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Abstract

We build an incomplete markets model to analyze the costs and
benefits of borrower-based macroprudential policies. We calibrate
it to match Sweden’s economic environment in the early 2000’s and
analyze the effects of two regulations: a stricter down-payment re-
quirement, from 10% to 15%, and a cap on debt-to-income (DTI) of
500%. We find that a stricter downpayment requirement has lim-
ited positive benefits in terms of reducing consumption sensitivity
to temporary shocks to income or the mortgage risk premium while
it reduces the homeownership rate of the middle-aged and has neg-
ative welfare effects for 78% of the households. A cap on DTIs at
500% has small effects—on house prices as well as households” wel-
fare and resilience—because it is a binding constraint for only 8.5%
of 25-year-olds but for no 35-year-old.
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1 Introduction

Since the financial crisis, countries have taken measures to safeguard fi-
nancial stability, such as stricter regulations on banks’ capital require-
ments (Basel III) and a bail-in process for systemically important banks.
Since a large part of banks’ risk exposure stems from residential mort-
gages, additional regulations that directly target the design of mortgage
contracts have been introduced. Such regulations involve stricter down-
payment requirements, a cap on debt-to-income or loan-to-income ratios,
and amortization requirements. These regulations are often contentious
— for many reasons. One reason is that there are clear winners and losers
from them. Restricting access to the mortgage market will distort pur-
chasing power in the market for owner-occupied homes. Naturally, it
will benefit wealthier households that have a lesser need for borrow-
ing, at the expense of wealth-poorer households with good labor income
prospects. However, we argue that another important reason for the con-
troversy surrounding these regulations is that there is limited evidence
that the regulations ultimately improve financial stability. There are im-
portant empirical studies that evaluate reform effects with a focus on out-
comes such as household indebtedness, house prices, and financial sav-
ings (e.g., Aastveit, Juelsrud and Getz Wold (2020), Bernstein and Koudijs
(2023), Backman, Moran and van Santen (2024)). The Swedish regula-
tory agency, FI, has conducted a number of empirical studies based on
samples of new mortgage borrowers (e.g., Finansinspektionen (2017a), Fi-
nansinspektionen (2017b), Andersson et al. (2018), Andersson and Aranki
(2019).! Overall, this empirical literature finds strong responses, in that
households reduce their debt, buy cheaper homes and increase their ac-
cumulation of net worth. Nevertheless, such studies have, by their de-
sign, only limited bearing on answering the question of whether regula-
tions actually have improved financial stability. Consequently, given the
current state of knowledge, it is difficult to trade off costs and benefits

IThere is also a related literature that attempts to identify household statistics and met-
rics that would indicate an elevated risk of a macro-financial crisis. For instance, it has been
debated whether debt overhang or debt-financed overspending is a better predictor of a
crisis — see Dynan (2012), Andersen, Duus and Laerkholm Jensen (2016), Broadbent (2019)
and Svensson (2021).



associated with the regulations.

Rather than evaluating implemented reforms, in this paper we use a
model-based approach which offers new possibilities. First, it overcomes
selection issues that can arise in data sets based on new mortgage origi-
nation if some households choose to not take on a mortgage (and instead
rent their home). Second, it enables counterfactual analysis. More pre-
cisely, we are able to analyze household resilience in response to adverse
shocks to labor income or mortgage interest expenses, which potentially
could trigger a macro-financial crisis.” Third, a model offers a framework
for trading off costs against benefits.

Specifically, we build a life-cycle consumption-savings model where
markets are incomplete in that households face idiosyncratic uninsurable
income risk (i.e., a model with heterogenous households). The model in-
cludes a decision whether to rent or buy a home, how much to borrow,
and how much to consume in non-housing consumption and save in fi-
nancial wealth. The owner-occupied housing market is in equilibrium,
that is, the house price adjusts so that demand equals supply (which is
fixed). We use the model to evaluate different borrower-based macropru-
dential regulations. We quantify welfare effects associated with changes
to housing and consumption behavior. Moreover, we offer one perspec-
tive on the benefits of the regulations in that we measure household re-
silience to shocks, in terms of changes in marginal propensities to con-
sume to temporary income shocks and temporary shocks to adjustable
mortage interest rates. Our model is similar to Campbell, Clara and
Cocco (2021), Guren, Krishnamurthy and McQuade (2021), and Kragh Balke,
Karlman and Kinnerud (2024).

We calibrate the model to mimic the institutional and economic set-
ting of Sweden in early 2000s, a period for which we have good house-
hold data on wealth. Then, we analyze two concrete regulatory changes,
or reforms, one by one. The first reform is a stricter downpayment re-
quirement where the minimum downpayment changes from 10 to 15 per-
cent. It is akin to the introduction of Sweden’s stricter downpayment re-
quirement, which was introduced in 2010. The second reform is a cap on

2See Blanchard (2018) for a theoretical framework to diagnose the severity and causes of
a macro-financial crisis.



debt-to-income ratios at the time of mortgage orgination. The intent of
such a regulation could be to serve as a back stop in that it anchors ag-
gregate debt to aggregate incomes (in normal times, the anchor may not
be a constraint).

We have three main findings from analyzing the change of the mini-
mum downpayment requirement from 10% to 15%. First, in the model
78% of households lose from such a reform. The winners are house-
holds that have a lot of wealth relative to their long-term earnings ca-
pacity (proxied by permanent labor income). The reason that they win
is that they need access to the mortgage market the least and are able to
buy large homes. Second, the demand for owner-occupied housing is re-
duced. House prices fall by 2% and the homeownership rate falls by 3.5
percentage points among 35-year-olds. Third, the benefits—in terms of
household resilience—are limited. Aggregate mortgage debt decreases
by 6.6%. However, we argue that improvements in measures of house-
hold indebtedness are best viewed as an intermediary macroprudential
aim in countries with strong creditor rights (i.e., full recourse of mort-
gages). A more suitable metric is households” marginal propensity to
consume in response to shocks. We find that homeowners’ consump-
tion response to temporary income shocks barely changes, from an av-
erage marginal propensity to consume of 0.156 to 0.151. The reason is
that the liquid savings buffer remains largely unchanged. Furthermore,
homeowners’ consumption response to a mortgage expense shock—in
the model arising from a shock to Swedish mortgages’ risk premium—
is unaffected. The marginal propensity of consumption to such a shock
remains virtually unchanged at 0.137. The reason is that interest sensi-
tivity is determined by two factors: the marginal propensity to consume
out of temporary income shocks and the amount of debt with adjustable
rates, and neither factor is affected to a large extent by the stricter down-
payment requirement. This insight suggests that it might be necessary
to regulate the duration of the household’s mortgage portfolio directly if
one wishes to reduce households’ interest rate sensitivity.

We also analyze the introduction of a cap on mortgage debt-to-income
(DTTI) at 500%. We find that very few households are affected, and only
temporarily. The share of 25-year-olds that wish to buy and take up mort-



gages corresponding to a DTI ratio of 500% or more is 8.5%. However,
they are only temporarily constrained. At 35 years it is optimal for them
to be below the cap. Since few households are affected, the purchasing
power in the owner-occupied housing market is not distorted by much
and hence house price changes and welfare effects are small. Likewise,
the effects on household resilience are small.

We wish to point out that our model is stylized. For instance, the
rental market in the model is overly accessible relative to the Swedish
one. Moreover, the household problem is simple: households can only
buy houses at two occasions, they cannot take out a second mortgage
late in life and there is no market for uncollateralized debt. We also as-
sume that all households face a positive spread between savings in fi-
nancial wealth and the mortgage rate whereas in reality this depends on
households’ portfolio choice. The housing supply in the owner-occupied
market is fixed, also in the long run, whereas in reality it would probably
adjust to price changes. Further, we focus on stationary equilibria so we
do not study the transitional dynamics after a change in regulation. Fi-
nally, the model is stated in real terms (i.e., inflation is absent), there is no
response of the central bank to shocks, and the calculated welfare effects
do not include any potential benefits in a crisis.

The rest of the paper is organized as follows. Section 2 describes our
model and section 3 our calibration of it. Section 4 presents our results.
Section 5 concludes.

2 Model

We set up a life-cycle model with two consumption goods to analyze the
effects of macroprudential regulation. Households choose between rent-
ing and owning their house and can adjust their housing choice through-
out the life cycle. All households can save in a bond and homeowners
have access to a mortgage market. We use the model to analyze distor-
tions on housing choices and consumption as well as effects on liquid
savings and marginal propensities to consume out of transitory income
and interest rate shocks.



2.1 Demographics

The model is a life-cycle model and one time period is one year. Let j de-
note the age of the household and ¢ the calendar year. We also introduce
notation for birth cohort &k = ¢t — j. Households enter the model and start
economic life at j = 25. We follow households over the life-cycle (until
J = 100), which consists of a working phase and a retirement phase with
exogenous retirement at 65. When households enter the economy there
is heterogeneity in terms of initial assets and idiosyncratic earnings risk.

2.2 Income process

During the working phase (up to age 64), the individual faces a labor
income process with a life-cycle trend and persistent income shocks. Let
y;; denote the labor income of employed individual ¢ at age j. Then for
J < 65:

In(y;;) = g5+ 25 + v, )
Zij = Zij—1 T Nij, 2
Yij =2 Y 3)

The first term, g;, is a hump-shaped life-cycle trend. The second term,
zij, is the permanent labor income component. The third term, v;; is
an idiosyncratic transitory shock. The permanent component has an id-
iosyncratic shock, n;;. The shocks have normal distributions and are dis-
tributed: v;; ~ N (—02/2,02) and n;; ~ N (—07/2,07). We allow for
heterogeneity in income as early as age 25 by letting the initial persis-
tent shock, zo5, be distributed N(—02/2, 62). Disposable income cannot
be less than y which is a parsimonious way to account for welfare and
transfers.

Upon retirement (at j > 65), households instead receive a safe pen-
sion income modeled as a deterministic replacement rate relative to per-
manent labor income at 64:

Yij = N'yliy = A" exp(ges + Ziga), “4)
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where yZ, can be thought of as permanent income at 64 and \" is the
replacement rate from the pension system. Going forward we use the
term permanent income to refer to yf; = exp(g; + zij)-

2.3 Preferences

Households have CRRA preferences over a consumption basket consist-

ing of the non-durable consumption good, ¢;, and housing services, h;.>

In every period, households choose how much to consume of non-durable
consumption and housing services. Housing services may be either rented
or owned. Owned housing can be used as collateral for borrowing. At

age j, each individual gets utility from the utility function

Cl*QK.hjé’l—'y
o = @ 5

where 7 is the coefficient of risk aversion and 6 is the Cobb-Douglas ex-
penditure share on housing. The parameter « is between 0 and 1 and is a
utility penalty if the household chooses to rent. Such a utility differential
is standard in the literature (see, e.g., Castellanos, Hannon and Paz-Pardo
(2024)). For notational convenience we define the consumption basket
C; = cjl-fehﬁ.

Individuals maximize life-time utility. From the perspective of 25
year-old this means that the objective function is:

100

Uss = Eos ZBF%UJ (6)

=25

where 3 is the discount factor.

3To be more precise, households receive utility from housing services s. For simplicity,
we assume a linear housing technology that transforms housing units to housing services
such that s = h.
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2.4 Financial markets: savings and the mortgage

In addition to housing, households can save in financial wealth, a; with

the gross (risk-free and time invariant) interest rate R = 1 + 7.
Households that choose to buy their housing services may take up a

mortgage. Households choose their loan-to-value (LTV) ratio at the time

of purchase ();), which we define as A\; = —Z-, where P} is the current

g
Pth, h’
house price per square meter. The following constraint on the loan-to-
value ratio applies at mortgage origination in j:

A< (1=9), @)

where 0 is the minimum requirement for downpayment. We specify an
amortization function ¢(.) that stipulates that a specific share of the cur-
rent mortgage balance be amortized. Formally,

mj1 = (1—q(.))m;.

The analogue for LTV is:
h

t
Jph -
Pt+1

A1 = (1= a())A ®)
Notice that the law of motion implies a geometric rate of amortization
rather than the linear rate implied by the macroprudential regulation.?
The way that the law of motion is specified matters for the minimium
amount to be amortized when house prices are non-stationary. We spec-
ify baselines for ¢ and ¢(.) in the calibration and then explore policy ex-
periments by making changes to § and imposing a maximum value for
debt-to-income too. The rate of return on the mortgage is

rm =r+4+rg", 9)

where £ is a premium relative to the rate of return on savings.

4The actual Swedish regulation could be written as m 41 — m; = g(.)m®, where m© is

the mortgage balance at the time origination.
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2.5 Housing markets

There is a fixed supply of owner-occupied housing. Homeowners cannot
rent out parts of their houses. The rental market has elastic supply of
rental housing at a constant rent per square meter. We assume that the
price per square meter and the rent per square meter, respectively, are
independent of house size.

2.6 The household’s problem

Households choose consumption (c¢;) and financial wealth (a;) in every
period, subject to a no-borrowing constraint for a;(a; > 0). Moreover, at
age 25 and age 35 households can choose to purchase a house.

2.6.1 The choice of whether to own or rent

Age25 Atj = 25, households have the choice whether to buy a house or
rent. Households that buy a house have access to a mortgage and choose
their loan-to-value ratio A;.

Initial cash-in-hand is given by initial financial wealth, a, and initial
labor income, yo5:

Tas = 4 + Y25, (10)

where In(a) is distributed N(p14,04). Formally, at age 25 the household
chooses the optimal tenure status:

Va5 = max {V;g7 V;;} . (11)

where V.5 is the value associated with buying and V.2 is the value asso-
ciated with renting.

Age35 Atj = 35thehousehold is given a second chance to buy a house,
which means that it can either transit from rentership to ownership or sell
its current house and upgrade or downgrade to a house of a different size
in the owner market. Formally

393
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‘735 = ax {‘/:5357‘/3};:‘/3?} :max{‘/},S57I735}, (12)

where V3 is the value associated with staying (remaining a homeowner
with hgs = hay).

In all other time periods, a homeowner is choosing between staying
or selling and becoming a renter and a renter must continue to rent:

7y = max {V%, V') 13)

for j = 25, 35.

2.6.2 The household’s problem

Let Sa5,1 = {225, 25, Pth} denote the state at j = 25 and let
St = {zj,7;,\j, h, P'} denote the state variables for j = 26, ..., 100.

The renter’s problem The problem of a household that chooses to rent
in period j is given by:

(" m)) .
VS = max S 8B [T a9

subject to (1)—(4), (10), and the budget and borrowing constraints

cj+aj+whj :I]‘, (15)
a]- Z 07 (16)

the law of motion for cash in hand

Tjy1 = ajR+ Yi+1, _] = 25, ceey J - 1, (17)

Notice that the renter does not choose house size, h;, on a grid. It chooses
total consumption expenditure, ¢; + wh;, and then splits this amount op-
timally in a static intratemporal problem. The parameter w is the rent per
square meter.
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The buyer’s problem The household that chooses to buy in period j =
25 or j = 35 maximizes:

(ct=0n0)1= ~
B(S) — Y %S L R, [ , }

ViZ(S) e T BE; |Vit1| (18)
where ‘7j+1 is the value function of a household that enters period j as
a homeowner, subject to (1)-(4), (7), (8), (10), (13) , and the budget con-
straints

citaj+((1=X)+ri"\j+ ¢+ dp) PPh=u; (19)
h; > h, (21)

where ¢ is a maintenance cost and ¢y, is a purchasing cost, and the law of
motion

Tjt1 = ajR+yj1. (22)

Equation (21) puts a constraint on the home buyer. If choosing to buy, the
household must buy a home which is at least h square meters.

Homeowner’s problem A household that enters a period as a home-
owner chooses tenure status in addition to non-durable consumption (c;)
and financial wealth (a;). Let Vjs be the value associated with staying
(remaining a homeowner with h; = h;_;):

(ct=0n0y1— ~
VI(Sie) = Icnaalef + BE; [Vj+1] ; (23)

subject to (1)—(4), (8), (10), (12), (12), (13), and the budget constraints

cj+a;+((r" +q( )N+ o) Prh =25, j=2,..,J, (24)
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and the laws of motion

Tj+1 zajR+yj+1, j :25,...,J— 1,. (26)

Technical note on forced sales and optimal sales Conditional on en-
tering period j as a homeowner the household may be forced to sell if
cash-in-hand is not sufficient to service housing cost, i.e. a;_1R + y; <
((r™ 4 q(.))A; + ¢) Pl'h;. In this case, cash-in-hand equals

zj=a;_1R+y;+ (1 — ¢s)P'h —min{1,\;} P/'h (27)

where ¢, is a sale cost. Notice thatif A; > 1 then the bank makes a loss on
the loan. The loss is equal to max{0, P/*h(\; — 1)}. After a forced sale the
household can choose to rent or (if feasible) buy a new house (adjusting
hj or Aj).

Conditional on an optimal sale, the household’s cash-in-hand is:

a5 = a;_1R+y; + (1 — ¢s)Plhj — \jP/'h;. (28)

2.7 Equilibrium definition
2.7.1 The market for owner-occupied housing

The price per square meter, P", clears the market for owner-occupied

housing:
100
H = Z /hg(zijwij,)\ij,hij7Ph)d7l+/hi325(zi25,$i25,Ph)di
j=26"" v

+ /hgs(%as, i35, P")di

where hg(.) solves the homeowner’s problem and h3;(.) and h;(.) the
homebuyer’s.

2.7.2 The market for rental housing

Rental housing is assumed to be under full rent control. The rent per
square meter is fixed whereas supply is completely elastic. That the rent
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per square meter is fixed implies that w P} is set exogenously in the cali-
bration.

3 Calibration

We calibrate the model partly according to standard parameter values
in the literature but also to the economic setting of Sweden in the early
2000s. We briefly describe how we set parameters that relate to the Swedish
setting and provide a summary of all parameter values in Table 1.

There is detailed wealth data on Swedish households for the period
2000-2007. To calibrate the model as well as possible, we use data from
this time period. In particular, two parameters are determined by simu-
lations of the model until the moments in the model are sufficiently close
to moments in the data. The discount factor, 3, is set to 0.960, which
matches the average ratio of liquid financial wealth to income between
25 and 64 years (0.782). The utility penalty associated with renting is set
so that 1 rented square meter is equal to 0.9375 owned square meters in
utility terms. This matches the homeownership rate over the life-cycle
(0.648). This process is equivalent to the one in Dahlquist, Setty and Vest-
man (2018) and Schlafmann, Setty and Vestman (2024) for determining
liquid assets to income and the stock market participation rate. Figure
1 shows life-cycle averages for income, the homeownership rate and for
financial wealth in the data and in model simulations.

Furthermore, we set the other parameter values for the labor income
process to match the early 2000s. The values are taken from Schlafmann,
Setty and Vestman (2024). We use the method of Rouwenhorst (1995), and
more precisely the code of Fella, Gallipoli and Pan (2019), to discretize the
state space for z;; into seven bins for each age group. Another feature of
the data is that those with highest incomes in their early 30s have SEK
100,000 more in net worth already at age 25. We match this feature of the
data in the calibration by making the mean of the distribution for initial
financial wealth (a) conditional on the initial state of permanent income
(225)-

To obtain a calibration which is consistent across the labor and hous-
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Table 1: Calibration—model parameters
Notation Value
Preferences and real rate
Discount factor* B8 0.960
Relative risk aversion ol 2
Preference for housing 0 0.25
Disutility of renting™ K 0.9375
Real rate r 0.02
Housing and mortgage markets
Purchase cost db 0.01
Sale cost s 0.02
Maintenance ¢ 1.00
Rent per square meter w SEK 575
Mortgage premium K™ 0.015
Down-payment requirement 0 0.100
Amortization requirement** q()) —
Price per square meter Pt SEK 11,500
Minimum house size in owner market (m?) h 32
Labor income and financial wealth
Labor-income profile*** gt —
Std, permanent idiosyncratic income shock oy 0.0713
Std, transitory idiosyncratic income shock o 0.101
Std, initial labor income 0. 0.366
Std, initial financial wealth oA 1.392
Mean, initial financial wealth**** ehatoi/2 168,292
Floor for income y SEK 48,000
Replacement rate in retirement A" 0.800

Note: The table presents the parameter values of the model. * The parameter value has
been determined endogenously by simulation of the model. ** See equation (29). ***

See the left-most panel in figure 1 for the profile. **** The two groups born with the
highest permanent income have a conditional mean which is higher by SEK 100,000.

ing markets, we match the housing market characteristics of the early
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Figure 1: Life-cycle averages for targeted variables
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Notes: The figure shows averages for the targeted variables in the baseline calibration. The
amortization function ¢(.) is defined as in (29) and § = 0.10.

2000s. Using the official price indices for single-family houses (Statistics
Sweden’s FASTPI index) and co-op apartments (HOX from Valueguard)
we approximate a country-average square meter price in 2004 of SEK
11,500. We use this value for P" to back out H, which corresponds to
an average of 111 square meters for each homeowning household. This
is close to the average in our micro data — 108 square meters. We use
H = 111 as target in our search for the equilibrium price under differ-
ent macroprudential reforms. We also look for a suitable value for h, the
smallest house size in the owner-occupied market. We find that only 1
percent of homeowning households own less than 32 square meters and
hence choose this value.

Finally, we set mortgage characteristics which is consistent with the
early 2000s as well. This was before stricter borrower-based macropru-
dential regulations came in to place. We set the minimum down-payment
requirement to § = 0.10 and define the amortization function ¢(.) to be a
function of the loan-to-value ratio with only moderate requirements for
amortization.” More specifically:

5We thank Viktor Thell at FI for discussing typical features of Swedish mortgage con-
tracts in the early 2000s.
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Figure 2: Unconditional life-cycle averages

Consumption (non-housing) Home size 1200
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200 00 /j/’,\/\ 1000
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Square meters
SEK 1,000

40 400
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Notes: The figure shows the unconditional means in the baseline calibration. Net worth is
defined as cash-in-hand plus home equity, z; + (1 — A;) - PRh;.

0.000 if A; € [0.00,0.50]
q(\) =< 0.005if A, € (0.50,0.75] (29)
0.010if A, € (0.75,0.90].

4 Results

In this section we present the economic mechanisms behind homeowner-
ship and borrowing, and then analyze the costs and benefits of borrower-
based regulations. The costs are measured as distortions to homeown-
ership, house size and consumption and the benefits are measured as
improvements in household resilience.

4.1 The evolution of consumption and wealth

Figure 2 shows averages over the life-cycle for non-housing consump-
tion, housing and net worth. On average, households only partly manage
to smooth consumption over the life-cycle. This is due to borrowing con-
straints. Further, they accumulate substantial net worth until retirement
which peaks at about 1.1 million SEK. Throughout, we define net worth
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Figure 3: Evolution of balance sheets over the life-cycle
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Notes: The figure shows the conditional means in the baseline calibration.

as cash-in-hand plus home equity: z; + (1 — \;) - P"h;.°

Figure 3 shows the evolution of households’ balance sheets over the
life-cycle. Homeowners accumulate less financial wealth but have more
net worth, since they tie a substantial amount of their wealth in home eq-
uity. By age 90 all households rent. The bottom panels show the average
loan-to-value ratio (LTV) and debt-to-income ratio (DTI) for homeown-
ers. LTVs ratios peak at 35 when most households buy. Homeowners
at 25 choose lower LTVs because they are richer and not all of them are
constrained by the down-payment requirement. At 35 a vast majority
switches from renting to owning which is why financial wealth of renters
drops to virtually zero. After 35, LTVs gradually decline. DTIs also re-
flect the positive selection of households into homeownership at age 25.
The U-shape during working life reflects that homeowners with posi-
tive income shocks may find it optimal to rent a bigger home whereas
homeowners with negative income shocks achieve maximum consump-

®Net worth thus includes this period’s income. While it is not the typical definition in
empirical analyses, defining it this way helps to understand the model mechanisms.
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tion smoothing by staying in their current home. LTVs and DTIs remain
fairly high also late in life as amortization rates are fairly low.

4.2 The economic mechanisms behind homeownership and
borrowing

Figure 4 shows the conditional distributions for renters and homeown-
ers at 25 and 35. They are helpful for understanding the decision to buy
versus to rent. Since homeownership comes at a utility premium, house-
holds have a natural desire to own their home. Furthermore, the cost per
square meter is in the baseline set to be equal between renting and own-
ing. Consequently, the decision to buy is largely determined by whether
it is possible to buy a home with suitable size (i.e., conditional on perma-
nent income) while satisfying borrowing limits. Whether this is possible
is in turn determined by the households’ net worth in proportion to per-
manent income.

The panels to the left display distributions at age 25. The average
net worth to income ratio for renters is 130 percent whereas it is 602 per-
cent for homeowners (recall that net worth includes this period’s income).
Thus, homeowners are heavily positively selected in terms of this ratio at
25. At age 35, the average net worth to income ratio for renters is 104 per-
cent and for homeowners 167 percent. At this point in the life-cycle, only
negatively selected households, in terms of this ratio, remains renters.”
Among the homeowners at 25, some are so rich that the downpayment
requirement does not bind — they buy a house at a loan-to-value ratio be-
low 1 — §. In contrast, almost all homeowners at 35 have the maximum
loan-to-value ratio. The debt-to-income ratio (DTI) is also different at the
two stages of the life-cycle. Homeowners at 25 have an average DTI of
448 percent and a maximum of 699 percent. Homeowners at 35 have an
average of 391 percent and a maximum of 474 percent. This reflects that
some homeowners at 25 are very wealthy whereas others achieve max-
imum consumption smoothing by borrowing a lot. The more concen-

"There is almost no overlap in the distributions. The richest renter has a ratio of 114 per-
cent and the poorest homeowner a ratio of 107 percent. The overlap is due to the transaction
costs associated with buying and selling houses.
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Figure 4: Conditional distributions at 25 and 35
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trated distribution for DTIs at 35 reflects that the typical household has
a more balanced ratio between net worth and permanent income. The
optimal DTT is therefore less dispersed, at around 400 percent.

4.3 Two measures of households’ resilience to shocks

One potential benefit of borrower-based macroprudential policies is that
they reduce households’ sensitivity to shocks so that their consumption
becomes more stable. So, macroprudential policies that make households
more resilient can reduce the risk that a shock to households leads to a
loss in aggregate demand that triggers an economic crisis. To measure
households’ resilience we introduce two metrics which we label M PCX
and M PC™ . They measure how households’ consumption (non-housing
consumption, to be precise) responds to temporary shocks.

The metric M PC* is the standard measure of marginal propensity to
consume with respect to a temporary income shock. The household has
a consumption function c¢;. (¢, zit, Tit, Ait, hit, Pth), so mathematically, this
measure is given by 9c;;/0x;. Typically, for a given household it has a
value between just above 0 () and 1. In the heterogeneous agent (HA)
macroeconomics literature this is a widely accepted measure of house-
holds’ vulnerability to income shocks. It is also well-known that the main
determinant of its magnitude at the level of the individual household is
access to buffers, either in the form of liquid assets or in the form of credit
lines. In a cross-country study, Kaplan, Violante and Weidner (2014) doc-
ument that the share of households that have no buffer varies between
20 and 30 percent across countries.® Such households are called hand-to-
mouth (HTM) households. In turn, one third of those households have
positive net worth and they are called wealthy HTM households. Kaplan
and Violante (2014) demonstrate that an economy’s M PC¥ increases in
the share of wealthy HTM households.’

Since Swedish households have predominantly adjustable rates in their
mortgage contracts (see, e.g., Flodén et al., 2021), an additional useful

8 Andersson and Vestman (2021) report that 45 percent of Swedish households had less
than SEK 100,000 in liquid financial wealth in 2012.
9See Kaplan and Violante (2018) for an overview of the literature.
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metric for Sweden is the marginal propensity to consume with respect to
a temporary shock to the mortgage premium, ™: dc;;/0x™. The source
of such a shock could be stress in the market for covered bonds. At the
outbreak of the pandemic, in March 2020, the risk premia on covered
bonds emitted by Swedish banks rose by 30-35 basis points.

For a household with an adjustable rate mortgage, a temporary shock
to the risk premium is equivalent to an expense shock. That is, it reduces
cash-in-hand. The reduction, in SEK, is proportional to the household’s
mortgage balance. For a shock of Ax™ basis points, the change to house-
hold i’s consumption is

aCit 8%

oK™ Oz

X Mg, (30)

where the first factor simply is M PC¥ and the second factor is the mort-
gage balance. The mortgage balance should in this context be thought
of as the part of the household’s mortgage which has an adjustable rate.
Intuitively, the higher the household’s mortgage balance, the more ex-
posed the household is to the risk premium. That is, the larger is the ex-
pense shock. The reaction to the expense shock is in turn determined by
MPC*. We label (30) as M PC*. Numerically, we approximate M PCM
as

h h h
cit(t, 2it, Tt — AR Ng Pl hig, Nit, hag, Py) — cit(t, 2it, Tit, Nie, hat, PrY)

MPCM ~
—Amm)\itPthhit

61
In our analysis, we thus assume that households have a mortgage port-
folio consisting entirely of adjustable rate mortgages. This is broadly con-
sistent with the Swedish setting where the aggregate share of mortgages
with just a 3-month interest fixation period has gradually increased to
over 60 percent in the last twenty years (Holmberg et al., 2015).10

4.4 A reform of the down-payment requirement

In a first exercise we analyze the effects of changing the minimum down-
payment requirement from 10 percent to 15 percent. We report the changes

10Tn July 2024, the value-weighted share of ARMs in the aggregate reached 69%.
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of the allocation of the owner-occupied housing stock and effects on house-
holds’ resilience to shocks. The analysis is based on a new stationary
equilibrium, disregarding the transition.

4.4.1 Main effects

Figure 5 shows how a stricter downpayment requirement changes house-
hold behavior. The top left panel displays the homeownership rate, which
decreases among households of age 35-60. The change is most drastic at
35, with a decrease from 96.2% to 92.6%. Late in life, after 60 years, and
also to a smaller extent early in life, between 25 and 34 years, the home-
ownership rate increases somewhat. The reason for the increase late in
life is that households accumulate more financial wealth which they can
run down after retirement. This enables old households to remain home-
owners for longer, before it is optimal to sell in order to consume out of
their home equity. While the increased downpayment requirement re-
duces the demand for owner-occupied housing for most age groups, the
increased demand early and late in life counteracts this effect. Because of
this, the house price falls only by 2.0%.

There are also consequences for consumption and savings. Because of
the greater downpayment requirement, households accumulate more fi-
nancial wealth before their home purchase (top middle panel). At 34, the
average household has SEK 91,000 before and SEK 121,000 after. After
their home purchase they continue to accumulate slightly more financial
wealth because the accumulation of home equity until retirement is some-
what lower (since many households buy smaller homes; bottom middle
panel). This is despite that loan-to-value ratios from 35 years and on-
wards are lower. Financial wealth peaks at an average of SEK 533,000
compared to SEK 516,000 before. Overall, the increased accumulation
of financial wealth and net worth (top right panel) has effects on the life-
cycle profile of non-housing consumption. There is an intertemporal shift
towards consumption later in life (bottom left panel).

The top panel of Table 2 summarizes some important changes. Before
the reform non-housing consumption increases by 47.7% between 25 and
47 years. After the reform the increase is 50.4%. Average square meters
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Figure 5: Reform of down-payment - life-cycle profiles
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Notes: The figure shows unconditional averages before and after a change in the down-
payment requirement. The yellow bars marks differences in percent.

among homeowners decreases from 111.7 to 110.0 because the housing
stock is shared among more older households.

4.4.2 Who is affected the most?

Which households are most affected by the reform? We investigate who
changes housing arrangement the most by looking into extensive mar-
gin effects, that is, switches from rentership to ownership and vice versa.
Figure 6 displays categories of households, depending on their exten-
sive margin housing choice (i.e., rent/own) before and after the reform.
The panels to the left refer to households that are 25 years. At 25, only
households with the very highest net worth to permanent income buy.
Most households have too little net worth relative to their permanent in-
come and hence choose to rent. As the house price falls, a small group
of wealthy households (1.6%) choose to switch from rentership to home-
ownership.
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Table 2: Effects of borrower-based measures
Stricter Cap on
down- debt-to
Baseline payment income

Distortions
House price 11,500 11,270 11,486
Homeownership rate 25-65 years 0.697 0.688 0.695
Homeownership rate 25-100 years 0.547 0.552 0.547
Consumption increase 25—>47 years 47.7% 50.4% 47.3%
Square meters, homeowners 111.7 110.0 111.7
Household resilience™
M PC*, all households 0.175 0.162 0.173
MPC*, homeowners 0.155 0.151 0.152
MPC¥, — 7" — ()™ 0.156 0.151 —
MPC¥, — " — 36-40 years (5)** 0.426 0.422 —
MPCX, — " — (T)** 0.154 — 0.152
MpCcM, — " — 0.138 0.137 0.136
MPCM, — 7 — (§)* 0.138 0.136 —
MPCM, — " — (T)** 0.136 — 0.136

The table presents averages under different macroprudential regimes, with changes rela-

tive to the baseline in percent in parenthesis. The second column refers to a down-payment

requirement of 15% (6 = 0.15). The third column refers to a maximum debt-to-income ra-
tio of 500% at origination of the mortgage (¥ = 5.00). M PC™X obtained by unexpectedly

increase cash-in-hand by SEK 1,000. M PCM is obtained by unexpectedly increasing the

mortgage premium (k") by 10 basis points. Increase in consumption from age 25 to 47
years (when labor income peaks). * All MPC measures are computed on households aged
25-65 years unless otherwise is stated. ** Refers to households that are homeowers both

before and reform. The symbols 6 and W refers to which reform that defines the sample of

homeowners.
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Figure 6: Reform of down-payment — housing decisions before and after

Age 25
400 -
)
8
S 300 L3
il ——
o 200
5 ——
£ —
S 100}  ammme
2 -
- Renter --> renter (83.9 %)
0
0 200 400 600 800 1000
Net worth, SEK 1,000s
Age 25
,
S
< 300
X e
& 200
@ OW 1EBEH 1@ B
£ - w0 .
g 100
£
0
0 200 400 600 800 1000
Net worth, SEK 1,000s
Age 25
» 400 Owner --> renter (0 %)
<]
<. 300
-
i
@ 200
[
£
g 100
£
0
0 200 400 600 800 1000
Net worth, SEK 1,000s
Age 25
1
8
< 300
N4
-
& 200
o ®
£
g 100 B
=
0
0 200 400 600 800 1000

Net worth, SEK 1,000s

Income, SEK 1,000s Income, SEK 1,000s Income, SEK 1,000s

Income, SEK 1,000s

600

400

200

600

400

200

600

400

200

Age 35

- Renter --> renter (3.9 %)

200 400 600 800 1000
Net worth, SEK 1,000s

Age 35 —
m——
—
-—
-—
-

- Owner —-> owner (90.9 %)

200 400 600 800 1000
Net worth, SEK 1,000s
Age 35

Owner --> renter (4.7 %)

200 400 600 800 1000
Net worth, SEK 1,000s
Age 35

Renter --> owner (0.5 %)

200 400 600 800 1000
Net worth, SEK 1,000s

Notes: The figure shows scatter plots of net worth and permanent income for households

categorized according to their extensive margin housing decisions before and after the re-
form. The households at 35 and the sample shares are based on the subset that do now own
in the beginning of the time period. Households’ state variables are before the reform.
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At age 35, 3.7% of households that would have bought before the
reform now choose to rent instead. This corresponds to a decrease in
the homeownership rate by 3.5 percentage points in that age category.
This group of households stands out in two ways relative to households
that buy also after the reform. They have lower net worth to perma-
nent income and they have lower permanent income in absolute terms,
too. Their net worth to permanent income is on average 1.20 compared
to 1.37 for those that buy in either regime. In terms of financial wealth,
the averages for the two groups are SEK 41,800 and SEK 101,500, respec-
tively. Notice that these numbers refer to the regime with the smaller
downpayment requirement (i.e., ‘before”’). The difference is starker in the
regime with the greater downpayment requirement because both groups
of households react to the new regulation. The households that buy
in both regimes now need to accumulate more financial wealth for the
down-payment. In contrast, the households that switch to renting fore-
see that early on and accumulate less financial wealth between age 25
and 35. After the reform the net worth to permanent income ratios are
1.08 and 1.52, respectively, and financial wealth is SEK 16,000 and SEK
143,000 for the two groups.

Among both 25- and 35-year-olds there is a small group of households
that switch from renting to owning (1.6% and 0.5%, respectively). They
have very high net worth relative to permanent income but were unable
to find a suitable home size prior to the reform. After the reform, they
take advantage of the price decrease.

4.4.3 Effects on household indebtedness

An intermediary aim for borrower-based macroprudential policies has
been to reduce household indebtedness. Figure 7 reports the effects on
three measures: mortgage principals, loan-to-value ratios, and debt-to-
income. There are noticeable reductions in all three measures. Average
mortgage debt among homeowners decreases from SEK 912,000 to SEK
852,000. That is, aggregate mortgage debt decreases by 6.6%. The aver-
age LTV decreases from 71.2 percent to 68.3 percent. The average DTI
decreases from 350 percent to 329 percent. However, household indebt-
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Figure 7: Reform of down-payment — effect on debt measures
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Notes: The figure shows cross-sectional distributions for debt (mortgage principals, LTVs,
and DTIs) among homeowners.

edness is at best only an intermediary aim for improving household re-
silience. Next, we turn to our preferred measures that are based on con-
sumption.

4.4.4 Effects on household resilience

Figure 8 reports the cross-sectional distributions of the MPC measures
and savings buffers for homeowners of age 25-65 years, before and af-
ter the reform. Savings buffers are in terms of financial wealth relative to
permanent income and multiplied by 12 to obtain months worth of buffer
(e, 12 (ai;/y};))."" The marginal propensity to consume out of tempo-
rary income shocks, M PC¥, is barely affected — the average for home-
owners shifts from 0.155 to 0.151 and the median value is unaffected:
0.052. The reason for the small change is that among households with
the highest M PC*X, which are the 35- to 40-year-olds, the liquid savings
buffer is lower or the same. Likewise, households interest rate sensitivity,
MPCM is unaffected at an average of 0.137 and median of 0.049.
Overall, these changes of the MPC measures are too small to be eco-
nomically meaningful. The main reason for the miniscule effects is that

'We restrict the sample to working age households to avoid effects of a short time hori-
Zon.
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Figure 8: Reform of down-payment — savings buffers and MPCs
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Notes: The left panel shows the cross-sectional distribution of M PCX and the middle one
MPCM  The right panel shows the cross-sectional distribution of financial wealth divided
by permanent income (multiplied by 12). Sample restricted to homeowners age 25-65 years
in all panels.

savings buffers do not change much. The average savings buffers in-
creases slightly, from 10.2 months of income in financial savings to 10.6
months (median buffers: 6.9 months to 7.4 months).

The second panel of Table 2 reports additional MPC statistics to sepa-
rate the effect of the reform from the effect of selection in and out of the
market for owned housing. Among all the households—that is, includ-
ing renters—there is a reduction in M PCX from 0.175 to 0.162. This is
coming predominantly from young renters, aged 25 to 34, that save for
their downpayment. Focusing on the sample that are homeowners both
before and after does not affect the MPC calculations by much. We thus
conclude that the effects are due to changes in behavior among home-
owners rather than due to selection effects.

4.4.5 Welfare calculations

Another way to identify winners and losers is to compute the certainty
equivalent consumption associated with either macroprudential policy
regime and then compute the percentage increase in consumption re-
quired before the reform to make household i indifferent between that
regime and the regime after the reform. This measure is called consump-
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Table 3: Welfare effects by net worth to permanent income

Q1 Q2 Q3 Q4

Net worth to permanent income  1.0326 1.1548 1.4400  4.3304
Consumption equivalent —0.0253 —0.0255 —0.0199 0.2209

The table presents averages by quartiles of net worth to permanent income. Net
worth is defined as cash-in-hand plus home equity. The consumption equivivalent
is computed according to equation (32).

tion equivalent. For the preferences stipulated by (5), it can be computed
as

1/ Before
Vizs

‘7_A£ter =
ce; = 100 - <2> -1, (32)

where the values are obtained from equation (11). Thatis, a positive value
for ce; is the same as winning from the reform.

Table 3 reports this metric for households sorted into quartiles with re-
spect to net worth to permanent income at 25. The bottom three quartiles
are all losers from the reform, even though the losses are modest at about
0.02% of consumption. The gains in the richest quartile are greater, at
about 0.22% of consumption. A closer inspection of the full distribution
tells that 78% of households lose from a stricter downpayment require-
ment.

4.5 A cap on the debt-to-income ratio

To complement downpayment requirements, countries have also intro-
duced a maximum level for debt-to-income. Such a cap can either en-
compass only mortgages or mortgages plus other debts (such as auto
loans and uncollaterized consumer debt). To implement such a cap in
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our model, we modify the constraint (7) in the home buyer’s problem to

A <mind (1), Y
; <min < (1-9), iy (0 (33)
ij

where U is the cap on the DTI at the time of purchase. We set ¥ = 5 (i.e.,
a cap of 500%). Since our model only has mortgage debt it corresponds to
a higher cap in a setting which offers additional forms of debt contracts.

4.5.1 Main effects

Overall, the effects of a cap on DTT at 500% has smaller effects than chang-
ing the downpayment requirement. The reason is that this constraint
does not bind at all among home buyers at age 35 and only for some
home buyers at 25 (see Figure 4, bottom panels). To be precise, before
the introduction of the cap, 14.5% of all 25-year-old households buy and
58.4% of them choose a DTI which is greater than 500% (i.e., 8.5% of all
25-year-olds). However, this group of households remain constrained for
at most 10 years because at 35 no household wishes to have a DTI greater
than 500%. Hence the aggregate effects are small. The first panel of Ta-
ble 2 reports the main effects. House prices fall by only 0.12%, and the
homeownership rate remains unchanged. On average, consumption in-
creases by no more than in the baseline between age 25 and 47 and the
average number of square meters among homeowners remains virtually
the same.

Figure 9 shows small effects also on life-cycle profiles. The homeown-
ership rate is not much distorted and the average savings and consump-
tion profiles are visually unaffected. Consequently, the welfare conse-
quences are tiny — in each quartile of net worth to permanent income the
effect is smaller than +/— 0.02%.

4.5.2 Effects on household indebtedness

Figure 10 shows small effects on the debt measures. Mortgage principals
among homeowners is merely reduced from SEK 912,000 to SEK 910,000.
LTVs are reduced from 71.2 percent to 71.1 percent and DTIs from 350
to 348 percent. These changes are very small compared to the changes
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Figure 9: Introducing a cap on DTIs - life-cycle profiles
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associated with the reform of the downpayment requirement. Again, our
conclusion is that a DTI cap at 500 percent (a mortgage to income cap, to
be precise) is essentially not binding.

4.5.3 Household resilience

For completeness, we also report effects on M PCX, MPCM and sav-
ings buffers for homeowners in Figure 11. The average M PCX changes
from 0.155 to 0.152 and the average M PC™ from 0.138 to 0.136. Savings
buffers are unaffected, at an average of 10.2 months worth of income.

The second panel of Table 2 reports effects on household resilience.
Households decrease their sensitivity to income shocks somewhat. Among
the group of households that own in both economic settings, there is a
minor reduction in M PC¥X from 0.154 to 0.152. There is little added re-
silience with respect to mortgage interest shocks. The M PC™ for home-
owners decreases from 0.138 to 0.136, only. This is natural given that the
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Figure 10: Introducing a cap on DTIs — effect on debt measures
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Notes: The figure shows cross-sectional distributions for debt (mortgage principals), LTVs,
and DTIs.

DTI cap binds for few households. For the group of households that own
in either setting there is no reduction at all.

5 Concluding remarks

This paper builds a life-cycle model to study so-called borrower-based
macroprudential regulations that target households” mortgages. We use
the model to study distortions in the owner-occupied market and in non-
housing consumption and their associated welfare consequences. We
also study the effects on household resilience in terms of marginal propen-
sity to consume in response to a temporary income shock or a temporary
shock to the mortgage interest rate. We study two changes in regulations.
First, we find that after imposing a stricter downpayment requirement
(from 10% to 15%) more than three quarters of the households lose while
the improvements in household resilience are limited. Second, we find
that a debt-to-income cap at 500% has small effects because it is only bind-
ing for a small share of 25-year-olds. The analysis is based on a model that
has many important building blocks but nevertheless is simplified.
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Figure 11: Introducing a cap on DTIs — savings buffers and MPCs
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M PCM . The right panel shows the cross-sectional distribution of financial wealth divided
by permanent income (multiplied by 12). Sample restricted to homeowners age 25-65 years

in all panels.
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