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Abstract

We use detailed household-level data from Denmark to investigate how the
legalization of interest-only mortgage affected household borrowing and con-
sumption. We first show that the legalization constitutes a large credit supply
shock that affects both the high and low ends of the income and wealth dis-
tribution. Interest-only mortgages made up approximately half of outstanding
mortgage debt three years after the legalization. Using an ex-ante measure of
exposure motivated by theories of financial constraints, we find a large impact
of interest-only mortgages on household consumption. We find that the effect
is driven by higher mortgage debt at the time of refinancing, and not by lower
savings due to IO mortgages. Our findings highlight that financial constraints
are not necessarily related to collateral values, and that financial innovation can
affect the entire income distribution.
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1 Introduction

While a consensus has emerged that the rapid increase in household debt in the United

States was a crucial factor in the outbreak of the Great Recessions, there is disagree-

ment on the underlying causes of the mortgage credit expansion. A prominent view

is that a shift in mortgage credit caused the increase in mortgage debt (see e.g. Mian

and Sufi, 2009). A contrary view argues that the pattern of mortgage debt expansion

is consistent with a demand side explanation, where households borrowed against high

house price expectations and where banks underestimated the losses and the risk of

defaults because they expected prices to keep rising. A key piece of evidence for this

view is that subprime borrowers did not make up a disproportional flow of mortgage

debt (Adelino et al., 2016; Foote et al., 2016; Albanesi et al., 2017). While this con-

tradicts a key hypothesis of the credit supply view, it leaves open the possibility that

a credit supply shift occurred that also affected prime households. In this paper, we

argue that new mortgage products provide such a supply shock.

Specifically, we argue that new mortgage products provide a supply shock that affect

prime borrowers, and investigate how borrowing and consumption responded. Our em-

pirical setting is Denmark, where interest-only mortgages were legalized in 2003. The

introduction of this new mortgage product was followed by a rapid increase in mort-

gage debt, consumption and house prices. Four years after the reform, interest-only

mortgages constituted 40 percent of outstanding mortgage debt, and total borrowing

had increased by 40 percent. Our goal is to show how this newly introduced mortgage

type was used by households, and to estimate the causal impact that this new product

had on borrowing and on consumption.

We begin by establishing several facts. First, the increase in borrowing was not concen-

trated among low-income or younger households. IO mortgages were as popular in the

upper end of the income distribution as in the lower end, making up approximately 60

percent of mortgage debt for both the lowest and highest deciles of income. The same

pattern holds in the wealth distribution. IO mortgages were also popular throughout
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the age distribution, but were an especially popular choice among households close

to and above retirement age. Among households over the age of 60 with mortgage

debt, more than 70 percent of that debt was interest-only. In addition, we show that

a key determinant of IO mortgage use is house value to income ratios. Both on the

individual and municipality level, this variable strongly predicts IO mortgage use. The

correlation between municipality house price level and IO mortgage share is 0.86. At

the same time regulatory loan to value ratios were unchanged, and leverage declined

over the housing market cycle (Justiniano et al., 2018, reports similar statistics for the

United Statess). Indeed, the households who were most likely to take out IO mort-

gages had low leverage beforehand, which we attribute to binding payment-to-income

constraints.

This is pattern of mortgage debt expansion is not unique to Denmark. In the United

States, similar unconventional mortgage products accounted for approximately 50 per-

cent of mortgage origination in 2007, having increased from one percent in 2000 (Jus-

tiniano et al., 2017). Amromin et al. (2018) find that households with interest-only

mortgages in the United States had high credit scores, high incomes and house val-

ues.1 We therefore have an alternative explanation for puzzling fact that household

debt increased across the income distribution (Adelino et al., 2016; Foote et al., 2016;

Albanesi et al., 2017), which has been taken as evidence against credit supply ex-

pansion causing rising debt holdings. IO mortgages are popular across the income

distribution, and can explain the increase in borrowing for both low- and high-income

households.

Why did these mortgage products become so popular? First, the lower initial payments

inherent in an interest-only mortgage allow for a lower savings rate today and for

better consumption smoothing, as in Friedman (1957). This not only applies to young

households with rising incomes (see Cocco, 2013), but also to those approaching

retirement who wish to live off their wealth.2 Kuchler (2015) finds cross-sectional

1See also Barlevy and Fisher (2011) and Dokko et al. (2015) on the impact of unconventional
mortgage products in the United States.

2Note that this requires that the household face binding credit constraints - households who can
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evidence that IO mortgage holders in Denmark have lower saving rates. Second,

the lower initial payments alleviate credit constraints related to mortgage payments.

Households subject to a payment-to-income constraint can increase their borrowing

with an interest-only mortgage (see e.g. Gorea and Midrigan, 2017; Greenwald, 2017;

Grodecka, 2017; Kaplan et al., 2017). We show that a simple formula captures the

importance of a PTI constraint relative to a traditional loan-to-value constraint: a

higher house value to income ratio implies that it is more likely that the payments on

the mortgage are limiting borrowing, not the value of the collateral. Alternatively, the

funds used to amortize the mortgage can be shifted towards other investments, such

as mutual funds or stocks. This has the additional benefit of increasing diversification

away from illiquid housing investments. In addition, an interest-only mortgages have

higher interest-payments over the lifespan of the loan, which may be desirable for tax

reasons, and an interest-only mortgage may in theory let households buy a larger house

initially, which reduces the frequency of moving.

We find empirical support for the importance of relaxed borrowing constraints related

to house values to income in the data: after ranking households by their pre-form

house value to income, we find that approximately twice as many households in the

top quartile had an IO mortgage as in the bottom quartile.3 Additionally, house value

to income in 2002 is negatively correlated with savings rates, suggesting that this

measure does capture borrowing constraints. We use the house value to income as our

measure of exposure to the reform ,and estimate the impact that higher exposure had

on growth in consumption expenditure in an intent-to-treat analysis similar to Mian

and Sufi (2012) and Berger et al. (2016). Additionally, we use an alternative strategy

that compares outcomes before and after refinancing to an IO mortgage in order to

disentangle the relative importance of borrowing and lower savings.

borrow unrestrictedly could undo any amortization payment by either refinancing their mortgage and
increased their debt (Hull, 2017), or could simply borrow more initially and use the additional funds
to amortize (Svensson, 2016).

3This pattern holds after controlling for a wide range of household demographic and financial
characteristics. Moreover, we find that leverage is declining in house value to income ratios, consistent
with binding payment to income constraints.
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We present several findings. An extensive analysis of time-trends indicates parallel

trends in consumption growth prior to the reform across groups with differing levels

of exposure to the reform, followed by a clear break with increasing consumption

growth for groups with high exposure and continued higher consumption growth. This

results holds even as the housing market cycle turns and house prices decline by an

average of 30 percent. We estimate that one standard deviation higher house value

to income is associated with an approximately 5 percent increase in consumption. In

aggregate, IO mortgages increased consumption by 7.6 percent between 2004 and 2010,

corresponding to 52 percent of the total increase in consumption expenditure.

The above strategy does not allow us to say whether the increase in consumption occurs

because of higher borrowing or lower savings. To disentangle whether the increase in

consumption comes from lower saving rates or higher borrowing, we exploit the timing

of when the household chooses to refinance to an IO mortgage to estimate the dynamic

impact on borrowing and consumption (Fadlon et al., 2015; Druedahl and Martinello,

2017). Using year and household fixed effects to address endogeneity concerns related

to fixed household characteristics and business cycle effects, we compare the behavior

of households who all chose to refinance to an IO mortgage, but who did so in different

years. We find that the increase in consumption is almost entirely driven by higher

borrowing at the time of mortgage refinancing. At the time of refinancing, there is a

spike in consumption expenditure followed by a reversion towards the previous trend.

The consumption to income ratio increases by approximately 0.27 times disposable

income at the time of refinancing, which corresponds to approximately 48 percent

of the increase in mortgage debt to income. In other words, on average half of the

increase in mortgage debt goes into consumption expenditure. These results are similar

to the results in the literature that studies the household response to lower interest

payments Agarwal et al. (2017); Abel and Fuster (2018).4 Bhutta and Keys (2016) find

that interest payments have a substantial impact on household borrowing, an effect

4See also Di Maggio et al. (2017), who find that lower mortgage payments substantially increase
consumption and Cloyne et al. (2016), who show that borrowers in the United Kingdom and the
United States increase their spending in response to lower interest payments.
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is particularly pronounced among younger borrowers with prime credit scores. As

the authors discuss, it is possible that their results reflect relaxed payment-to-income

constraint.

In the periods after, the consumption to income ratio returns to its previous level.

This pattern suggests that the increase in consumption was driven by higher refi-

nancing rates because of IO mortgages, not because of lower savings. An analysis

of heterogeneous responses is consistent with IO mortgages lifting binding payment

to income constraints. Individuals with higher leverage borrow less at the time of

refinancing, consistent with still-binding leverage constraints. Moreover, older indi-

viduals do reduce their savings rate when refinancing to an IO mortgages, but younger

households do not.

Our results provide important new evidence on the effect of lower mortgage payments

for consumption and borrowing. Beraja et al. (2018) find that the regional distribution

of housing equity influences how mortgage refinancing and household spending respond

to a decrease in interest-rates. Similar to our results, the increase in borrowing is lower

if leverage (equity) is higher (lower). In our setup, the distribution of house value to

income affects how households respond to a decrease in amortization payments because

of payment to income constraints.

The fact that the credit supply shock comes from the legalization of a new mortgage

product helps to isolate the effect of new mortgages, as we have a clear before and after

date. Based on the trend in house price growth, it seems unlikely that expectations over

future house prices was the initial shock that triggered the mortgage credit expansion.

Although it is possible that expectations changed at the same time, a more plausible

story is that the introduction of interest-only mortgages caused the initial increase in

house prices. This does not rule out that expectations were a contributing factor later

in the housing boom, but strongly suggest that higher expectations did not start the

housing boom or the initial increase in borrowing.

However, house prices did increase following the introduction of interest-only mort-
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gages (Bäckman and Lutz, 2018). This presents an additional challenge, as the effect of

IO mortgages for existing may well go through house prices. This would still represent

a causal impact of the introduction of IO mortgages on consumption, as any housing

wealth effect arises from rising house prices due to IO mortgage. To address concerns

over wealth effects, we first show that our results are consistent across areas with high

and low house price growth. In addition, there is little evidence for strong housing

wealth effects in Denmark. Browning et al. (2013) find very limited evidence for hous-

ing wealth effects during 1987-1996. When we extend their results up until 2010, we

find that the only years when house prices have a significant impact on consumption

are between 2004 and 2006.5 This result is driven by a higher refinancing rates in high

house price growth areas relative to low growth areas. If we control for refinancing,

there is no evidence of a housing wealth effect. Andersen and Leth-Petersen (2018)

find very similar results using Danish individual level data on house price expecta-

tions, and argue that the existence of a housing wealth effect is intimately linked to

the functioning of the mortgage market. In this sense, it is more plausible that IO

mortgages act as a common factor for house prices and consumption, which biases the

estimation of wealth effects (Attanasio et al., 2009).

The Danish institutional framework for mortgage financing helps rule out several other

confounding factors. Mortgage debt is more strictly regulated in Denmark compared

to the United States, with corresponding incentives for both mortgage banks and

households to not unduly speculate on rising house prices.6 Danish mortgage banks

are legally required to evaluate the income and house value for each borrower to assess

whether the borrower can repay a standard 30-year fixed rate mortgage product even

in the face of increasing interest rates. This requirement is incentivized through reg-

ulation that mandates that the mortgage banks are liable for any losses incurred on

mortgage bonds by investors, even as those bonds are sold off to investors (Campbell,

5This result holds for any subgroup of the population that we consider, including liquidity con-
strained, borrowing constrained and across age groups.

6Brueckner et al. (2016) argue that because IO mortgage postpone repayments, the higher risk
of negative equity makes this product riskier. In their model, this risk is mitigated if house price
expectations are high. Our focus on existing homeowners and the fact that default is an prohibitively
expensive option in Denmark limit the concern that households are using IO mortgages to speculate.
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2013). Other criteria for mortgage lending did not change during the boom. Mortgage

borrowing was limited to 80 percent of the house value, and borrowers were evaluated

on their ability to afford higher interest payments. Borrowers have a strong incentive

to conform to these limits and not to overextend themselves, as all debt in Denmark

is full recourse (and the laws are enforced).

Overall, these results show the importance of financial innovation in the mortgage

market for macroeconomic outcomes. This is important not only for diagnosing the

boom-bust episodes in Denmark, the United States and elsewhere, but also for policies

that guard against future crises. Our results show that macroprudential regulation

that directly affects the mortgage market, such as debt-service to income ratio or

amortization requirements, can have a large impact on borrowing and consumption

expenditure. A key lesson from Denmark is that policies that may seem small ex ante

can have large consequences for borrowing and consumption.

2 The introduction of interest-only mortgages

Interest-only mortgages were legalized in Denmark in 2003.7 This new product had to

be introduced through a regulatory reform, as the regulatory framework specifically

details which mortgage products the mortgage banks are allowed to offer their cus-

tomers. The purpose of the law change was to increase affordability for temporarily

credit constrained households, where the expectations was that this would be a niche

product that would not impact house prices or consumption.8 The legislation that

allowed the mortgage banks to offer interest-only mortgages, in Denmark referred to

as a “deferred amortization” mortgage (afdragsfrie l̊an), was introduced to the Danish

7Danish mortgage credit banks provide mortgage loans to households and sell bonds to investors
using the payments from the mortgage loans. The mortgage system operates according to a “matched
funding” principle, where each mortgage loan is matched by a mortgage bond sold to investors. A
more comprehensive overview can be found in Association of Danish Mortgage Credit Banks (2009),
Danske Bank Markets (2013), Campbell (2013, p. 28) and Kuchler (2015).

8Additional material on the process, the motivation and the debate surrounding the introduction
of IO loans can be found at https://www.retsinformation.dk/Forms/R0710.aspx?id=91430 and
at http://webarkiv.ft.dk/Samling/20021/MENU/00766131.htm.
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parliament on March 12, 2003 and was voted through parliament on June 4. Mortgage

banks were allowed to start selling interest-only mortgages in October of 2003. The

new product allowed for a 10 year period without amortization payments, after which

the borrower had to repay the outstanding debt over the remaining life-span of the

mortgage.

Importantly, other aspects of the regulatory framework were unchanged. There is no

government intervention in the mortgage market, neither through direct ownership of

mortgage debt nor through government insurance of mortgage debt. Similar to the

United States, the predominant mortgage contract in Denmark has historically been

the 30 year fixed rate mortgage contract, which made up over 90 percent of outstand-

ing mortgages in the early 2000s. This is the longest maturity allowed, and is also the

most popular. Variable-rate mortgage was introduced already in 1997. The interest

rate on mortgages is decided by investors in mortgage bonds, not by the mortgage

bank itself. All borrower can refinance with no pre-payment penalty, regardless of

their equity position. In other words, there is no lock-in effect of housing equity for

mortgage rates. Households can refinance to extract home equity up to the maxi-

mum loan-to-value limit of 80 percent. This requirement was enforced throughout our

sample period for all types of mortgages (Ministry of Economic and Business Affairs,

2007). The cost for refinancing is approximately 10,000 DKK ($1,500) (Andersen et al.,

2015). Borrowers are evaluated on their ability to afford a standard 30-year fixed rate

mortgage regardless of the mortgage contract they choose, and all mortgage debt is

full recourse. In the case of a borrower default, the mortgage bank that supplied the

mortgage can enact a forced sale of the collateralized property. If the proceeds from

the sale are insufficient to cover the outstanding debt, the mortgage bank can garnish

the incomes of the borrower until the debt is repaid. This ensures that there is no

strategic incentive to default in Denmark, regardless of the equity position. Indeed,

any outstanding debt will have a higher interest rate than previously.

Due to higher principal debt over the first 10 years, total interest-payments over the

life-span of the loan are higher for an interest-only mortgage compared to a mortgage
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that is amortized. The law proposal specifically mandates that the mortgage banks

inform their customers of both the higher costs and the higher risk associated with

these products. In a 2011 survey of IO loan holders, 89 percent reported being “very

well informed” or “well informed” about both the higher cost and the higher risk

associated with their mortgage choice.

In addition, mortgage banks were required to assess the credit risk of the borrower,

and had to maintain all credit risk on their balance sheet. Mortgage credit banks

use the proceeds from their borrowers to issue mortgage-backed bonds to investors.

Mortgage banks receive fees from borrowers but do not receive interest income or

mortgage repayments, which instead accrue to the bond investor. To limit moral

hazard all mortgage credit banks are legally required to retain all credit risk on their

balance sheets. If a borrower defaults, the mortgage bank who issued the bond has to

replace the defaulting mortgage with a bond with equivalent interest rate and maturity.

Investors therefore bear all refinancing and interest-rate risks, but face no credit risk.

This system operates without government intervention or direct guarantees.

3 Conceptual Framework

How should household consumption respond to the availability of interest-only mort-

gages, all else equal? A useful starting point is that amortization payments are a form

of savings, where the return is equal to the interest rate on the mortgage. Compared to

a standard amortizing mortgage where principal is repaid each period, the debt level

is constant in nominal terms until the interest-only period expires. An interest-only

mortgage therefore reduces the savings rate of the household.

To see how this product affects consumption, let us first consider a household that is

unconstrained in its consumption decisions. This household can borrow unrestrictedly,

which means that the consumption level is a function of life-time resources, as in

Friedman (1957). An unconstrained household can set a savings rate to achieve a
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desired consumption path, borrowing when current resources are low relative to lifetime

resources, and paying down debt when current resources are high relative to permanent

resources. If these households wanted to increase its consumption in the current period,

they can borrow more to do so. Effectively, unconstrained households have no use

for an interest-only mortgage, since they can replicate the interest-only part of the

mortgage through borrowing. In other words, the choice to increase consumption

through an IO mortgage is not valued by these households, since they are already

saving and consuming optimally.9 Unconstrained households will not choose an IO

mortgage in order to increase consumption, although they can chose them for other

reasons.

This result relies on unconstrained access to credit markets. However, it seems likely

that a share of the population faces constraints on how much they can borrow. Let

us therefore consider how a constrained household would react to an IO mortgage.

In this case, we can distinguish between two channels: a flow channel and a stock

channel. First, a constrained household can reduce savings by the amount previously

paid in amortization with an IO mortgage, raising the share of income that goes to

consumption. The reduction in savings occurs for all interest-only periods, hence we

denote it the flow channel. This effect occurs even if the household faces binding

borrowing constraints that limits additional borrowing.

The increase in consumption from this channel is directly related to the size of amor-

tization payments. If amortization payments are small as a percentage of income, the

impact on consumption will also be small. As we will see, mortgage size to income is

a strong predictor of IO mortgage use, which is consistent with an IO mortgage being

more valuable if amortization payments are larger as a percentage of income.

Second, lower amortization payments relax credit constraints and allow for additional

9In a model of consumption with an amortization requirement, Svensson (2016) shows that al-
though consumption remain constant with higher amortization payments, borrowing may actually
increase for unconstrained households, as long as the interest rate for borrowing rate is equal to
the interest rate on savings. This is because households borrow more to compensate for the higher
amortization payments.
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borrowing for households constrained by mortgage payments. This leads us to the

stock channel, where an IO mortgage facilitates additional borrowing and thereby raises

consumption. In particular, IO mortgages affect payment-to-income constraints, where

the sum of interest payments and amortization payments is not allowed to exceed a

fraction of current income (Greenwald, 2017; Gorea and Midrigan, 2017; Grodecka,

2017). For instance, a household with a mortgage interest rate of 5 percent and a

three percent amortization rate wishing to keep mortgage payments below 20 percent

of income is limited to borrowing at most 2.5 times her current income. With this type

of constraint the cost for the mortgage directly affects borrowing. If the household

chooses an IO mortgage with no amortization payments, borrowing capacity increases

to 4 times income.10

Note that IO mortgages do not affect constraints related to the value of the collateral.

Indeed, while many models of financial constraints consider collateral constraints in

the form of a loan-to-value constraint, IO mortgage does not directly affect the value

of the collateral. Indeed, households constrained by their LTV ratio will not be able

to take advantage of the stock channel of IO mortgages. Instead, only households

constrained by the payments will be able to borrow more with an IO mortgage, not

households constrained by collateral values.

If we want to understand how IO mortgages affect borrowing and consumption, we

need to understand who is constrained by their mortgage payments. In the next part

we focus on the stock channel.11 Consider a constrained household that faces two

separate constraints on her borrowing. First, the value of the mortgage is limited by

a LTV constraint given by M ≤ θHH, where the household can borrow an amount M

up to a fraction θH of house value H. Second, the household faces a PTI constraint

given by (γ + rm)M ≤ θY Y , where the sum of amortization payments, γ, and interest

payments, rm, cannot exceed a fraction θY of current income Y .12 We rewrite the

10Borrowing capacity in the initial example is equal to 0.20/(0.05 + 0.03) = 2.5. With lower
amortization payments, the borrowing capacity is equal to 0.20/0.05 = 4.

11We assume that, because the household faces a borrowing constraints and because consumption
is less than the desired level, any extra borrowing therefore results in additional consumption.

12Similar constraints is considered in the more developed models of Grodecka (2017), Greenwald
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above constraints as:

M̄ ltv = θHH and M̄pti =
θY Y

(γ + r)
.

M̄ ltv and M̄pti denote the maximum borrowing given the LTV and PTI constraint,

respectively. Since the minimum of the constraint will determine borrowing, we can

write the overall debt limit M̄ as:

M̄ = min(M̄ ltv, M̄pti).

Since household borrowing capacity is subject to both constraints simultaneously, max-

imum borrowing capacity is determined by the lower of the constraints. In other words,

the PTI constraint will be binding if M̄pti < M̄ ltv, or:

θY Y

(γ + r)
< θHH.

Rearranging, we arrive at an expression for when the PTI constraint is binding:

H

Y
>

θY
γ + r

1

θH
(1)

The above equation tells us that if a household is facing financial constraints, the

PTI constraint will be binding for sufficiently high values of H/Y . Note that for a

household facing a PTI constraint, interest rates and amortization payments are func-

tionally equivalent. In this sense, amortization payments represent a real constraint

on borrowing, even though they are fundamentally not a cost but a form of savings.

Intuitively, for sufficiently high house values relative to current income, the payments

for borrowing are binding, not the value of the collateral. Even if collateral values are

high enough that the LTV constraint is not binding, the household is unable to take

advantage and cannot borrow more.

(2017) and Gorea and Midrigan (2017).
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Figure 1: Borrowing under Two Constraints
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(a) Borrowing with a PTI and LTV Constraint
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(b) Maximum Borrowing and Leverage

Notes: The interest rate is 6 percent and amortization payments are 2 percent of mortgage debt, and the collateral
constraint, θH , is equal to 0.8 and is the slope of the LTV constraint. Both house values and borrowing are divided by
income.

We illustrate this result in Figure 1, where we plot borrowing according to each con-

straint in panel (a) and the maximum borrowing in panel (b). Both house values and

borrowing are scaled by income. In (b) we also include leverage, which is calculated as

the maximum borrowing divided by house value. We set thetaH to 80 percent of house

values, and θY to 20 percent of income. The LTV constraint implies that maximum

borrowing is linear in collateral values – as the house value to income ratio increases,

so does maximum borrowing. This is represented by the blue line on the left hand

side, where the slope is equal to θH .

With an interest rate of 5 percent and amortization payments of 3 percent, maximum

borrowing according to the PTI constraint is equal to 2.5 times her income. This is

irrespective of the value of the collateral – the red line denoting the PTI constraint

is constant over House Value to Income. Higher income, lower interest rates or lower

amortizations, or a higher θY allows for more borrowing, not higher values for the

collateral.

With the above numbers, the PTI constraint is binding for any house values above

3.125 times income.13 This is indicated by the dashed vertical line in both figures.

Intuitively, while the collateral values are sufficient to meet the LTV constraint, the

13We have that the PTI constraint is binding if H/Y is greater than 0.2/(0.05+0.03)×1/0.8 = 3.125.
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Figure 2: Changing Borrowing Constraints
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Notes: The figure plots maximum borrowing under two different scenarios. All parameter values are the same as in
Figure 1, unless otherwise indicated. The solid blue and red line are the maximum borrowing under the LTV and PTI
constraint. For the dashed blue line (New LTV), we increase house prices by 20 percent. For the dashed red line, we
set amortization rates equal to zero.

payment on any borrowing above this level will not satisfy the PTI constraint. Con-

versely, for values below 3.125, the collateral constraint is binding and the household

can only borrow 80 percent of the collateral values, even though the PTI constraint

is not binding. If the household faces only a LTV constraint, borrowing increases lin-

early in the value of collateral. This implies that the household is not fully using her

collateral above value of H/Y above 3.125, which we can see in the declining leverage

in the right hand side.

Let us now consider two experiments in Figure 2, where we plot the maximum borrow-

ing under different constraints. The blue dashed line shows how borrowing changes

when we exogenously increase house values to income ratios by 20 percent. For an

initial house value to income ratio below 3.125, the binding borrowing constraint is

loosened and borrowing is increased. Specifically, the household is able to borrow 80

percent of any increase in the value of her collateral, given that the LTV constraint is

binding. However, above the threshold from equation (1) the PTI constraint is binding

and the increase in collateral values does not affect borrowing. Intuitively, the house-

hold has more collateral available for borrowing but she cannot afford the payment on

the mortgage and thus cannot take advantage.
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Now let us consider another experiment where we remove amortization payments,

equivalent to our policy reform. We set amortization payment to zero, increasing the

maximum borrowing capacity of households constrained by amortization payments to

four times income. In the figure, this correspond to a shift up of the red dashed line for

those constrained by the PTI constraint. For values of H/Y below 3.125 times income,

borrowing does not change. For these households, removing amortization payments

has no impact on borrowing.

Once house value to income reaches 3.125 times income, however, borrowing can in-

crease. For certain house values to income, the binding constraints switch from PTI

to LTV, creating an angled upward slope of the red dashed line. When house value

to income exceeds 5, the PTI constraint is binding and borrowing can increase by the

full amount.14

Although simple, the conceptual framework illustrates key points for how IO mortgages

will affect consumption among financially constrained households. First, the value of

an IO mortgage is low for households who are not constrained. Indeed, this is easy to

see for households constrained by mortgage payments, as relaxing a PTI constraints

for households with low values of H/Y does not lead to increased borrowing. Second,

the increase in borrowing is increasing in H/Y . This increase is non-linear in three

sections of the H/Y distribution: (1) zero when the LTV constraint is binding; (2)

equal to the borrowing constraint on the LTV ratio between the new and old threshold

values due to a constraint switching effect; and (3) equal to the increase in the PTI

limit if the LTV constraint does not start to bind. This is similar to the results in

Beraja et al. (2018), where interest-rates does not affect households with negative

equity who are unable to increase borrowing, have a small effect on households with

little equity and a large effect on households with large amounts of equity.

14From equation (1), we have that: 0.2/0.05 ∗ 1/0.8 = 5.
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4 Data, Variables and Imputing consumption

Denmark Statistics provides data on wealth, income, and demographic characteristics

for the full population of Denmark. This data is collected through third-party report-

ing and is highly reliable, accurate and comprehensive. We use this data to construct a

panel of individuals which includes information on demographics such as age, gender,

education, marital status, the number of children, and municipality of residence; dis-

aggregated asset and debt information such as stock and bond holdings, cash deposits

at banks, bank debt and the market value of mortgage debt; labor market information

such disposable income, wages and employment status; housing information includ-

ing ownership status, property values, number of properties, and any housing market

transactions.

We add more detailed information about mortgage debt characteristics to this dataset.

Mortgage data is provided annually by Finance Denmark starting in 2009, and contains

information from the 5 largest mortgage banks in Denmark with a total market share

of more than 90 percent. 15 We use the origination date to assign the mortgage back to

the years before 2009. Specifically, we aggregate loan values and other characteristics

based on the origination year of the mortgage, and then merge these characteristics to

individuals prior to 2009.16

For each mortgage we observe loan size, bond value, maturity, the origination date of

the mortgage, whether it is an interest-only loan and whether the mortgage has a fixed

interest rate. We also observe a unique loan number, which can be shared between

several individuals. As we observe the total loan size and not the individual’s share of

the mortgage, we calculate a weight based on the number of individuals with the same

loan number. For example, if a mortgage loan occurs twice in the data, we assign half

the loan value to each individual.

15See Andersen et al. (2015) for more information about the registry.
16With this procedure, we are unable to classify whether a mortgage is interest-only or not in the

years prior to the most recent refinancing. In effect, the match is worse the further back in time we
go, as households refinance to take advantage of lower interest rates.
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Consumption Expenditure

Our key outcome variable is consumption expenditure. We impute it based on infor-

mation on income and changes in wealth. By definition, spending in a given year is

equal to disposable income minus the increase in net wealth. Since we observe these

variables, we can compute consumption expenditure for individual i at time t as:

Consumption Expenditureit = disposable incomeit − (net wealthit − net wealthit−1)

This procedure has been used in numerous empirical studies using Danish data (see

e.g. Leth-Petersen, 2010; Browning et al., 2013; De Giorgi et al., 2016; Jensen and

Johannesen, 2016). More importantly, imputed consumption expenditure has been

validated by comparing it to survey measures, and has generally performed well on

average (Browning and Leth-Petersen, 2003; Kreiner et al., 2015).17 Jensen and Jo-

hannesen (2016) compares an aggregated measure of imputed consumption in Danish

registry data to the value of private consumption in the national accounts, and shows

that the trend in these two measures is very similar from 2003 to 2011.

The main concern with imputed consumption is that changes in the valuation of items

on the balance sheet will be measured as consumption. For example, unrealized capital

gains on stock portfolio will be measured as consumption. Similarly, an increase in

the interest rate will lead to a decrease in the market value of a fixed rate mortgage,

increasing net wealth and lowering consumption expenditure. This is not an issue for

housing, where we can observe all property transactions. Since we are not interested

in households who do trade housing, we remove them from the sample and do not

include changes in housing wealth in the imputation.

Browning and Leth-Petersen (2003) find that imputed consumption corresponds well to

the self-reported consumption on average, but that outlier values can be problematic.18

17See also Koijen et al. (2015) for a similar procedure using Swedish data, and Ziliak (1998), Cooper
(2013) and Khorunzhina (2013) for imputed consumption using survey data.

18Koijen et al. (2015) point to a similar issue for imputed consumption in Swedish administrative
data.

17



We winsorize consumption expenditure at the 1st and 99th percentile. Finally, we limit

the sample to individuals who are present during all relevant years (from 2000 to 2010,

a total of 11 periods).

To address concerns over the stock portfolio (Koijen et al., 2015), we approximate

capital gains on stock portfolios with the market portfolio return. Specifically, we

multiply the value of stock holdings at the beginning of the year with the over-the-

year growth in the Copenhagen Stock Exchange (OMX) C20 index, and calculate

active savings as the end-of-year holdings minus stock holdings at the beginning of the

year adjusted for the capital-gains.

Sample and Variable Construction

We select all individuals between ages 22 and 75 years old who own housing.19 We

remove all entrepreneurs, as their income and wealth characteristics are less accu-

rately reported, and we remove individuals who buy or sell housing assets during our

sample period (Benmelech et al., 2017, find that household have higher consumption

expenditure in the year following housing purchases).

We construct a house value to income ratio for each household using adjusted tax

assessed house values divided by disposable income. Tax assessed house values in the

administrative data systematically underestimates actual house values, and we there-

fore adjust them using a scaling factor. The scaling factor is constructed as the ratio

between the actual sales price and the tax assessed valuation for all housing transac-

tion in a given year. We then average the scaling factor for each year-municipality

cell and multiply the tax assessed values for each individual based on the municipality

they live in.20 Finally, we divide this measure by disposable income to attain a House

Value to Income ratio.

19We have also used a sample where we aggregate all individuals into households. Results are
unchanged.

20Denmark Statistics calculates the equivalent scaling factor, but we are unable to use theirs because
of the municipality reform in 2007. For the years when we can compare our scaling factor to the one
provided by Denmark statistics, the two are consistent.
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We construct two variables related to credit constraints. First, we measure liquidity

constraints as the sum of stocks, bonds and cash deposits divided by disposable income.

We create a dummy equal to one if liquid assets are less than 1.5 months of income.

Second, we measure collateral constraints as the value of outstanding mortgage debt

divided by housing wealth, which we refer to as leverage, or loan-to-value (LTV). We

create a dummy equal to one if the LTV ratio is above 0.5.

5 Interest-only mortgages in Denmark

Interest-only mortgages rapidly became a popular product. Three years after the

reform, close to a third of outstanding mortgage debt in Denmark was held in interest-

only mortgages. To this day, IO mortgages remain a popular product, representing

approximately 50 percent of outstanding mortgage debt. Interest-only mortgages are

prominently used in areas with high price levels such as Copenhagen or the other larger

cities, but are also popular in other areas. When we examine Danish municipalities

(approximately equivalent to a US county), the lowest penetration was 37 percent and

that the highest one was close to 70 percent. This is somewhat in contrast to evidence

from the United States, where Amromin et al. (2018) and Barlevy and Fisher (2011)

report that IO mortgages were prominent in areas where house price growth was high

but not elsewhere. The Danish housing decline and following recession did not reduce

the popularity of these products, in contrast to how the use of similar products evolved

in other countries. Barlevy and Fisher (2011) and Amromin et al. (2018) find that IO

mortgages essentially disappeared after the housing crash and Cocco (2013) documents

that IO mortgages in the UK are less prominent after a regulatory change in 2000.

Even though Danish house prices declined by a similar magnitude as in the United

States, these products remain popular and in use today.

Table 1 provides summary statistics by mortgage type, using data from 2002. Con-

sumption in both levels and as a share of disposable income is higher for households

with an IO mortgage, a first piece of evidence that IO mortgage holders may be
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Table 1: Summary Statistics by Mortgage Choice

IO Mortgage Traditional Mortgage Difference Highest-Lowest

Financial Characteristics
Consumption 210,198 198,014 -12,183***

(132,999) (113,782) [-30]
Disposable Income 199,436 197,941 -1,495***

(93,411) (68,902) [-6]
Mortgage Debt 549,233 447,546 -101,687***

(303,964) (247,147) [-112]
House Value 995,969 854,118 -141,851***

(581,080) (477,178) [-82]
Sum of Liquid Assets 58,995 63,134 4,140***

(173,271) (177,358) [7]
Interest Payments 42,337 35,724 -6,612***

(22,322) (18,102) [-100]
Consumption to Income 1.06 1.01 -0.06***

(0.51) (0.44) [-35.08]
Consumption growth 2002-2006 0.14 0.09 -0.05***

(0.63) (0.57) [-26.63]
House Value to Income 5.14 4.39 -0.75***

(2.65) (2.14) [-94.96]
House Price Growth 2003-2006 40.26 36.25 -4.01***

(14.92) (15.10) [-80.34]
Income growth 2002-2006 -0.00 0.04 0.04***

(0.30) (0.25) [49.44]
Liquid Assets to Income 0.28 0.30 0.02***

(0.58) (0.53) [10.59]
Mortgage to Income 2.61 2.31 -0.30*

(61.37) (5.80) [-2.25]
Mortgage Rate 0.06 0.07 0.00***

(0.02) (0.03) [58.58]
Interest Payments to Income 0.16 0.13 -0.02***

(0.08) (0.07) [-94.36]
Liquidity Constrained 0.55 0.49 -0.07***

(0.50) (0.50) [-40.95]
Borrowing Constrained 0.76 0.71 -0.05***

(0.43) (0.46) [-33.23]
Household Demographic Characteristics
Age 45.85 43.75 -2.10***

(10.43) (9.01) [-65.66]
Education Length 13.63 13.72 0.09***

(2.66) (2.58) [10.62]
Family Size 3.02 3.12 0.10***

(1.22) (1.19) [24.75]
Employment Ratio during the Year 0.97 0.97 0.00***

(0.12) (0.11) [6.91]

Observations 155923 216261 372184

Notes: Descriptive statistics by mortgage choice for 2002. Column 1 includes all individuals who had an
IO mortgage in 2009, and Column 2 includes all individuals who had a traditional, amortizing mortgage
in 2009. Column 3 reports the differences between column 1 and 2, including the results from a T-test for
differences. For each individual we report demographic and financial characteristics. Financial characteristics
include consumption (defined in section 4), disposable income (the sum of income minus taxes, transfers and
interest-payments), mortgage debt as the market value of outstanding mortgage debt, house value as the tax
assessed value of all housing properties multiplied by the scaling factor, liquid assets as the sum of stocks,
bonds and cash deposits holdings, interest payments as the sum of mortgage and bank deb interest payments.
Mortgage rate is the sum of mortgage interest payments divided by the market value of the mortgage. All
variables marked as ”to Income” is the variable itself divided by disposable income. House price growth
is defined as the percentage growth in square meter prices from 2003 to 2006. Personal income growth is
the percentage growth in personal income (defined as the total income that the individual receives from all
sources). Liquidity constrained is a dummy equal to one if liquid assets are less than 1.5 months of income,
and borrowing constrained is a dummy equal to one if mortgage value divided by house value is greater than
0.5. Demographics include age, years of education, family size and the employment ratio during the year.
Standard deviations are in parentheses. ***, **, * denote significance at the 1%, 5%, and 10% for the T-test.
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more constrained. Consistent with higher constraints, we find higher mortgage to in-

come, interest-payments to income and a larger share facing liquidity and borrowing

constraints among households with an IO mortgage. Second, IO mortgage holders

experienced lower income growth and higher house price growth over the next years.

The use of the new mortgage product is not concentrated only among low-income

borrowers. Figure 3 shows that, conditional on holding mortgage debt, IO mortgages

proved popular throughout the (a) age, (b) income, and (c) wealth distributions. All

plots are calculated for the year of origination. The IO mortgage share is U-shaped

in the income and wealth distribution, where both the lower and upper ends of the

distribution are more likely to hold an IO mortgage. This suggests that IO mortgages

provide a credit supply shock that not only affects low-income households, but that it

had a large impact on the upper end of the income and wealth distribution. This is in

line with the findings in Amromin et al. (2018), who argue that in the United States

similar products were primarily used by sophisticated and high-income borrowers with

high credit scores.

The interest-only mortgage share is strongly increasing in mortgage size. Panel (d)

reports the IO mortgage share by mortgage size at origination. The share is approx-

imately 38 percent in the lowest decile, but increases rapidly as the mortgage size

increase. In the top decile, the share of IO mortgages is over 65 percent. This rela-

tionship also holds when we control for income or other variables.

In Table 2 we report regression results for to this effect. The dependent variable in all

regressions is a dummy variable equal to one if the individuals holds an IO mortgage,

and zero if the mortgage if not. We focus on the sample where we can identify the

type of mortgage the individual holds. The independent variables are house value

to income and loan value to income, along with a number of demographic controls.

We also control for municipality and year of origination fixed effects. We standardize

house value to income and loan value ratios to income to have zero mean and unit

variance, and provide results separately for fixed and variable rate loans.
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Figure 3: IO Mortgage Penetration
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(d) IO Mortgages by Mortgage Size

Notes: The figure plots the share of mortgage debt that is interest-only. Age, Income, wealth and initial mortgage
size is calculated for the year of origination. All observations are on the individual level. Data on mortgage choice is
originally from 2009, but matched back in time by year of origination. Panel (a) plots the IO share by age, panel (b)
plots the IO share by income deciles, panel (c) plots the IO share by total wealth, and panel (d) plots the IO mortgage
share based on the initial size of the mortgage.
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Table 2: Determinants of Mortgage Choice

House Value to Income Loan to Income

(1) (2) (3) (4) (5) (6) (7) (8)
All Years Controls Fixed Variable All Years Controls Fixed Variable

House value to 0.065*** 0.030*** 0.023*** 0.019***
income (0.000) (0.000) (0.001) (0.000)

Loan size to 0.098*** 0.081*** 0.094*** 0.040***
income (0.000) (0.000) (0.001) (0.000)

Controls No Yes Yes Yes No Yes Yes Yes

Observations 1,529,731 1,528,363 735,565 792,798 1,553,679 1,552,259 744,632 807,627

Notes: The dependent variable is a dummy equal to one if the individuals holds an IO mortgage in 2009. Demographic
controls include age and age squared, years of education, dummies for family size, dummy for female, employment ratio
during the year, an entrepreneur dummy, and a dummy for unemployed. We also include dummies for municipalities
and year of origination. House value to income is the sum of adjusted property values divided by disposable income.
Loan value to income is the mortgage loan size divided by disposable income. House value to income and Loan value
to income are standardized to have zero mean and unit variance. In columns marked by Fixed and Variable we divide
the sample according the interest-rate type. *, **, *** denote statistical significance at the 5%, 1% and 0.1% level.
Regression coefficients estimated with OLS. Robust standard errors in parentheses.

The coefficient on the House value to income and Loan size to income ratios are all

positive and strongly significant. A one standard deviation increase in loan size to

income increases the share of interest-only mortgage by approximately 0.09 times a

standard deviation in the first three columns, and by 0.04 of a standard deviation for

the variable rate mortgages. For House value to income, the effect is smaller but still

strongly significant in all regressions. These results are similar to what is reported by

Cocco (2013) for the United Kingdom.21

Overall, interest-only mortgages in Denmark are used prominently across the income,

wealth and age distribution. There is some initial evidence that these products are used

by households that ex-ante were more credit constrained. Moreover, house value and

mortgage size are strong predictors of choosing an IO mortgage, which is consistent

with IO mortgages being more valuable if the reduction in amortization payments

relative to income is larger.

21All results are robust to using only observations from the years after the legalization.
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6 The Impact of IO Mortgages on Consumption

Expenditure

We use two different methodologies to estimate the impact of IO mortgages on con-

sumption and borrowing. Because we cannot perfectly observe who holds an IO mort-

gage and since this decision may be correlated with other variables that drive consump-

tion growth, we begin with a strategy that leverages an ex-ante measure of exposure

to IO mortgages in an intent-to-treat analysis.

6.1 Empirical Strategy

Our exposure measure follows the intuition developed in the previous section. Specifi-

cally, we use the pre-reform house value to income ratio to identify households who are

more exposed to IO mortgages. Intuitively, we use this ratio to identify how much a

household would potentially benefit from choosing an IO mortgage. If the households

are more likely to benefit, they should also be more likely to take out the mortgage.

This is indeed what we find in the data – panel (a) in Figure 4 shows that the house

value to income ratio strongly predicts IO mortgage use. The figure plots the loan

share against the house value to income ratio measured in 2002, showing a strong

positive correlation between IO mortgage share and house value to income ratio for

binned bivariate averages, or “binscatters”.22

The figure provides support for credit constraints related to mortgage payments. First,

panel (b) shows that the interest-payments to income ratio is increasing in house value

to income. Second, panel (c) shows that leverage is decreasing in house value to

income, which is consistent with a binding payment to income constraints affecting

total borrowing, as in the right hand side of Figure 1. Third, the consumption to

22The results are robust to excluding any controls and to focusing on mortgage originated between
2004 and 2006, if we use loan size at origination or loan-to-income values, if we focus only on mortgage
originated in the housing boom, if we use municipality-level data, if we split the sample into households
aged below 40 and above 40, and if we focus on the sample that we use in the estimation.
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disposable income ratio is increasing in house value to income ratios. Effectively, this

implies that the savings rate is lower for households with a high house value to income

ratio. The higher spread around the line in this figure indicates that there is more

variation within each bin, however, suggesting that there is large heterogeneity in

savings behavior across house value to income ratios.

Our empirical strategy will exploit the cross-sectional variation in the ex ante house

value to income ratios (“Exposure”) to isolate the effect of the new mortgage product

on household consumption expenditure. By ranking households prior to the reform we

also avoid households selecting into high house value to income ratios in anticipation

of the reform. Berger et al. (2016) and Mian and Sufi (2012) use a similar strategy to

estimate causal effect of a national policy on groups with various treatment intensity.

We estimate the following cross-sectional regressions, where we average observations

for different time periods:

Consumptioni,t→T
Consumptioni,2000

= α + βExposurei + γXi + εi, (2)

where Consumptioni is consumption for household i in different time periods and

Exposurei is measured as the house value to income ratio in 2002, HouseV alue2002
Income2002

. We

scale consumption by its year 2000 value to estimate growth rates, similar to Berger

et al. (2016). By averaging and scaling by prior values of consumption expenditure

instead of using year-over-year changes we reduce noise and additionally avoid equity

extraction in one year from unduly affecting consumption growth.23 We estimate the

above regression for three different time periods: a Pre-Reform period from 2000 to

2002; an Early Post Reform Period from 2003 to 2006; and a Late Post Reform Period

from 2007 to 2010. We divide the post-reform period into an Early and Late periods to

23Andersen et al. (2016) illustrate this point. The authors show that households with high val-
ues of consumption in 2007 experienced large declines in the next year consumption because of
mean-reversion following equity withdrawal. If a household borrows (extracts equity), consumption
expenditure in that year will be high due to the imputation procedure. The next year, however, con-
sumption will be low, as the household is not extracting equity again. Year-over-year growth rates in
consumption expenditure will therefore first be high and then negative.
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Figure 4: House Value to Income and Key Outcomes
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(d) Consumption to Income by House Value to Income

Notes: The figure plots key outcome variables against the house value to income ratio. House value to income ratio is
the adjusted tax assessed house values divided by disposable income. Panel (a) plots the IO mortgage share against
house values to income. IO mortgage share is calculated using the data from 2009. Panel (b) plots interest-payments
to income against house values to income. Interest-payments to income is the total interest payments divided by
disposable income. Panel (c) plots leverage against house value to income, where leverage is defined as the loan value
divided by total house values. Panel (d) plots consumption to disposable income against house value to income, where
consumption is defined is Section 4. All bins control for year of origination and municipality fixed effects.
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examine whether different house price regimes impact the results. All control variables

are measured in 2002 and we cluster standard errors at the municipality-level.

Although the IO mortgage share is strongly correlated with our exposure measure, a

valid concern is that characteristics unrelated to IO mortgages are driving differences

in consumption growth for low versus high exposure households. For example, areas

with higher IO loan penetration may experience higher income growth over the busi-

ness cycle, leading to differential trends in income growth and thereby consumption.

Moreover, the introduction of IO mortgages may lead to changes in homeownership

over the cycle, as households adapt their housing choice to the new mortgages. To

address the last issue, we measure house value to income prior to the mortgage reform

to ensure that our measure is not conflated with homeownership decisions later in the

business cycle. Table 7 in the Appendix reports summary statistics for households in

different groups of Exposure, showing significant differences between households de-

pending on exposure. Importantly, the house price growth is different for groups with

high and low exposure, income growth is similar, and the mortgage rate is similar.

We employ multiple strategies to address these concerns. First, we use growth rates in

consumption instead of levels, thereby removing differences caused by different income

or consumption levels. Second, we provide extensive tests for parallel trends in the

pre-treatment period. Third, we explicitly control and test for housing wealth effect, as

house price growth is higher in areas with higher benefits of IO mortgages. Fourth, our

results are robust to including municipality fixed effects to control for income shocks

at the local level. All these results increase our confidence that we are identifying the

causal effect of IO mortgages on consumption.

6.2 Main Results

We begin by showing our main result graphically: consumption expenditure increased

more for households with higher ex-ante exposure to IO mortgages, a result that does

not reverse over time. Figure 5 plots the coefficients on Exposure from cross-sectional
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regressions for each year.
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Figure 5: Consumption Expenditure by Exposure

Note: The figure plots the coefficients on Exposure from a regression of
Consumptioni,t

Consumptioni,2000
= α+βExposurei+γXi+εk,

and the 95 percent confidence intervals, marked with dashed lines. Control variables include dummies for age, family
size, and education level. Standard errors are clustered on the municipality level.

Exposure is close to zero and is not statistically significance from 2001 to 2003, but

becomes positive and statistically significant after IO mortgages are introduced. The

results show that consumption is consistently higher for the group that is most ex-

posed to IO loans, even after house prices start decreasing in 2008 and 2009. This

evidence suggests that there was no reversal in consumption, consistent with an in-

creased consumption level over time. This pattern is not consistent with short-term

shocks affecting consumption, such as business cycle effects, income expectations or

housing wealth effects, as those revert back once the economy and housing market

starts to decline in 2007.

We present further evidence on the effect of higher Exposure on consumption growth in

Figure 6, using an exercise from Berger et al. (2016). The figure plot scaled consump-

tion for 100 bins based on pre-reform house value to income. The vertical axis shows

households sorted by their 2002 values, and the horizontal axis indicates the years. A

higher value on the vertical axis corresponds to a higher house value to income ratio

in 2002 (a higher Exposure). Each cell shading shows the value of the key outcome

variable, consumption scaled by its year 2000 value. This approach allows us to per-

form the traditional graphical pre-trend comparisons between different groups for the
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Figure 6: Difference-in-Difference Heatmap

Note: The figure plots a difference-in-difference, year-by-year heatmap of consumption expenditure. The vertical axis
sorts households into 100 bins based on Exposurei, and the horizontal axis shows years. Each cell color corresponds to
the level of the outcome variable (consumption scaled by the value of consumption in 2000) after we partial out control
variables. Figure 10 shows the non-partialled version.

full distribution of the population. In effect, each cell corresponds to a difference-in-

difference regression, and we use the relative shading prior to the introduction of IO

mortgages in 2003 to examine different pre-trends in consumption growth.

Prior to the introduction of IO mortgages in late 2003, consumption growth is simi-

lar across groups. This corresponds to a parallel trend in consumption growth, and

suggests that the assumption behind the empirical strategy is valid. In 2004 and espe-

cially in 2005, consumption increases for the households that benefit the most from the

reform. Consumption growth in 2005 appears to be monotonically increasing in ex-

ante benefit of choosing an IO mortgage, suggesting that the results are not driven by

outliers. Moreover, it does not appear that the impact of IO mortgages is short-lived.

This is consistent with a higher consumption-level from choosing an IO mortgage, or

opposite to a consistently lower savings rate over time. A one-time shift up in con-

sumption is consistent with choosing an IO loan to lower savings rates, but is less

consistent with one-time changes due to increased borrowing in one period, temporary

income shocks or business cycle effects. For instance, Andersen et al. (2016) find that

households borrowed to fund durable consumption in one year, leading to a short-term
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Table 3: Consumption by Exposure for Different Time Periods

(1) (2) (3) (4) (5) (6)
No Contr. Contr. Mun. Contr Inc. / Mort. Rate IO Low HP growth

Pre-Reform (2001-
2003)

-0.018*** 0.004 -0.003 -0.004 -0.008*** -0.007***

(0.003) (0.002) (0.002) (0.002) (0.002) (0.001)

Observations 531,902 531,887 531,887 531,630 371,979 454,221

Early Post Reform
(2004-2006)

0.001 0.039*** 0.023*** 0.022*** 0.015*** 0.017***

(0.005) (0.003) (0.002) (0.003) (0.003) (0.002)

Observations 531,902 531,887 531,887 531,630 371,979 454,456

Late Post Reform
(2007-2010)

0.013*** 0.055*** 0.048*** 0.047*** 0.038*** 0.043***

(0.004) (0.002) (0.002) (0.002) (0.002) (0.002)

Observations 531,902 531,887 531,887 531,630 371,979 454,496

Post-Reform(2004-
2010)

0.007 0.047*** 0.035*** 0.035*** 0.026*** 0.030***

(0.004) (0.002) (0.002) (0.002) (0.002) (0.002)

Controls No Yes Yes Yes Yes Yes

Observations 1,063,804 1,063,774 1,063,774 1,063,260 743,958 908,952

Notes: The table presents estimates of the per-period effect of interest-only mortgages on consumption growth relative
to 2000. The results are from cross-section regressions of the form:

Consumptioni,t→T

Consumptioni,2000
= α+ βExposurei + γXi + εi,

where the dependent variable is Consumption expenditure divided by its 2000 value for the relevant time period. In
specifications with controls, we include age dummies, family size dummies, education level, a dummy for liquidity con-
strained in 2002, dummies for 10 leverage bins measured in 2002. From Column 3 and onwards we include municipality
dummies. In Column 4 we include a household specific mortgage rate for the period and disposable in the period
scaled by its 2000 value to control for income growth. Column 5 restrics the sample to where we can observe mortgage
choice. Column 6 removes individuals in the top quartile of house price growth. House price growth is calculated as
the increase in square meter prices from 2002 to 2006. Exposure is normalized to have zero mean and unit variance.
*, **, *** denote statistical significance at the 5%, 1% and 0.1% level. Standard errors clustered on municipality in
parentheses.

increase but also to a reversal.

Table 3 provides the estimates of Equation (2) for different time periods. Specifically,

the table provides estimate from a cross-sectional regression of exposure on consump-

tion scaled by its year 2000 value for different time periods. The results in this table

confirms the results in the previous figures for a variety of specifications.

In the Pre-Reform period we generally find that exposure predicts lower consumption

growth, not higher growth. However, once we include controls this result is generally

not statistically significant and the effect is small in magnitude. In the Early Post

Reform period, Exposure predicts higher consumption, consistent with the results

in the above figures. Quantitatively, the results with controls indicate a 1.5 to 3.9

30



percent increase in consumption relative to its 2000 value for a one standard deviation

increase in exposure in the years immediately after the reform, and a 3.8 to 4.7 percent

increase for the period between 2007 and 2010. Consumption expenditure is therefore

consistently higher for individuals with higher values of exposure, and shows no sign

of reversing when house price growth turns negative in 2008 and 2009. In Column

3, we include municipality dummies to control for for house price growth and labor

market shocks on the municipality. The coefficients are somewhat smaller, but remain

positive and highly significant.

However, there could be other factors that drive consumption growth that are cor-

related with exposure. In particular, lower interest rates and higher income growth

are potential causes of higher consumption. Lower interest rates also affect payment

to income constraints in a similar manner to an IO mortgage. If PTI constraints are

binding, a variable rate mortgage with a lower interest rate would also allow for higher

borrowing. Moreover, higher income growth would relax PTI constraints and would

allow for higher consumption. To address these concerns, we control for the per-period

interest rate and growth in disposable income in column 4 . The results in column 4

suggest that IO mortgages have an independent impact on consumption.

In column 5, we restrict the sample to the individuals where we can observe mortgage

choice as we will use these observations later to investigate the savings versus borrowing

channel, and find similar results. Finally, column 6 removes individuals living in

municipalities where house price growth was high. As the results are still consistent

with the previous results, we believe that our results are not driven by housing wealth

effects. Indeed, a good indication of this is that the effect of higher exposure stays

constant even after house prices decline, suggesting that the higher consumption was

not related to cyclical factors. We return to housing wealth effects in Section 8.

Recall that the benefit of an IO mortgage in terms of consumption relies on financial

constraints, and that in the absence of these constraints we do not expect to see an

effect on consumption. Motivated by this prediction, we test whether groups that
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Table 4: Post-Reform Heterogeneity Depending on Credit Constriants

(1) (2) (3) (4)
Liquidity Leverage Young House Price Growth

Exposure 0.031*** 0.046*** 0.041*** 0.028***
(0.002) (0.002) (0.002) (0.003)

Liq. Constrained × Exposure 0.012***
(0.002)

LTV Constrained × Exposure -0.025***
(0.002)

Young × Exposure -0.021***
(0.002)

2nd HP Growth quartile × Exposure 0.004
(0.003)

3rd HP Growth quartile × Exposure 0.007*
(0.003)

4th HP Growth quartile × Exposure 0.019***
(0.004)

Controls Yes Yes Yes Yes
Observations 1,063,774 1,063,774 1,063,774 1,063,774

Notes: The table presents estimates of the post reform (2004-2010) period effect of interest-only mortgages on con-
sumption growth relative to 2000. The results are from cross-section regressions of the form:

Consumptioni,t→T

Consumptioni,2000
= α+ β1Exposurei + β2Exposurei × Zi + µZi + γXi + εi,

where the dependent variable is Consumption expenditure divided by its 2000 value for the relevant time period. In
specifications with controls, we include age dummies, family size dummies, education level, a dummy for liquidity
constrained in 2002, dummies for 10 leverage bins measured in 2002, and municipality dummies. House price growth
is calculated as the increase in square meter prices from 2002 to 2006. Exposure is normalized to have zero mean and
unit variance. *, **, *** denote statistical significance at the 5%, 1% and 0.1% level. Standard errors clustered on
municipality in parentheses.

are more or less likely to be financially constrained reacted differently. The results

are available in Table 4 for the pooled sample period (2004-2010). In all regression we

control for the variable of interest, allowing us to interpret the results of the interaction

as the additional effect of higher exposure for a particular group. We provide additional

results in Figure 7.

We examine two proxies for financial constraints, liquid assets to income as a proxy

for liquidity constraints and mortgage to housing value as a proxy for borrowing con-

straints. Low liquid assets imply that the household is essentially not saving except

through mortgage payments, and that this makes it more likely that they are finan-

cially constrained Gross and Souleles (2002). Liquidity constrainted is a dummy equal

to one if the individual held less than 1.5 months of disposable income in liquid as-

sets in 2002. LTV constrained is a dummy equal to one if leverage was above 0.5
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Figure 7: Heterogeneity in Results by Age and Leverage
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Notes: The figures presents estimates of the post reform (2004-2010) period effect of interest-only mortgages on
consumption growth relative to 2000 for deciles of (a). The dependent variable is Consumption expenditure divided by
its 2000 value for the relevant time period. In all specifications we include age dummies, family size dummies, education
level, a dummy for liquidity constrained in 2002, dummies for 10 leverage bins measured in 2002, and municipality
dummies. House price growth is calculated as the increase in square meter prices from 2002 to 2006. Exposure is
normalized to have zero mean and unit variance. Standard errors clustered on municipality in parentheses. 95 percent
confidence intervalls.

times house values. The coefficient in Column 1 for liquidity is equal to 0.031 for

exposure, and the interaction term shows that being liquidity constrained in 2002 in-

creased this coefficient by 0.012. In Column 2, we find that higher leverage predicts a

lower response. This is consistent with tighter borrowing constraints for highly levered

households, who are not able to take advantage of the reduction in payments. In the

conceptual framework, we saw that if the LTV constraint was binding borrowing is

unable to increase because of lower payments, although consumption could increase

because of lower savings. The increase in consumption was smaller for households

with higher leverage, consistent with binding LTV constraints limiting the response to

lower payments (see Bhutta and Keys, 2016).

In Column 3, we show that the impact of exposure on consumption was smaller for

individuals below 45 years of age in 2002. This suggest that it is not younger households

who are constrained by mortgage payments. In Column 4 we provide results depending

on house price growth during the boom. Specifically, we divide municipalities into

four groups according to the house price growth during the boom, and estimate the

results for Exposure for each quartile. The impact of exposure is larger in areas that
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experience high house price growth, but is still positive and significant across areas.

6.3 Aggregate Estimates

We calculate the aggregate impact of interest-only mortgages on consumption by ex-

ploiting cross-sectional differences in exposure, following Berger et al. (2016) and Mian

and Sufi (2012). We choose the bottom one percent of exposure as the control group,

and compute the impact of the reform relative to this group. For the bottom group

standardized exposure is -1.64, increasing to 6.9 for the top group. For each group g,

the aggregate increase in consumption due to IO mortgages is equal to:

∆Consumptiong = β × (eg − (−1.64)) × Consumptiong,2002, (3)

where β is the coefficient on Post-Reform in Column 2 of Table 3 for the full Post-

Reform period, eg is standardized exposure of group g and Consumptiong,2002 is the

consumption expenditure for group g in 2002. We calculate the aggregate impact of

IO mortgages on consumption expenditure by summing across all groups. The total

increase in consumption expenditure for our sample over the same time period is 14.6

percent. Provided that the bottom group is a legitimate control group, we estimate

that the introduction of interest-only mortgages increased consumption expenditure by

7.6 percent between 2003 and 2010, corresponding to 52 percent of the total increase

in consumption.

7 Borrowing Level and Savings Rate after Choos-

ing an IO Mortgage

The previous results show that consumption increased more for households exposed

to IO mortgages, but we do not know if consumption increased because of higher

borrowing or because of a lower savings rate. To answer this question, we employ
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a different identification strategy that exploits the timing of mortgage refinancing

together with individual fixed effects. This exercise will allow us to disentangle the

growth in consumption expenditure into two parts. First, borrowing will occur in the

period when the household chooses the mortgage. A spike in C/Y at the time of

refinancing indicates an increase in borrowing for consumption purposes at the time

they chose an IO mortgage. Second, a lower savings rate will be reflected in a higher

C/Y ratio after the initial borrowing period.

Estimating dynamic effects is challenging for several reasons. Households who choose

an IO mortgage may differ from the rest of the population in ways that affect their

consumption expenditure. For instance, Andersen et al. (2015) show that Danish

households differ in their propensity to refinance. This is not only a fixed characteris-

tic, but also a results of how certain households respond to time-varying incentives to

refinance. While we in some ways can control for fixed characteristics, time-varying

characteristics correlated with choosing an IO mortgage provide a different challenge.

This stresses the difficulty in comparing IO mortgage holders with the general pop-

ulation. We therefore select a sample consisting only of households who choose an

IO mortgage, and exploit the difference in timing across refinancing events. This is

similar to the strategy employed by Druedahl and Martinello (2017) to study the effect

of inheritances on long-run wealth accumulation and by Fadlon et al. (2015) to study

the effect of health shocks on household labor supply.

The difference-in-difference approach is illustrated in Figure 8. Consumption to income

ratios are similar up to 2004, start to differ in the year prior to refinancing, spikes in the

year of refinancing, and converges to a similar level after refinancing has occurred. We

can eliminate year and group fixed effects by using the variation in the figure, but this

limits us to the information available for those two years. To implement this strategy

for all years, we follow Druedahl and Martinello (2017) and describe the consumption
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Figure 8: Example of Identification Strategy

Note: The figure shows the estimated effects and 95 percent confidence intervals of refinancing to an IO mortgage
on consumption to disposable income in (a) 2005 and (b) 2006. The plotted coefficients are year dummies. Standard
errors are clustered on the individual borrower level.

to disposable income ratio C/Y at year t of a household i refinancing at time τi as:

Ci,t
Yi,t

= γ<−31[t−τi < −3]+
−2∑

n=−5

γpren 1[t− τi = n]+
6∑

n=0

γpostn 1[t− τi = n]+αi,t+ψi+εi,t

(4)

where αi,t and ψi are year and individual fixed effects. We repeat the same procedure

for mortgage debt to income and total assets to income. γ<−3 is a normalization for

any observation prior to 3 years before refinancing. The reference category for γpre and

γpost is two years before refinancing. All observations are clustered on the individual

level. Druedahl and Martinello (2017) show that this is approach can be viewed as

an event study with separately identifiable year and year-by-cohort fixed effects. The

approach maintains the identification assumption of a common difference-in-difference,

but allows us to use all available information in the same estimation to identify the

effect of choosing an IO mortgage beyond the point where the second group chooses

an IO mortgage.

We present results in Figure 9 and selected results in Table 5. Results for all years can

be found in Table 8 in the appendix. The mortgage debt to income ratio spikes in the

year of refinancing. Relative to the average, the ratio increase by 56 percent at the

36



Figure 9: Dynamics of Consumption and Mortgage Debt
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Notes: The figures shows the estimated effects and 95 percent confidence intervals of refinancing to an IO mortgage
on (a) mortgage to disposable income and (b) consumption to disposable income. The effects are estimated before and
after refinancing to an IO mortgage according to equation 4. Standard errors are clustered on the individual borrower
level.

time of refinancing, and remains elevated in the years after refinancing. This increase

in mortgage debt in turn translates into a large impact on consumption expenditure in

the same period – the consumption to disposable income ratio increases by 28 percent

at the time of refinancing. Together, these two numbers imply that approximately

50 percent of the increase in mortgage debt goes into consumption expenditure. At

the same time, we also see that liquid assets to income also increases. Not all equity

extracted goes directly into consumption expenditure. The results for the years prior to

refinancing indicates that the assets to income ratio was already trending downwards.

Notably, we do not find that consumption expenditure is higher after refinancing to

an IO mortgage. Together with the result that consumption spikes in the year of

refinancing, we therefore find that the impact on consumption from IO mortgages are

driven by a one-time increase in consumption at the time of refinancing. While this is

somewhat surprising, it is consistent with IO mortgages loosening financial constraints

related to mortgage payments at the time of refinancing for the individuals who chose

an IO mortgage. As we are examining within-individual differences in consumption

over time, these results suggest that borrowing constraints were loosened but that

consumption continued on a similar path as before refinancing.
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Table 5: Difference in Difference Results

(1) (2) (3)
Years from Refinancing Mortgage to Income Consumption to Income Assets to Income

-4 0.002 0.001 0.019***
(0.003) (0.002) (0.001)

-3 -0.001 -0.002 0.013***
(0.002) (0.002) (0.001)

0 0.561*** 0.280*** 0.160***
(0.003) (0.002) (0.001)

1 0.389*** -0.010*** 0.039***
(0.003) (0.002) (0.001)

3 0.229*** -0.017*** 0.005**
(0.004) (0.002) (0.002)

Controls Yes Yes Yes

Observations 1,696,170 1,711,148 1,696,170

Notes: The table shows the estimated effects and standard errors from estimating equation 4. Control variables include
age dummies, education length and family size. All regressions include individual fixed effects and year dummies. *, **,
*** denote statistical significance at the 5%, 1% and 0.1% level. Standard errors clustered on individuals in parentheses.

However, the analysis so far has focused on the average response to IO mortgages. The

theoretical literature and the previous discussion suggest that the response will differ

across individuals with differing needs for consumption smoothing. We therefore ana-

lyze heterogeneity in the response to choosing an IO mortgage across several empirical

measures associated with credit constraints and need for consumption smoothing.

Table 9 provides the results. We use several proxies for credit constraints. First, we

use house value to income ratio to measure the importance of payment constraints.

Columns 1-3 in Panel A provides the results for mortgage to income, consumption to

income and assets to income. In the table, we have interacted a dummy for high house

value to income ratios with the time period in question. Specifically, House Value to

Income in this table is a dummy equal to one if house value to income in 2002 is above

the median value. As we need to interact time dummies with the group indicator, we

report coefficients for a Pre-refinancing period equal to one if refinancing is more than

2 years in the future, a coefficient for the year of refinancing, and a coefficient for the

post refinancing period.

The estimates show that individuals with a higher than median house value to income

ratio increase their mortgage to income by more compared to below median individ-
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uals, and that their consumption respond in the year of refinancing is also higher. In

particular, these estimates imply that individuals with an above median house value

to income increase their mortgage by 0.747 times disposable income, compared to

0.586 times disposable income for below median individuals. Moreover, above median

individuals have a significantly larger post-refinancing consumption level. This sug-

gest that individuals with high house value to income ratios have a larger marginal

propensity to consume out of amortization payments.

Second, young households borrow significantly lower amounts when they refinance to

an IO mortgage, which also corresponds to a significantly lower impact on consump-

tion. Young individuals are defined as less than 45 years of age. Young households

also have a lower consumption to disposable income ratio in the years after refinancing

as compared to older households. Relative to younger individuals, older individuals

therefore on average use IO mortgages to decrease savings rates.

Third, both liquidity and borrowing constrained households increase their mortgage

by less, and consume less in the year of refinancing. For borrowing constrained indi-

viduals, defined as having a high loan-to-value ratio in 2002, an IO mortgage leads to

a lower increase in mortgage debt and in consumption, consistent with the theoreti-

cal framework. Recall that an IO mortgage has no impact on a household that faces

borrowing constraints related to collateral values (see 2).

Taken together, these results suggest that there is important heterogeneity in the

response across individuals. Individuals with higher house value to income ratios are

able to borrow more with an IO mortgage, and also increase their consumption more.

However, with a binding collateral constraint the value of an IO mortgage is lower.

These results are broadly consistent with IO mortgages relaxing PTI constraints, as

in Greenwald (2017) and Grodecka (2017). However, the results could also be driven

by differences in preferences (discount factors, risk aversion).
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8 Housing Wealth Effects

In this section we explore an alternative mechanism for consumption increased during

our time period. A plausible interpretation of the above results is that they are driven

by wealth effects from higher house price, since households that are more exposed to

the reform also experienced higher growth in house prices. Before we begin, however,

we note that if house price shocks were driving the results, we would expect a decline

in consumption in the Late Post Reform period (2007-2010), as house prices declined

dramatically during this period (see e.g. Mian et al., 2013). Moreover, our results are

robust to including municipality fixed effects.

However, it is plausible that households with higher exposure have a stronger reaction

to house price growth (which would lead to a positive coefficient on Exposure even

after controlling for house price growth through municipality fixed effects), and that

the increase in consumption is driven by wealth effects and not by IO mortgages.

While it is difficult to fully rule out this explanation, we present evidence below that

housing wealth effects are likely small or non-existent in Denmark, that they are driven

by equity extraction from mortgage refinancing, and that the presence of wealth effects

for our sample is not robust to including controls for mortgage rates and equity ex-

traction. Instead, the evidence suggest that IO mortgages act like a “common factor”

that drives both house prices and consumption in the same locations (Attanasio and

Weber, 1994; Attanasio et al., 2009; Windsor et al., 2015).

Below we estimate wealth effect for the years between 1998 and 2010. Specifically, we

follow Browning et al. (2013), and estimate the following equation for different time

periods:

∆Consumptionikt = α0 + α1(HPgrowthkt) + α3(∆Incomeikt)

+α2(rikt) + γXikt + λzt + εikt, (5)

where ∆Consumptionikt is the log-difference in total consumption expenditure be-
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Table 6: Housing Wealth Effects

(1) (2) (3) (4) (5)
All Years Controls 1998-2002 2003-2006 2008-2010

House Price Growth 0.158*** 0.052** 0.005 0.095*** 0.018
(0.043) (0.015) (0.026) (0.021) (0.022)

Income Growth 0.533*** 0.473*** 0.549*** 0.562***
(0.006) (0.010) (0.006) (0.010)

Control variables No Yes Yes Yes Yes
Observations 5,632,832 5,469,385 1,486,193 2,479,972 1,503,220

Notes: *, **, *** denote statistical significance at the 5%, 1% and 0.1% level. Standard errors clustered on year-
municipality in parentheses. Dependent variable is the change in log consumption, ∆Consumptionikt. ∆HPIkt is the
change in log square meter price between t − 1 and t for municipality k. ∆yit is the change in log disposable income
between t− 1 and t. Regressions in column 2-5 include controls for age, education level, change in number of children,
a household-specific individual return, and with region, year and region-year effects.

tween period t and t− 1 for household i in municipality k and period t. HPgrowthkt

is the log-difference in house prices, ∆Incomeikt is the log-difference in disposable in-

come, rikt is the real interest rate between periods t−1 and t, and Xikt is a set of control

variables that include changes in demographic characteristics between periods t − 1

and t. We include a full set of region-year fixed effects, λzt, to account for aggregate

effects. This equation is standard in the literature on wealth effects (see Aladangady,

2017; Andersen and Leth-Petersen, 2018, for comprehensive summaries ).

Consistent with the findings in Browning et al. (2013) for 1987-1996, we find that

house price growth is uncorrelated with consumption growth in all periods, except

for the period when IO mortgages became prominent. Table 6 provides the period-by-

period estimates of HPgrowthkt from the above equation.24 The only period when the

estimate is statistically different from zero is between 2003 and 2006. The correlation

between house prices and consumption expenditure is driven by a few years with high

house price growth that followed the introduction and the increased use of interest-only

mortgages. Table 10 shows that if we include controls for equity extraction and for the

mortgage rate, consumption is not positively correlated with house price growth, even

24All results are robust to excluding stock holders, which we conduct to understand whether mea-
surement error due to imputation of stock holdings may contaminate our findings, to estimating
separate results depending on liquidity and borrowing constraints, and to normalizing consumption
expenditure by disposable income.
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in the housing boom period between 2003 and 2006. Additionally, the coefficient on

the interaction between house price growth and IO mortgage suggest that IO mortgage

holders responded less to house price growth.

These results mirror what Browning et al. (2013) find for Danish households between

1987 and 1996. The authors argue that housing wealth effects are negligent in Den-

mark, which our results also indicate. It therefore does not seem likely that changes

in house prices can explain the increase in consumption among Exposed households

that we observe.

9 Conclusion

We examine the impact of interest-only mortgages on consumption growth. We find

that IO mortgages are prominent across the age, wealth and income distribution.

The results provide important new evidence on the cause of the financial crisis. In

particular, the prevalence of IO mortgages across the income distribution suggests

that financial innovation is valuable to a large share of the population. This fact

can potentially explain the increase in borrowing throughout the income distribution

observed during the housing boom in the United States that Adelino et al. (2016) and

Foote et al. (2016) finds.

Using a measure of exposure to the mortgage reform observed prior to the introduction

of the new mortgage products, we find that the introduction of IO mortgages had a

positive and significant impact on household consumption and borrowing. Moreover,

we find that these results are driven primarily by higher borrowing at the time of refi-

nancing, and not by a lower savings levels. These results have important implications

for the estimation of housing wealth effects. Given that house prices and consump-

tion positively respond to IO mortgages in the same areas, this can create a positive

correlation between house prices and consumption that mimics a housing wealth effect.

The constraint that we consider here, however, is not usually modeled in the literature.
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Starting from Kiyotaki and Moore (1997) and Iacoviello (2005), the macro-finance

literature has mainly focused on collateral constraints. These models would find it

difficult to replicate the experiment with interest-only mortgages, as these products

do not affect collateral constraints. In a world with only collateral constraints, IO

mortgages should not affect borrowing or house prices, as amortization payments are

not a cost but a form of savings.

Greenwald (2017) and Grodecka (2017) are exceptions that incorporate payment to

income constraints, and indeed these papers motivate much of our empirical approach.

Our results suggest that changing amortization payments can have large impact on

consumption expenditure. If a large enough number of households choose to refinance

at the same time, this one-time adjustment can have a substantial impact on aggregate

consumption. Both additional borrowing and the lower amortization rate will lead to

a one-time adjustment and a higher level of consumption, but the aggregate effect

will dissipate as more and more households have already refinanced. This suggests

that after the initial shock to consumption has expired, the presence of interest-only

mortgages as an option will not affect aggregate consumption dynamics. It is precisely

the introduction and increased popularity of these mortgages that created a boom

in house prices and consumption in Denmark, not the availability of these mortgages.

Indeed, forcing households to increase their savings by forcing them to start amortizing

again may negatively impact consumption growth in the aggregate.
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A Appendix

A.1 Municipality-Level Price Index

We construct a municipality level house price index using data on all transactions

in Denmark. The data is from The Danish Gazette (Statstidende), and covers the

universe of Danish property transactions as a part of the judicial process of transferring

ownership. We combine the data on property sales with data on individual property

characteristics from the Housing Register (Bygnings- og Boligregister, BBR). Further,

we collect data on property ownership to identify trades between spouses and family

members, and to identify trades that occur due to the death of a spouse or due to

divorce. These trades are removed from the final sample, as they are less likely to be

sold at market prices.25

After collecting the data on all property transactions, we connect each house and

apartment to the Housing Register (BBR) to find the property type (apartment,

single-family house or summer house). We further drop outliers in the sales price

by removing the top and bottom 1 percent in the sales price distribution, and by re-

moving any transactions where the transaction price is listed as zero. The resulting

sample of households are then used to calculate the average square meter price for

traded properties in all municipalities.

25Removing family trades and similar non-market transactions are common in the construction of
real estate indices. See, e.g., the S&P Case-Shiller index methodology: http://us.spindices.com/
index-family/real-estate/sp-case-shiller.
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B Appendix: Figures
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Figure 10: Difference-in-Difference Heatmap without partialling out control variables

Note: The figure plots a difference-in-difference, year-by-year heatmap of consumption expenditure. The vertical axis
sorts households into 100 bins based on Exposurei, and the horizontal axis shows years. Each cell color corresponds
to the level of the outcome variable (consumption scaled by the value of consumption in 2000).
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C Appendix: Tables

Table 7: Summary Statistics

Low HV/Inc 2 3 4 T-test (4-1)

Housing Market Characteristics

House Price Growth 2003-2006 28.46 33.60 42.20 48.65 13.53***
(12.54) (13.21) (14.28) (12.96) [218.70]

Housing Supply 0.05 0.05 0.14 0.29 0.14***
(0.18) (0.13) (0.25) (0.36) [137.93]

Household Demographic Characteristics

Age 47.50 47.79 49.29 52.73 2.93***
(9.02) (9.15) (9.60) (9.83) [68.30]

Education 14.06 14.31 14.46 14.55 0.30***
(2.42) (2.28) (2.35) (2.50) [27.66]

Family size 3.17 3.16 3.04 2.80 -0.22***
(1.10) (1.07) (1.05) (1.01) [-44.67]

Employment Ratio during the Year 0.97 0.97 0.97 0.97 0.00***
(0.08) (0.08) (0.08) (0.09) [3.81]

Household Financial Characteristics

Consumption 362,971 368,581 382,804 383,588 17,293***
(137,873) (130,766) (143,849) (157,723) [27]

Disposable Income 369,245 372,320 380,850 371,140 6,389***
(107,829) (92,493) (102,533) (112,686) [14]

Mortgage Debt 440,574 619,384 741,116 820,420 239,263***
(306,436) (359,801) (449,280) (579,869) [126]

Housing Wealth 805,098 1,202,111 1,611,716 2,221,629 832,014***
(280,401) (316,661) (459,772) (758,616) [362]

Housing Wealth to Income 2 3 4 6 2***
(0) (0) (0) (1) [530]

Liquid Assets 124,263 126,697 145,581 186,018 35,276***
(298,222) (218,419) (245,762) (307,884) [29]

Interest Payments 42,502 52,533 58,047 59,808 11,105***
(26,193) (28,711) (32,991) (39,801) [78]

Consumption Growth 2002-2006 0.06 0.08 0.10 0.13 0.04***
(0.38) (0.38) (0.39) (0.42) [20.05]

Personal Income Growth 0.00 0.01 0.01 0.00 -0.00**
(0.18) (0.17) (0.18) (0.22) [-2.85]

IO Mortgage Dummy 0.32 0.40 0.49 0.59 0.16***
(0.47) (0.49) (0.50) (0.49) [64.61]

Liquid assets to income 0.31 0.33 0.38 0.51 0.11***
(0.51) (0.52) (0.58) (0.77) [40.24]

Mortgage to income 1.21 1.68 1.96 2.21 0.60***
(0.81) (0.92) (1.10) (1.46) [123.07]

Equity Extraction 0.14 0.16 0.18 0.18 0.03***
(0.35) (0.36) (0.38) (0.39) [17.52]

Mortgage Rate 0.07 0.07 0.07 0.06 -0.00***
(0.04) (0.04) (0.04) (0.04) [-10.96]

Interest payments to Income 0.08 0.10 0.11 0.12 0.02***
(0.05) (0.05) (0.06) (0.07) [79.61]

Liquidity Constrained 0.45 0.43 0.38 0.31 -0.09***
(0.50) (0.49) (0.48) (0.46) [-38.58]

Borrowing Constrained 0.62 0.63 0.57 0.43 -0.11***
(0.48) (0.48) (0.50) (0.50) [-49.28]

Observations 58114 60015 50872 30135 199148

Notes: Descriptive statistics by mortgage choice for 2002. Column 1 reports summary statis-
tics for the group of individuals in the bottom quartile of House Value to Income ratio, and
column 4 reports summary statistics for individuasl in the top quartile. Column 5 reports the
differences between column 1 and 4, including the results from a T-test for differences. For
each individual we report demographic and financial characteristics. Financial characteristics
include consumption (defined in section 4), disposable income (the sum of income minus taxes,
transfers and interest-payments), mortgage debt as the market value of outstanding mortgage
debt, house value as the tax assessed value of all housing properties multiplied by the scaling
factor, liquid assets as the sum of stocks, bonds and cash deposits holdings, interest payments
as the sum of mortgage and bank deb interest payments. Mortgage rate is the sum of mortgage
interest payments divided by the market value of the mortgage. All variables marked as ”to
Income” is the variable itself divided by disposable income. House price growth is defined as
the percentage growth in square meter prices from 2003 to 2006. Personal income growth is the
percentage growth in personal income (defined as the total income that the individual receives
from all sources). Equity extraction is a dummy equal to one if mortgage debt increases by more
than 10 percent year-over-year. IO mortgage is a dummy equal to one if the individual holds
an IO mortgage in 2009. Liquidity constrained is a dummy equal to one if liquid assets are less
than 1.5 months of income, and borrowing constrained is a dummy equal to one if mortgage
value divided by house value is greater than 0.5. Demographics include age, years of education,
family size and the employment ratio during the year. Standard deviations are in parentheses.
***, **, * denote significance at the 1%, 5%, and 10% for the T-test.
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Table 8: Difference in Difference Results - Full Table

(1) (2) (3)
Years from Refinancing Mortgage to Income Consumption to Income Assets to Income

-5 -0.025*** -0.018*** 0.022***
(0.005) (0.003) (0.002)

-4 0.002 0.001 0.019***
(0.003) (0.002) (0.001)

-3 -0.001 -0.002 0.013***
(0.002) (0.002) (0.001)

-1 -0.099*** -0.030*** -0.045***
(0.002) (0.002) (0.001)

0 0.561*** 0.280*** 0.160***
(0.003) (0.002) (0.001)

1 0.389*** -0.010*** 0.039***
(0.003) (0.002) (0.001)

2 0.315*** -0.026*** 0.017***
(0.003) (0.002) (0.002)

3 0.229*** -0.017*** 0.005**
(0.004) (0.002) (0.002)

4 0.131*** -0.013*** 0.000
(0.003) (0.002) (0.002)

Controls Yes Yes Yes

Observations 1,696,170 1,711,148 1,696,170

Notes: The table shows the estimated effects and standard errors from estimating equation 4. Control variables include
age dummies, education length and family size. All regressions include individual fixed effects and year dummies. *, **,
*** denote statistical significance at the 5%, 1% and 0.1% level. Standard errors clustered on individuals in parentheses.
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Table 9: Heterogeneity in Dynamics – Age and House Value to Income

X = House Value to Income X = Young

Mortgage Consumption Assets Mortgage Consumption Assets
to Income to Income to Income to Income to Income to Income

Panel A

Pre Refinancing -0.115*** 0.003 0.027*** -0.093*** 0.024*** -0.008***
(0.003) (0.002) (0.001) (0.004) (0.002) (0.002)

Year of Refinancing 0.586*** 0.230*** 0.146*** 0.816*** 0.337*** 0.262***
(0.004) (0.003) (0.002) (0.005) (0.004) (0.002)

Post Refinancing 0.445*** -0.019*** 0.044*** 0.697*** 0.011*** 0.147***
(0.005) (0.002) (0.002) (0.006) (0.002) (0.002)

Pre Refinancing × X 0.089*** 0.022*** -0.013*** 0.042*** -0.019*** 0.049***
(0.005) (0.002) (0.002) (0.005) (0.002) (0.002)

Year of Refinancing × X 0.161*** 0.101*** 0.089*** -0.272*** -0.097*** -0.127***
(0.005) (0.004) (0.003) (0.006) (0.005) (0.003)

Post Refinancing × X 0.101*** 0.013*** 0.059*** -0.399*** -0.045*** -0.142***
(0.006) (0.002) (0.002) (0.006) (0.002) (0.002)

X = Liquidity Constrained X = Borrowing Constrained

Mortgage Consumption Assets Mortgage Consumption Assets
to Income to Income to Income to Income to Income to Income

Panel B

Pre Refinancing -0.042*** 0.013*** 0.019*** -0.126*** -0.025*** -0.010***
(0.004) (0.002) (0.002) (0.005) (0.003) (0.002)

Year of Refinancing 0.735*** 0.310*** 0.244*** 1.044*** 0.431*** 0.322***
(0.005) (0.004) (0.002) (0.007) (0.005) (0.004)

Post Refinancing 0.547*** -0.000 0.103*** 0.923*** 0.014*** 0.190***
(0.006) (0.002) (0.003) (0.008) (0.003) (0.003)

Pre Refinancing × X -0.041*** 0.004 0.002 0.075*** 0.053*** 0.037***
(0.005) (0.002) (0.002) (0.006) (0.003) (0.002)

Year of Refinancing × X -0.106*** -0.040*** -0.085*** -0.487*** -0.190*** -0.165***
(0.006) (0.005) (0.003) (0.007) (0.006) (0.004)

Post Refinancing × X -0.082*** -0.021*** -0.045*** -0.569*** -0.037*** -0.150***
(0.007) (0.002) (0.003) (0.008) (0.003) (0.003)

Controls Yes Yes Yes Yes Yes Yes

Household Fixed Effects Yes Yes Yes Yes Yes Yes

Observations 1,695,369 1,710,045 1,695,114 1,695,369 1,710,045 1,695,114

Notes: The table shows the estimated effects and standard errors from estimating equation 4 with interactions. The
interaction variable is listed in the top row (X = House Value to Income for interaction effects by a dummy for above
median house value to income). House value to income is a dummy equal to one for values above the median value in
2002. Young is a dummy equal to one if the individual is below 45 years of age. Liquidity constrained is a dummy equal
to one if the sum of liquid assets is less than 1.5 months of disposable income. Borrowing constrained is a dummy equal
to one if mortgage values in 2002 was above 0.5 times house values. Control variables include age dummies, education
length and family size. All regressions include individual fixed effects and year dummies. *, **, *** denote statistical
significance at the 5%, 1% and 0.1% level. Standard errors clustered on individuals in parentheses.
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Table 10: Housing Wealth Effects between 2003 and 2006 and Equity Extraction

(1) (2) (3) (4)
All obs. With Equity Extraction Including IO Dummy IO Dummy Interaction

House Price Growth 0.095*** 0.008 0.018 0.035*
(0.021) (0.017) (0.017) (0.017)

Equity Extraction 0.378*** 0.386*** 0.386***
(0.003) (0.003) (0.003)

IO2009 -0.038*** -0.034***
(0.001) (0.002)

IO2009 × HP Growth -0.056***
(0.016)

Controls Yes Yes Yes Yes

Observations 2,479,972 2,479,972 2,479,972 2,479,972

Notes: *, **, *** denote statistical significance at the 5%, 1% and 0.1% level. Standard errors clustered on year-
municipality in parentheses. Dependent variable is the change in log consumption, ∆Consumptionikt. ∆HPIkt is the
change in log square meter price between t − 1 and t for municipality k. ∆yit is the change in log disposable income
between t− 1 and t. Regressions in column 2-5 include controls for age, education level, change in number of children,
a household-specific individual return, and region, year and region-year effects.

55


	Introduction
	The introduction of interest-only mortgages
	Conceptual Framework
	Data, Variables and Imputing consumption
	Interest-only mortgages in Denmark
	The Impact of IO Mortgages on Consumption Expenditure
	Empirical Strategy
	Main Results
	Aggregate Estimates

	Borrowing Level and Savings Rate after Choosing an IO Mortgage
	Housing Wealth Effects
	Conclusion
	Appendix
	Municipality-Level Price Index

	Appendix: Figures
	Appendix: Tables

