption a.e. 143 132 151
(58) (50) (61)
Balance sheet items
Debt 284 65 444
(422) (121) (486)
Debt-to-income 0.88 0.33 1.27
(1.10) (0.64) (1.19)
Interest rate* 5.19 5.21 5.18
(3.44) (5.06) (2.20)
Correlation measure* 0.37 0.18 0.46
(0.55) (0.61) (0.49)
Interest share 4.10 1.14 6.24
(5.35) (2.54) (5.82)
Illiquid assets 635 - 1,096
(901) - (946)
Liquid assets 126 69 168
(247) (186) (277)
Liquid assets-to-income 0.58 0.45 0.68
(1.30) (1.24) (1.34)
Loan-to-value* 0.45 - 0.45
(0.001) - (0.001)
Unique households 64,158 26,611 37,547

Notes: Values are in 1,000 Swedish Krona or in percent (averages). Values in parenthesis are
(s.d.). "a.e.” refers to adult equivalent. The scaling factor follows OECD, assigning a weight
of 1 to the first household member, 0.7 to each additional adult and 0.5 to each child. Age
and education refer to the household head. *) There are fewer observations for the interest
rate and for the correlation measure. For the loan-to-value ratio the mean for percentile 99
and below is reported.
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Table 2: Consumption responses to changes in the monetary policy rate

(1) ) 3) 4)
OLS
All Households Homeowners
Ar x DTI -0.260%**  -0.266*** -0.199*** -(0.211***

(0.058)  (0.058)  (0.075)  (0.075)

Liquid assets-to-income No Yes No Yes
Mean DTI 0.88 0.88 1.27 1.27
Observations 265,675 265,675 153,997 153,997

Clusters (households) 64,158 64,158 37,547 37,547

1A%
All Households Homeowners
Ar x DTI -0.400%**  -0.400*** -0.413*** -0.415***
(0.078) (0.078) (0.103) (0.103)

Liquid assets-to-income No Yes No Yes
Mean DTI 0.88 0.88 1.27 1.27
Observations 265,642 265,642 153,964 153,964

Clusters (households) 64,125 64,125 37,514 37,514

Notes: Each column in both panels presents results from a separate regression estimate
of equation (4). In all regressions, Ar is the year-on-year change in the monetary pol-
icy (repo) interest rate, set by the Central Bank’s monetary policy committee. DT
denotes the ratio of debt-to-income. The top panel presents results estimated using or-
dinary least squares (OLS). The bottom panel presents results estimated using instru-
mental variables (IV), where changes in interest rates are instrumented with monetary
policy shocks. All regressions include individual fixed effects, year fixed effects and a
set of controls containing a fourth polynomial in age, the number of children, change
in number of children as well as interactions between change in the monetary policy
interest rate and young (dummy for < 40), old (dummy for > 60) and children (dummy
for having children). Robust standard errors, clustered at the household level, are in
parenthesis.*** p<0.01, ** p<0.05, * p<0.1
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Table 3: Consumption responses to changes in aggregate household interest rate

(1) ) 3) 4)
OLS
All Households Homeowners
Ar x DTI -0.622***  -0.631*** -0.594*** -0.616***

(0.087)  (0.087)  (0.114)  (0.114)

Liquid assets-to-income No Yes No Yes
Mean DTI 0.88 0.88 1.27 1.27
Observations 265,675 265,675 153,997 153,997

Clusters (households) 64,158 64,158 37,547 37,547

1A%
All Households Homeowners
Ar x DTI -0.529***  -0.528*** -0.538*** -(0.539***
(0.111) (0.111) (0.146) (0.146)

Liquid assets-to-income No Yes No Yes
Mean DTI 0.88 0.88 1.27 1.27
Observations 265,642 265,642 153,964 153,964

Clusters (households) 64,125 64,125 37,514 37,514

Notes: Each column in both panels presents results from a separate regression estimate
of equation (4). In all regressions, Ar is the year-on-year change in the average house-
hold interest rate computed by Statistics Sweden based on all loans to households. DT'T
denotes the ratio of debt-to-income. The top panel presents results estimated using or-
dinary least squares (OLS). The bottom panel presents results estimated using instru-
mental variables (IV), where changes in interest rates are instrumented with monetary
policy shocks. All regressions include individual fixed effects, year fixed effects and a
set of controls containing a fourth polynomial in age, the number of children, change
in number of children as well as interactions between change in the monetary policy
interest rate and young (dummy for < 40), old (dummy for > 60) and children (dummy
for having children). Robust standard errors, clustered at the household level, are in
parenthesis.*** p<0.01, ** p<0.05, * p<0.1
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Table 4: Consumption responses by interest-rate fixation

(1) (2) (3) (4)
OLS v
Interest fixation; x Ar x DTT ~ -0.102 -0.107 0.000 -0.004
(0.147) (0.147) (0.193) (0.193)
Interest fixations x Ar x DTI ~ -0.072 -0.074  -0.447%*  -0.448***
(0.132) (0.132) (0.168) (0.168)
Interest fixationg x Ar x DTT  -0.381*** -0.384*** -0.492*** -0.495%**
(0.141) (0.141) (0.176) (0.176)
Interest fixationy x Ar x DTI -0.438*** -0.439*** -0.383** -0.385**
(0.129) (0.129) (0.174) (0.174)
Interest fixations x Ar x DTT -0.440*** -0.448***  -0.395* -0.406*
(0.145) (0.144) (0.194) (0.193)
Interest fixation; x Ar 0.626%**  0.608*** -0.322 -0.312
(0.205) (0.205) (0.271) (0.271)
Interest fixations x Ar 0.626***  0.611*** 0.391 0.405
(0.225) (0.225) (0.296) (0.296)
Interest fixationg x Ar 0.520%** 0.507** -0.024 -0.009
(0.249) (0.249) (0.323) (0.323)
Interest fixationy x Ar 0.272 0.262 -0.532 -0.508
(0.245) (0.245) (0.329) (0.329)
Interest fixations x Ar 0.421* 0.421* -0.215 -0.189
(0.237) (0.237) (0.320) (0.320)
Liquid assets-to-income No Yes No Yes
Observations 265,675 265,675 265,675 265,675
Clusters (households) 64,158 64,158 64,158 64,158

Notes: Ar is the year-on-year change in the monetary policy (repo) interest rate, set by the
Central Bank’s monetary policy committee. DTI denotes the ratio of debt-to-income. Interest
fixation, refer to 5 indicator variables for quantiles of the distribution of correlation coefficients
between the household-specific interest rate and the monetary policy rate; see main text for
details. All specifications include individual fixed effects, year fixed effects and a set of controls
containing a fourth polynomial in age, the number of children, change in number of children
as well as interactions between change in the monetary policy interest rate and young (dummy
for < 40), old (dummy for > 60) and children (dummy for having children). Robust standard

errors, clustered at the household level, are in parenthesis.*** p<0.01, ** p<0.05, * p<0.1
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Appendix for Online Publication

Household Debt and Monetary Policy:
Revealing the Cash-Flow Channel

Martin Flodén, Matilda Kilstrom, J6sef Sigurdsson and Roine Vestman

This appendix contains four sections. Sections A and B contain further details on the theoret-
ical background to our analysis and supplements to Section 2 in the main text. Sections C and D
contain, respectively, figures and tables supplementary to the main text.

A A Simple Infinite Horizon Model

We begin with a characterization of hand-to-mouth behavior in a simple infinite horizon model
that abstracts from inflation. Section B then presents a quantitative partial equilibrium model.

For now, consider a; to be net financial assets, including the mortgage. Strict hand-to-mouth
behavior then implies that in every time period, consumption is equal to:

=Y+ reay (7)

where y; is disposable income and r; is the return on net financial assets. We then want to approx-

imate:

log(cy) = log(ys + ¢ - ay). (8)
We use a first-order Taylor approximation of the form f(z) = f(z*) + (z —2*) f («*). The left-hand
side in (8) is then approximated by:
1
log(c) =log(c*) + (¢t — c*)c—*, )
while the right-hand side is approximated by (remember that we assume that the net financial

assets are kept constant):

1

i 10

log(ys + ¢+ ar) =log(y" +r"-a”) + [(ye +re-ar) = (y" + 1" - a”)]

Now, use y* + r* - a* = c* to simplify (10):

1
log(ys +ri-ar) = log(c™) + [(ye +re-ar) — (y* +7* -a*)]c—*

Y —*y* n (74 —:*)a*
C C

o YVu—vy ya .

=1 z -
0g(¢)+c* " +C*y*(7"t )
— log(c") + 02— 4+ 6% (r, — ). (11)
y y
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Substitute (9) and (11) into (8) to obtain:

(Ct_*c ) R ) (12)
c y y

¥

Tt—
T

Finally, use the approximation = log(z¢) — log(z*) to obtain:

Alog(cy) = 0Alog(y,) + 9%%. (13)

B A Quantitative Partial Equilibrium Model

The model follows the partial equilibrium model of Garriga et al. (2017), but is modified and
tailored to suit our paper. A household is born at age t = 1 and lives for 7" periods. It solves the

perfect-foresight problem:
T

max B u(er)
Dife}] ;

subject to the constraint:
P (Cl—l—h)—l-Al :P1w—|—D1—|—(1—|—2'1)A0, (14)

and the following constraints for 2 <¢ <7 —1:

Piei + A1 = Pw + (1 +4,) Ay — i Dy — vDy (15)
and, finally, the constraint in the last period:
Prer = Prw + (1 + iT) Ap — (1 + iT) D7t + aPrh. (16)

The law of motion for nominal debt is D; = D; and then Dyy1 = Dy — Dy untilt = T — 1. The
initial condition for financial assets is Ay. The real value of the household’s house is h, and the
real value of labor income is w. The house value is exogenously given, and the house has to be
purchased in the beginning of period 1. We follow Garriga et al. (2017) by assuming that there are
no maintenance costs on the house but that the real value of the house falls over time. In contrast,
we allow for the possibility that the house still has a value when it is sold after 7" periods. The
parameter a denotes the fraction of the value that remains at age 7'.

The household chooses a nominal mortgage D; and a real consumption path {¢;}1 to max-
imize lifetime utility. In our baseline specification, the paths of the price level, {Pt}{, and the
nominal interest rate, {z’t}?, are also exogenous and known in advance, and the Fisher equation
holds:

I

1+it:(1+T)'P y
t—1

(17)

where r is the real interest rate.
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B.1 ARMs

The interest rate on the adjustable rate mortgage (ARM) is identical to the nominal interest rate

(.e., i

= ). Because of equality between these two interest rates, the household is indifferent
between (negative) first-period asset holdings A; and the mortgage. Amortization is specified as
a fixed nominal amount, here represented by vD;. The parameter v is thus the amortization rate

in the first period of the mortgage contract.

B.2 FRMs

We mimic the typical Swedish FRM. This implies that the mortgage rate is held fixed for five years
and is then reset to be equal to the nominal interest rate prevailing at that point in time.

B.3 Solutions to the model
B.3.1 Ex ante solutions

Let {D*, {c} }F{} denote the optimal, unconstrained solution to the above problem as interest rates
and the price level remain on their paths.

To mimic a hand-to-mouth household (once the household has purchased the house), we also
solve the model with the additional constraint that A; = 0 for ¢t > 1. After having taken up the
mortgage, this solution represents a hand-to-mouth household. Let {D{HM, {cthM}lT} denote the
solution to this problem. This solution resembles the partial equilibrium model of Garriga et al.
(2017).

B.3.2 Ex post solutions

We will also shock the nominal interest rate i; unexpectedly.
We label a solution where the household reoptimizes when it receives new information about
the interest rate (and the price level) as an ex post solution.

More specifically, in the beginning of period 7, the household learns that the interest-rate and

price paths have changed from {z’Tﬂ, P, 1 PT+j} . to {iTH, W2 i Prij }OO K The household then
]:

j=
re-optimizes, again assuming perfect foresight. A household of age ¢ at date 7 thus solves:

max iﬁtfu (ct’£>

{Ct,f}tT:f t=t

with D, ; and D; ; given, with information about the new prices, but otherwise subject to the same
constraints as above.

Let {f)i‘ o }?} denote the optimal, unconstrained solution to the above problem. Let

{ﬁll{tM, {é?tM}?} denote the solution to the hand-to-mouth household’s problem under this se-

quence of interest rates and prices.
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B.3.3 Shocks to the real interest rate versus shocks to the nominal interest rate

A noteworthy feature of the cash-flow channel is that it is operational regardless of the relation-
ship between the nominal interest rate and inflation. For hand-to-mouth households with ARMs
and no financial assets (A; = 0), a change in the nominal interest rate affects real mortgage pay-
ments and real consumption instantaneously. The consumption function follows from the budget
constraint (15):

(18)

For such a household, a shock to i; (and hence itD ) is equivalent to a shock to r; if the price level
is constant. However, whether the price level is affected, or not, matters little quantitatively. The
short-term effect on consumption is essentially the same even in the extreme case when the nom-
inal interest rate and inflation move together so that the Fisher equation, (17), continues to hold.
We label this case as "Am = Ai".

For optimizing households with ARMs, the relationship between the nominal rate and infla-
tion matters more. If there is no effect on inflation (i.e., the shock has identical effects on i, itD
and r), optimizing households’ response is determined by intertemporal substitution to smooth
out the wealth effect. This implies that for a positive shock the household borrows in the financial
asset to smooth consumption. If the Fisher equation holds so the inflation increases, there are op-
posing short-term and long-term wealth effects. A short-term increase in the nominal interest rate
leads to a short-term increase in real mortgage payments which is off-set by a long-term decrease
in real mortgage payments. The wealth effects cancel so the optimizing households off-set the

effects on consumption by borrowing even more in the financial asset.?’

B.3.4 Relationship to previous literature

In our analysis, households cannot adjust their housing upon the shock. Thus we focus entirely
on what Garriga et al. (2017) label as the income effect, and ignore what they label as the price
effect (i.e., the cost of capital’s effect on house prices). This also corresponds well to our empirical
analysis in which we exclude households in the periods when they transact apartments or real
estate.

In our analysis, we consider different scenarios for the persistence of the shock and whether
inflation and interest rates move in tandem (i.e., whether the Fisher equation holds also after the
shock). If the price level is unaffected by the shock, then the shock is equivalent to a shock to the
real interest rate. A household with an FRM is partly insured against this shock, until the interest-
rate fixation period ends. Auclert (2019) labels the differences between ARM and FRM holders as
differences in unhedged interest rate exposure (URE). If the price level does move with the shock,
there is an additional effect from households’ nominal debt. Auclert (2019) labels this additional
effect as differences in net nominal positions (NNPs).?" If there is a positive relationship between

PThis discussion abstracts from effects on house prices which are exogenous in our model.
¥See also Doepke and Schneider (2006).
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the nominal rate and inflation, households with mortgages are compensated when the nominal
interest rate increases by deflation of their nominal debt balance. The magnitude of this wealth
effect depends on the debt balance, D, the asset balance A;, and the path of the mortgage rate z'tD ,
which depends on whether the household has an ARM or FRM. Therefore, in this case, the shock
has heterogenous effects through UREs as well as through NNPs.

B.4 Calibration and solution of baseline specification

We assume that utility is logarithmic, i.e., u (¢) = log c. One period is one year, and the household
lives for " = 50 years. Real labor income (w) is normalized to 1. The discount factor is set to
B = 0.98. In our baseline specification, nominal prices are constant: P, = 1 for all ¢. Hence the
nominal interest rates are also constant and equal to i; = i’ = 1/3 — 1 = r.

The remaining value of a house after 7" years is set to a = 0.5, which in combination with the
amortization rate implies that the house value equals the remaining mortgage in 7, if the price
level evolves as expected. Finally, we set w = 1 as a normalization and the amortization rate to
v = 0.01, which is consistent with the fact that amortization on mortgages in Sweden was small
in the early 2000s, which is the sample period for our analysis.

B.4.1 Persistent shocks to the interest rate

We will also consider persistent shocks to the interest rate. In this case, households learn in the
beginning of period 7 that i,; = 7 + &p’ for all j > 0 where p € [0, 1] is a persistence parameter.
In the examples below, we set p = 0.8145, corresponding to a quarterly persistence of 0.95. Hence-
forth, a configuration with temporary shocks to the interest rate refers to p = 0 and persistent
shocks to p = 0.8145.

B.5 [Illustration of the solutions

We first illustrate the model dynamics graphically in Figures A.1 to A.8. In these examples, the
house value in time period 1 (P;h) is 4 and initial financial wealth (A4g) is 0. The interest rate
is shocked (unexpectedly) in ¢ = 2 by one percentage point. We consider both the case when the
shock is temporary and the case when it is persistent. We also consider the case where the inflation
rate and interest rate move together so that the Fisher equation continues to hold along the new
paths. We compare {¢;} to {¢f}] and {cthM}lT to {é?tM}?

B.5.1 ARMs and temporary interest rate shocks

Figure A.1 shows the paths for an optimizing household with an ARM. The blue solid line indi-
cates the paths if there is no change to the short-term interest rate (and hence no change to the
mortgage rate either), and the red dashed line indicates the path if the household unexpected
faces a temporarily higher short-term interest rate in ¢ = 2. Whereas the shock to the mortgage
interest expense is substantial (upper right panel), the consumption response is miniscule (bottom
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right panel) because of the household’s ability to smooth consumption by additional borrowing
(bottom left panel).?!

Figure A.2 shows the corresponding paths for a hand-to-mouth household with an ARM. The
response to the shock is immediate and is not smoothed over several periods. The one-percentage-

point change in the short rate leads to a response in consumption of about 4.5%.

Figure A.1: Household response to a temporary interest rate shock (Optimizer, ARM)

0.04 Mortgage rate (ARM) Interest expense
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Note: All values are real. Real labor income is normalized to 1. The value of the house in ¢t = 1 is 4. The price level is constant at 1.
The short-term interest rate increases unexpectedly in t=2 by one percentage point. The blue solid line indicates the ex ante solution,
and the red dashed line the ex post solution.

B.5.2 Persistent shocks to the interest rate (ARM)

Figures A.3 and A .4 display the response when the shock to the interest rate is persistent. Fig-
ure A.3 indicates that an optimizing household adjusts its financial assets less when the shock
is persistent. Hence, the response to consumption is much greater compared with the case of a
temporary shock (compare with Figure A.1). For an HtM household, the consumption response

$INotice that the household borrows when not exposed to any shock. This is because of the amortization rate on the
mortgage, which is not an annuity loan.
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Figure A.2: Household response to a temporary interest rate shock (HtM, ARM)
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Note: All values are real. Real labor income is normalized to 1. The value of the house in ¢t = 1 is 4. The price level is constant at 1.
The short-term interest rate increases unexpectedly in t=2 by one percentage point. The blue solid line indicates the ex ante solution,
and the red dashed line the ex post solution.

at impact is identical regardless of whether the shock is transitory or persistent (compare Figure
A4 with Figure A.2).

Note that the consumption response in this configuration is similar for optimizing households
and HtM households (compare Figure A.3 with Figure A.4). The responses are, however, gener-
ated by different mechanisms. For the optimizing household, the response is mostly generated
by intertemporal substitution, while the response is mostly generated by changes to cash flow for
the HtM household. The effect through intertemporal substitution is the same irrespective of the
household’s wealth position, but the cash-flow effect depends on the household’s debt-to-income
(DTI) ratio (see Section B.6.1 and Figure A.9).

B.5.3 Persistent shocks to the interest rate (FRM)

We now consider households’ responses if they have FRMs (they do not respond to transitory
shocks). Figure A.5 shows the response of an optimizing household with an FRM. Upon a persis-
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Figure A.3: Household response to a persistent interest rate shock (Optimizer, ARM)
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Note: All values are real. Real labor income is normalized to 1. The value of the house in ¢t = 1 is 4. The price level is constant at 1.
The short-term interest rate increases unexpectedly in t=2 by one percentage point. The blue solid line indicates the ex ante solution,
and the red dashed line the ex post solution.

tent shock to the interest rate, the household saves more. This is because it faces a higher savings
rate in the financial asset, but another motive is to smooth out the future increase in the mortgage
expense. Hence, consumption decreases immediately. The response is a bit more than half of the
magnitude for a household with an ARM.

Figure A.6 shows the response of an HtM household with an FRM. The response is delayed
until five years later and is then much smaller.

B.5.4 Persistent shocks to the interest rate and the inflation rate

We now consider the case in which, upon a persistent shock to the interest rate, the inflation rate
moves in tandem through the Fisher equation (17). For both households with ARMs and those
with FRMs, this implies that the negative effect of an increase in the interest rate to some extent is
offset by a positive wealth effect, as its debt is worth less in real terms.

Figure A.7 displays the paths for an optimizing household with an ARM. Relative to the case
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Figure A.4: Household response to a persistent interest rate shock (HtM, ARM)
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Note: All values are real. Real labor income is normalized to 1. The value of the house in ¢t = 1 is 4. The price level is constant at 1.
The short-term interest rate increases unexpectedly in t=2 by one percentage point. The blue solid line indicates the ex ante solution,
and the red dashed line the ex post solution.
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Figure A.5: Household response to a persistent interest rate shock (Optimizer, FRM)
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Note: All values are real. Real labor income is normalized to 1. The value of the house in ¢t = 1 is 4. The price level is constant at 1.
The short-term interest rate increases unexpectedly in t=2 by one percentage point. The blue solid line indicates the ex ante solution,
and the red dashed line the ex post solution.
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Figure A.6: Household response to a persistent interest rate shock (HtM, FRM)
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Note: All values are real. Real labor income is normalized to 1. The value of the house in ¢t = 1 is 4. The price level is constant at 1.
The short-term interest rate increases unexpectedly in t=2 by one percentage point. The blue solid line indicates the ex ante solution,
and the red dashed line the ex post solution.
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when the inflation rate does not move in tandem with the interest rate (as in Figure A.3), house-
holds respond much less. Essentially, the consumption response is similar to the response to a
transitory shock since households are compensated through inflation.

Figure A.7: Household response to a persistent interest rate shock under the Fisher effect (Opti-
mizer, ARM)
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Note: All values are real. Real labor income is normalized to 1. The value of the house in ¢t = 1 is 4. The price level is constant at 1.
The short-term interest rate increases unexpectedly in t=2 by one percentage point. The blue solid line indicates the ex ante solution,
and the red dashed line the ex post solution.

The same mechanism is present for households with FRMs. Figure A.8 shows the response of
such a household. Consumption responds slightly positively due to the wealth effect, in contrast
to the response in the absence of any inflation (Figure A.5).

B.6 Quantitative analysis

We now simulate households in the partial equilibrium economy and estimate the response to
changes in the interest rate for different configurations. We populate the economy with house-
holds of different age (i.e., 7 is between 2 and 49 when the shock hits). We also consider cross-
sectional variation in house values. House values, P;h, is uniformly distributed on the interval
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Figure A.8: Household response to a persistent interest rate shock under the Fisher effect (Opti-
mizer, FRM)
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Note: All values are real. Real labor income is normalized to 1. The value of the house in ¢t = 1 is 4. The price level is constant at 1.
The short-term interest rate increases unexpectedly in t=2 by one percentage point. The blue solid line indicates the ex ante solution,
and the red dashed line the ex post solution.

[0,8].

B.6.1 Motivation for the regression specification

Figure A.9 displays the consumption response to a persistent shock to the interest rate of four
household types with different house values. The house values are 2, 4, and 6 and imply that
the DTI ratios early in life are approximately 2, 4, and 6, respectively. The figure illustrates that
a feature of HtM households” response is that it is proportional to their DTI ratios (right pan-
els), whereas optimizing households respond almost uniformly (left panels).*? This motivates the
following regression specification:

Alogcir = o+ BDTI; 71 X Air +7vXj 71 + €57y (19)

%The figure does not display the role of age. For older households, the wealth effect is stronger, which implies a
stronger response than for younger households.
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Figure A.9: Consumption response of four households to a persistent interest rate shock
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Note: Each panel depicts an optimizing household or a HtM household with either an ARM or an FRM. Real labor income is normal-
ized to 1. The value of the house in ¢t = 1 11is 2, 4, or 6, respectively. The price level is constant at 1. The short-term interest rate
increases unexpectedly in t=2 by one percentage point. The shock is persistent. At the time of the shock, households have a remaining
life span of 48 years. The horizontal axes display the first ten time periods for expositional purposes. All values are real.

where Alogc; - is log consumption growth, «; are household fixed effects that capture time-
invariance cross-sectional heterogeneity. In our simulated data, the change in the nominal interest
rate is Ai, and it is 0.01 for all households, and X; - is a third-order polynomial in age (i.e., 7).

The covariate DT'I; 1 X Ai, captures responses of households that are hand-to-mouth. Figure
A9 shows that responses of such households increase linearly with debt. It is also consistent with
the log-linearization leading to equation (13).

In our analysis on real data, we add year fixed effects (d;) that capture macroeconomic effects—
including interest rate changes and aggregate shocks. Under the assumption of homogenous
preferences, the year fixed effects capture the response of optimizing households, as long as the
remaining life span is long relative to the persistence of the shock to the interest rate. To adjust for

wealth effects due to life span, we include household age in X; 3B

*Note that in Figures A.1 to A.8, we compared ¢é; ; to c; ¢, that is, how consumption responds relative to the hypothet-
ical consumption in the absence of an interest rate shock. In the real world we do not observe that hypothetical value
but instead use log ¢;,;—1 in combination with household fixed effects as a proxy. The regression results are similar if
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B.6.2 Regression estimates

Tables A.1 and A.2 show consumption responses in different configurations of the economy.* Ta-
ble A.1 reports small responses for optimizing households with ARMs (columns (1)—(3)), whereas
the combination of ARMs and HtM behavior implies responses of approximately —1 (column (4)).
For optimizing households with FRMs, the response is moderate, at —0.118 (column (5)), and it is
negligible among HtM households with FRMs (column (6)).

Table A.1: Regressions on simulated data

(1) (2) 3) 4) (5) (6)
DTIL; x As —0.081 —1.282 —0.337 —1.282 —0.118 0.033
(0.004) (0.008) (0.010) (0.008) (0.003)  (0.000)
Constant —0.000 0.002 —0.029 0.002 —0.032 —0.000
(0.001) (0.001) (0.002) (0.001) (0.001) (0.000)
Observations 423 423 423 423 423 423
R-squared 0.690 0.993 0.812 0.993 0.988 0.974
Persistent shock No No Yes Yes Yes Yes
Fisher effect ("Ar = Ai") No No No No No No
Share ARM 1.0 1.0 1.0 1.0 0.0 0.0
Share HtM 0.0 1.0 0.0 1.0 0.0 1.0

Notes: A fourth-order polynomial in age is included in all regressions. Robust standard
errors.

Table A.2 reports estimates when the Fisher equation holds and for realistic mixes of household
types and mortgages. Columns (1) to (4) report estimates when the Fisher equation holds. For
optimizing households with ARMs, the response is zero because of the off-setting wealth effect
(Column (1)). For HtM households with ARMs, the response is virtually identical to the case when
inflation is unaffected (Column (2) of Table A.2 versus Column (4) of Table A.1). In this sense, a
shock where nominal rates and inflation move in tandem imply even more different consumption
responses for optimizing and hand-to-mouth households. For households with FRMs there is in
this case a net positive effect, implying positive responses, in particular for optimizing households
(Columns (3) and (4)).

Columns (5) and (6) of Table A.2 consider realistic mixes of the configurations (i.e., mixes
of household and mortgage types). The responses in these configurations are of intermediate
magnitude, meaning that they are much greater than for optimizing households with ARMs but
smaller than the response for HtM households with ARMs. Notably, if inflation moves with the
nominal interest rate it reduces the response by half but it is nevertheless sizable.

we base the regressions on log é; s — log ¢ ¢.
3To exclude households that purchase or sell real estate, we only include households aged 3 to 49 in these regressions.
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Table A.2: Regressions on simulated data (persistent shocks and mixes of types and mortgages)

@) @ ®) ) ©) (6)

DTL x Ai 0.000 —1.224 0206  0.073 —0.434 —0.210
(0.000) (0.007) (0.009) (0.001) (0.027) (0.029)
Constant —0.000 0.001 —0.002 —0.001 —0.015 —0.001

(0.000)  (0.001) (0.001) (0.000) (0.005) (0.005)

Observations 423 423 423 423 1692 1692
R-squared 0.010 0.993 0.741 0.988 0.210 0.057
Persistent shock Yes Yes Yes Yes Yes Yes
Fisher effect ("Am = Ai") Yes Yes Yes Yes No Yes
Share ARM 1.0 1.0 0.0 0.0 0.5 0.5
Share HtM 0.0 1.0 0.0 1.0 0.5 0.5

Notes: A fourth-order polynomial in age is included in all regressions. Robust standard
errors.
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C Supplementary Figures

Figure A.10: The repo rate and deposits
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Note: The left-hand panel displays the repo rate (i.e., the monetary policy rate) and the deposit rate paid by banks to households.
Both interest rates are measured in terms of yearly averages. Deposits are classified as demand deposits—i.e., deposited funds can be
withdrawn at any time. To measure the passthrough of monetary policy into deposit rates faced by households we regress changes in
the deposit rate on changes in the repo rate (excluding a constant). This gives a coefficient estimate of 0.62. The right-hand panel plots
the evolution of these two interest rates together with the transaction flows (the sum of flows in a year as measured in million SEK)
into demand deposits. Regressing changes in the transaction flows on changes in the deposit rate also gives a positive and significant

coefficient (with or without including a constant).
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Figure A.11: Household interest rates and correlations with the repo rate
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Note: The left-hand panel displays the cross-sectional distribution of correlations between the repo rate (i.e., the monetary policy rate)
and the household interest rate. The right-hand panel displays the cross-sectional distribution of household interest rates.
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D Supplementary Tables

Table A.3: Summary statistics and balance by mortgage type

FRM ARM  ARM - FRM

(1) 2 3)
Sociodemographics
Disposable income 324 336 11.821***
(140) (147) (1.588)
Disposable income a.e. 164 167 2.936***
(56) (59) (0.620)
Age 50 50 0.090
(13) (13) (0.153)
Household size 2.82 2.89 0.069***
(1.48) 1.49 (0.017)
Consumption measure
Consumption 301 314 12.787***
(139) (149) (1.501)
Consumption a.e. 152 156 3.315%**
(58) (61) (0.582)
Balance sheet items
Debt 500 556 55.576***
471) (500) (5.358)
Debt-to-income 1.46 1.57 0.115%**
(1.14) 1.16 (0.013)
Interest rate 5.38 5.04 -0.334***
(2.40) (1.89) (0.020)
Interest share 7.37 7.47 0.001*
(5.79) (5.43) (0.001)
Iliquid assets 1,120 1,220 99.430***
(934) (996) (10.453)
Liquid assets 135 139 3.175
(225) (229) (2.388)
Liquid assets-to-income 0.43 0.42 -0.003
(0.74) (0.71) (0.008)
Loan-to-Value* 0.52 0.55 0.022***
(0.002) (0.002) (0.005)
Unique households 15,695 15,857 31,552

Notes: Columns (1) and (2) report summary statistics by groups of homeowners with a
different duration of debt, where High (Low) represents groups with a correlation of house-
hold interest rates with the repo rate (i.e., the monetary policy rate) below (above) the me-
dian among homeowners. Values are in 1,000 Swedish Krona or in percent (averages). Val-
ues in parentheses are (s.d.). Column (3) reports regression coefficients from single variable
regressions on an indicator of having a highly variable interest rate. Standard errors, re-
ported in parentheses below, are clustered at the household level. *) For the loan-to-value
ratio, the mean for percentile 99 and below is reported. See Table 1 for further details.
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Table A.5: Consumption responses to changes in the monetary policy rate

@ (2) ) 4) ®)
OLS: All Households

Ar x DTI -0.2607*  -0.266"*  -0.295%*  -0.367** -0.473***

(0.058)  (0.058)  (0.055)  (0.056) (0.053)
Liquid assets-to-income No Yes No No Yes
Consumption-to-income No No Yes No Yes
Income growth No No No Yes Yes
Mean DTI 0.88 0.88 0.88 0.88 0.88
Observations 265,675 265,675 265,675 265,675 265,675
Clusters (households) 64,158 64,158 64,158 64,158 64,158

OLS: Homeowners

Ar x DTI -0.199%*  -0.211%*  -0.447** -0.236** -0.581***

(0.075)  (0.075)  (0.073)  (0.074) (0.072)
Liquid assets-to-income No Yes No No Yes
Consumption-to-income No No Yes No Yes
Income growth No No No Yes Yes
Mean DTI 1.27 1.27 1.27 1.27 1.27
Observations 153,997 153,997 153,997 153,997 153,997
Clusters (households) 37,547 37,547 37,547 37,547 37,547

Notes: Ar is the year-on-year change in the monetary policy (repo) interest rate, set by the Central
Bank’s monetary policy committee. DT'I denotes the ratio of debt to income. All specifications
include individual fixed effects, year fixed effects, and a set of controls containing a fourth polyno-
mial in age, the number of children, change in number of children, as well as interactions between
change in the monetary policy interest rate and young (dummy for < 40), old (dummy for > 60) and
children (dummy for having children). Robust standard errors, clustered at the household level, are

in parentheses.*** p<0.01, ** p<0.05, * p<0.1
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Table A.6: Consumption responses to average household interest rate

@ (2) ) 4) ®)
OLS: All Households

Ar x DTI -0.622¢*  -0.6317*  -0.837** -0.741** -1.076***

(0.087)  (0.087)  (0.084)  (0.085) (0.080)
Liquid assets-to-income No Yes No No Yes
Consumption-to-income No No Yes No Yes
Income growth No No No Yes Yes
Mean DTI 0.88 0.88 0.88 0.88 0.88
Observations 265,675 265,675 265,675 265,675 265,675
Clusters (households) 64,158 64,158 64,158 64,158 64,158

OLS: Homeowners

Ar x DTI -0.594*  -0.6167* -1.177** -0.624** -1.370**

(0.114)  (0.114)  (0.112)  (0.112) (0.111)
Liquid assets-to-income No Yes No No Yes
Consumption-to-income No No Yes No Yes
Income growth No No No Yes Yes
Mean DTI 1.27 1.27 1.27 1.27 1.27
Observations 153,997 153,997 153,997 153,997 153,997
Clusters (households) 37,547 37,547 37,547 37,547 37,547

Notes: Ar is the year-on-year change in the average household interest rate computed by Statistics
Sweden based on all loans to households. DT'I denotes the ratio of debt to income. All specifica-
tions include individual fixed effects, year fixed effects, and a set of controls containing a fourth
polynomial in age, the number of children, change in number of children, as well as interactions
between change in the monetary policy interest rate and young (dummy for < 40), old (dummy for
> 60), and children (dummy for having children). Robust standard errors, clustered at the house-
hold level, are in parentheses.*** p<0.01, ** p<0.05, * p<0.1
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Table A.7: Consumption responses to changes in the monetary policy rate

@ (2) ) 4) ©)
IV: All Households

Ar x DTI -0.400*** -0.400*** -0.716*** -0.461*** -0.853***

(0.078) (0.078) (0.074) (0.076) (0.070)
Liquid assets-to-income No Yes No No Yes
Consumption-to-income No No Yes No Yes
Income growth No No No Yes Yes
Mean DTI 0.88 0.88 0.88 0.88 0.88
Observations 265,642 265,642 265,642 265,642 265,642
Clusters (households) 64,125 64,125 64,125 64,125 64,125

IV: Homeowners

Ar x DTI -0.413***  -0.415*** -1.035*** -0.403*** -1.093***

(0.103) (0.103) (0.098) (0.101) (0.096)
Liquid assets-to-income No Yes No No Yes
Consumption-to-income No No Yes No Yes
Income growth No No No Yes Yes
Mean DTI 1.27 1.27 1.27 1.27 1.27
Observations 153,964 153,964 153,964 153,964 153,964
Clusters (households) 37,514 37,514 37,514 37,514 37,514

Notes: Ar is the year-on-year change in the monetary policy (repo) interest rate, set by the Central
Bank’s monetary policy committee. DT'I denotes the ratio of debt to income. Changes in interest
rates are instrumented with monetary policy shocks. All specifications include individual fixed
effects, year fixed effects, and a set of controls containing a fourth polynomial in age, the number
of children, change in number of children as well as interactions between change in the monetary
policy interest rate and young (dummy for < 40), old (dummy for > 60), and children (dummy for
having children). Robust standard errors, clustered at the household level, are in parentheses.***

p<0.01, ** p<0.05, * p<0.1
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Table A.8: Consumption responses to average household interest rate

@ (2) ) 4) ©)
IV: All Households

Ar x DTI -0.529*** -0.528*** -1.001*** -0.611*** -1.186***

(0.111) (0.111) (0.106) (0.108) (0.100)
Liquid assets-to-income No Yes No No Yes
Consumption-to-income No No Yes No Yes
Income growth No No No Yes Yes
Mean DTI 0.88 0.88 0.88 0.88 0.88
Observations 265,642 265,642 265,642 265,642 265,642
Clusters (households) 64,125 64,125 64,125 64,125 64,125

IV: Homeowners

Ar x DTI -0.538***  -0.539*** -1.452*** -0.521*** -1.524***

(0.146) (0.146) (0.140) (0.144) (0.137)
Liquid assets-to-income No Yes No No Yes
Consumption-to-income No No Yes No Yes
Income growth No No No Yes Yes
Mean DTI 1.27 1.27 1.27 1.27 1.27
Observations 153,964 153,964 153,964 153,964 153,964
Clusters (households) 37,514 37,514 37,514 37,514 37,514

Notes: Ar is the year-on-year change in the average household interest rate computed by Statistics
Sweden based on all loans to households. DT'I denotes the ratio of debt to income. Changes in
interest rates are instrumented with monetary policy shocks. All specifications include individual
fixed effects, year fixed effects, and a set of controls containing a fourth polynomial in age, the
number of children, change in number of children, as well as interactions between change in the
monetary policy interest rate and young (dummy for < 40), old (dummy for > 60), and children
(dummy for having children). Robust standard errors, clustered at the household level, are in
parentheses.*** p<0.01, ** p<0.05, * p<0.1
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Table A.9: Consumption responses to interest rate changes by interest-rate fixation

Homeowners

(1) (2) 3) (4)

OLS v
Interest fixation; x Ar x DTI ~ -0.034 -0.045 -0.016 -0.020
(0.191) (0.191)  (0.250)  (0.250)
Interest fixationy x Ar x DTI 0.058 0.052 -0.429*  -0.428*
(0.172) (0.172)  (0.221)  (0.221)
Interest fixations x Ar x DTT  -0.306* -0.312*  -0.512** -0.512**
(0.173) (0.173)  (0.215)  (0.215)
Interest fixationy x Ar x DTT  -0.440*** -0.446*** -0.372* -0.376*
(0.156) (0.156)  (0.212)  (0.212)
Interest fixations x Ar x DTI ~ -0.279 -0.295*  -0.395*  -0.406*
(0.170) (0.170)  (0.228)  (0.228)

Interest fixation; x Ar 0.615 0.565 -0.325 -0.331
(0.373) (0.373) (0.494) (0.494)
Interest fixationy x Ar 0.665* 0.615*% 0.371 0.371
(0.366) (0.366) (0.489)  (0.489)
Interest fixations x Ar 0.516 0.465 -0.124 -0.124
(0.372) (0.372) (0.488)  (0.488)
Interest fixationy x Ar 0.457 0.418 -0.764 -0.740
(0.365) (0.365) (0.497)  (0.497)
Interest fixations x Ar 0.192 0.169 -0.525 -0.494

(0.358)  (0.358)  (0.489)  (0.490)

Liquid assets-to-income No Yes No Yes
Observations 153,997 153,997 153,997 153,997
Clusters (households) 37,547 37,547 37,547 37,547

Notes: This table presents results from the same regression estimation as reported in Table 4 in
the main text, restricted to the sample of homeowners. Ar is the year-on-year change in the
monetary policy (repo) interest rate, set by the Central Bank’s monetary policy committee. DTI
denotes the ratio of debt-to-income. Interest fixation, refer to 5 indicator variables for quantiles
of the distribution of correlation coefficients between the household-specific interest rate and
the monetary policy rate; see main text for details. All specifications include individual fixed
effects, year fixed effects and a set of controls containing a fourth polynomial in age, the num-
ber of children, change in number of children as well as interactions between change in the
monetary policy interest rate and young (dummy for < 40), old (dummy for > 60) and children
(dummy for having children). Robust standard errors, clustered at the household level, are in
parenthesis.*** p<0.01, ** p<0.05, * p<0.1
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Table A.10: Consumption responses to interest rate changes by interest-rate correlation

(1) ) ®3) 4
OLS
All Households Homeowners
Corr x Ar x DTI -0.478***  -0.468*** -0.499***  -0.490%**
(0.093) (0.093) (0.102) (0.102)
Ar x DTI -0.098 -0.109 0.002 -0.017

(0.076)  (0.076)  (0.094)  (0.094)

Liquid assets-to-income No Yes No Yes
Mean DTI 1.19 1.19 1.52 1.52
Observations 192,242 192,242 129,406 129,406

Clusters (households) 46,801 46,801 31,552 31,552

v
All Households Homeowners
Corr x Ar x DTI -0.413**  -0.404*** -0.485*** -(0.473***
(0.124) (0.123) (0.135) (0.135)
Ar x DTI -0.158 -0.167% -0.107 -0.116

(0.099)  (0.099)  (0.125)  (0.124)

Liquid assets-to-income No Yes No Yes
Mean DTI 1.19 1.19 1.52 1.52
Observations 192,242 192,242 129,406 129,406

Clusters (households) 46,801 46,801 31,552 31,552

Notes: Ar is the year-on-year change in the monetary policy (repo) interest rate, set
by the Central Bank’s monetary policy committee. DT'I denotes the ratio of debt to
income. In the bottom panel, changes in interest rates are instrumented with monetary
policy shocks. All specifications include individual fixed effects, year fixed effects, and
a set of controls containing a fourth polynomial in age, the number of children, change
in number of children, as well as interactions between change in the monetary policy
interest rate and young (dummy for < 40), old (dummy for > 60), and children (dummy
for having children). Robust standard errors, clustered at the household level, are in
parentheses.** p<0.01, ** p<0.05, * p<0.1
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Table A.11: Consumption responses to individual interest rates and expenses

(1) 2) ®) (4)

Dependent variable: Alogeciy Ac; ¢
Ar; x DTI -0.181***  -0.180*** - -
(0.044) (0.044) - -

Ainterest expenses, - - -0.165***  -0.164***
- - (0.057) (0.057)

Liquid assets-to-income No Yes No Yes
Mean DTI 1.40 1.40 1.40 1.40
Observations 168,994 168,994 168,994 168,994

Clusters (households) 46,041 46,041 46,041 46,041

Notes: Ar; is the year-on-year change in the average household-specific interest rate,
computed according to equation (5). Ainterest expenses, is the year-on-year change in
households total interest expenses. We exclude the top and bottom 5 percent in terms
of changes in debt (extreme values are likely associated with debt repayment etc.). DT'T
denotes the ratio of debt to income. All specifications include individual fixed effects,
year fixed effects, and a set of controls containing a fourth polynomial in age, the number
of children, change in number of children, as well as interactions between change in the
monetary policy interest rate and young (dummy for < 40), old (dummy for > 60), and
children (dummy for having children). Robust standard errors, clustered at the house-
hold level, are in parentheses.*** p<0.01, ** p<0.05, * p<0.1
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