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Abstract 

Housing shortage and urbanization have led to higher housing prices and larger 
household debt. In order to control the growth of debts, Sweden's financial 
supervisory authority has introduced several borrower-based macroprudential 
tools in the last ten years. In 2010, a mortgage loan to value (LTV) ratio was 
introduced, and in 2016, amortization of 1 percent of the loan balance was 
mandated by the law if the mortgage was higher than 50 percent of the value of 
the property. Furthermore, in 2018, the amortization requirement was tightened 
as all households with a mortgage larger than 4.5 times the annual income was 
forced to amortize 1 percent of the loan balance. The question is whether the 
financial supervisory authority's use of macroprudential tools had the intended 
effect. We are combining a hedonic regression modeling approach with a 
regression discontinuity design in order to estimate the causal impact on house 
prices. The effect of the macroprudential tools is estimated on the single-family 
housing market as well as on the cooperative apartment market. We are using 
microdata of 1 million housing transactions over the period 2008 and 2019. Our 
estimates indicate that the amortization requirement in 2016 has a negative impact 
of around 7 percent on the Swedish housing market and a slightly lower impact 
of the 2018 amortization requirement. The 2010 LTV-ratio requirement did not 
have any impact on the prices of dwellings. 
 

Keywords: Macroprudential, house prices, regression discontinuity 
design 
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1. Introduction 

Since 2000, household debt to disposable income has increased from 100 percent to almost 200 percent 

in 2019. Fundamental factors such as income growth, low cost of capital, long mortgage maturity, and 

reduction in income taxes, as well as property tax, are the main forces behind the increasing housing 

prices and household debts (Burgert et al., 2016). Household debt growth has made households 

vulnerable and extremely interest-sensitive. In a recession, households may be forced to reduce their 

consumption, which would further dampen the crisis. Crowe et al. (2011) show empirically that 

countries with a high household indebtedness are more inclined to have deeper economic recessions and 

weaker recoveries.  

As a result, a series of measures have been introduced since 2010 by Sweden’s financial supervisory 

authority (Finansinspektionen) in an attempt to reduce the interest rate sensitivity for households and 

increase overall financial stability. This macro-prudence has meant, among other things, higher capital 

requirements for the banks and mortgage ceilings and amortization requirements on consumers. In 2010, 

a regulatory framework was introduced stating that household home loans should not exceed 85 percent 

of the value of the home, that is, a loan‐to‐value (LTV) policy. In 2016, an amortization requirement 

was introduced on the part of mortgage loans that exceeded 50 percent of the value of the home. The 

repayment requirement amounts to 1 percent of the loan each year. In 2018, this amortization 

requirement was strengthened by households having a mortgage loan exceeding 450 percent of a 

household’s gross income to repay an additional 1 percent of the mortgage loan each year, that is, a 

loan‐to‐income policy. Sweden’s financial supervisory authority assesses that these measures have 

reduced debt and housing price levels by a total of approximately 14 percent and 5 percent, respectively 

(Andersson et al., 2018), for financially restricted households. Internationally, an increasing number of 

studies support that household-based restrictions, such as loan-to-value or loan-to-income, can be useful 

(see Hartman, 2015). 

The overall purpose of the following analysis is to analyze whether the financial supervisory authority’s 

use of three macro-prudential measures has had any effects on the Swedish housing market. The 

evaluation will be carried out on asset prices in the housing market and not on the housing loan stock. 

The objectives of the analysis are also to analyze the effects on different housing sub-markets. Here, we 

will investigate whether the results differ between metropolitan regions and small and medium-sized 

regions. Moreover, we analyze whether the effects of the macroprudential measures have been more 

prominent in the newly produced housing stock and in the co-operative apartment segment compared to 

the single-family housing segment. 

The primary hypothesis based on empirical findings is that macroprudential measures have had the 

intended effect. That is to say, the housing market has been dampened, and housing prices have been 

negatively affected. Moreover, we hypothesize that the effects have been more significant in housing 
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markets where the price level is higher and in the smaller dwellings housing segment and that the impacts 

have been higher in segments of newly produced dwellings. Likewise, we hypothesize that the impact 

is more significant in the co-operative apartment segment compared to the single-family housing 

segment. 

The main contributions are: 

• we evaluate three different macroprudential policies over ten years using more than 1 million 

transactions on the housing market 

• we use an evaluation methodology that has not been used in this context before where the 

objective is to measure the causal impact of policies on housing prices, and 

• we measure the effect on prices in different housing submarket segments. 

The structure of the paper is as follows: in the next section, we will review related literature to investigate 

the impact of macroprudential regulations. In Section 3, we will examine the use of macroprudential 

tools in Sweden during the period 2010–2018. Section 4 presents the theoretical framework. Section 5 

evaluates the design that is presented, namely the regression discontinuity design, and Section 6 shows 

the data that were used. Section 7 presents the empirical analysis, and in the final section, some 

conclusions are drawn. 

2. A Brief Literature Review  

Lending to the general public has increased in society, but there has also been a shift from public to 

private borrowing in many countries. Consequently, society has tried to regulate the market to reduce 

the risks that are posed by increased borrowing. In today’s low-interest-rate environment, it has become 

essential to reduce interest rate sensitivity and financial stability. One way in which this has been 

achieved is through the introduction of so-called macroprudential regulations. In 2011, the Financial 

Stability Board (FSB), the International Monetary Fund (IMF), and the Bank for International 

Settlements (BIS) defined macroprudential policy as  

“a policy that uses primarily prudential tools to limit systemic or system-wide 

financial risk, thereby limiting the incidence of disruptions in the provision of key 

financial services that can have serious consequences for the real economy.”1 

In a 2018 article, Galati and Moessner (2018) review what we know about the effects of macroprudential 

policy. They conclude that we know relatively little about the impact of macroprudential policies but 

that more and more studies are being published in the field. Several studies attempt to incorporate 

                                                           
1Financial Stability Board, International Monetary Fund, Bank for International Settlements (2011) 
“Macroprudential policy tools and frameworks. Update to G20 Finance Ministers and Central Bank Governors”, 
February. 
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macroprudential measures into theoretical models, and there are a larger number of studies that 

empirically analyze the tools used to reduce the risks of increased debt. These studies usually examine 

the effects on credit volume and asset prices. Earlier literature reviews are, for example, Kahou and 

Lehar (2017) and Hartman (2015). 

The objective of macroprudential supervision is to increase the stability of the financial system but 

where the macroeconomic costs are as small as possible. In the literature, two types of measures (so-

called macroprudential supervision) are discussed (e.g., Galati and Moessner, 2018, and Claessens et 

al., 2013, and Cerutti et al., 2015): (1) those drawing on banks (lender-based instruments) and (2) those 

directly targeting consumers or borrowers (borrower-based instruments). Those targeting borrowers are 

partly geared to the size of the loan to the value of the home (loan-to-value ratio) and partly to the 

household’s income (debt-to-income ratio). Cerutti et al. (2015) have found that loan-to-value ratios 

have been used relatively more often in more developed economies. Later, Cerutti et al. (2017), by 

analyzing 119 countries over the period between 2000 to 2013, show that macroprudential policies are 

used more frequently in emerging countries, but that in more developed countries, more borrower-based 

approaches are used. They also note that these seem to be associated with lower credit growth.  

However, the effects of macroprudential policies are less frequent in more advanced countries with an 

open economy. Recently, Akinci and Olmstead-Rumsey’s (2018) study shows that macroprudential 

policies have been used significantly more often after the great financial crisis in 2008, both in advanced 

and developing countries. Above all, its actions have focused more and more on the housing sector. 

They also show that the measures have often been linked to monetary measures and measures that have 

focused on banks’ capital requirements.  

Evaluations of different macroprudential tools have more often been done with theory-based approaches 

and empirical cross-country studies. Gelati and Moessner (2018) divide theory-based methods into 

banking/finance models, three-period general equilibrium models, and infinite-horizon macroeconomic 

models with financial factors such as the dynamic stochastic general equilibrium (DSGE) models. For 

example, by using a dynamic stochastic general-equilibrium model, Alpanda and Zubairy (2017) 

conclude that reducing the tax-deductibility of mortgage interest and tightening loan-to-value (LTV) are 

the most effective and least costly measures for reducing household indebtedness, as compared to 

increasing property tax or monetary tightening. They also find that the social optimal loan-to-value ratio 

is as low as 66 percent; that is, substantially lower than in many countries. 

In this study, we will use a more empirical approach when evaluating macroprudential measures. The 

methods that have traditionally been used are countries comparison using cross-country panel regression 

(Claessens et al., 2013) and microdata from banks’ balance sheets or event studies (Kuttner and Shim, 

2016). A number of problems related to empirical methods exist, like with endogeneity, being able to 

separate macroprudential measures with other types of policies that may at the same time be used by 
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other players in the market, and being able to control for global and local factors (Gelati and Moessner, 

2015). One problem is that at the same time as implementing macroprudential supervision, other 

monetary policies, such as interest rate policies, have been used. A further problem has been that the 

measures have only been used in a relatively short period. Hence, relatively few observations can be 

used for analysis. Gelati and Moessner (2015) argue that the latter two problems are more severe in 

using microdata and in event studies. 

Claessens et al. (2013) analysis the balance sheet of 2,800 banks in 48 different countries over the period 

2000-2010. They conclude that borrower-based approaches are useful as they limit credit growth. 

Vandenbussche et al. (2015) analyzed the effects of lender-based macroprudential measures on housing 

prices in 16 countries in southern and eastern Europe. Measures such as minimum capital adequacy 

ratio, a maximum ratio of lending to households to share capital, and marginal reserve requirements on 

foreign funding all seem to limit housing price developments effectively. In an analysis of 56 countries 

over the period 1980–2012, Kuttner and Shim (2016) show that borrower-based approaches such as 

debt-service-to-income and loan-to-value ratio have an impact on credit growth but have only limited 

effects on housing price appreciation. Instead, taxes relating to housing have the most statistically 

significant negative impact on prices. 

Bruno et al. (2017) analyzed macroprudential measures by analyzing 12 countries in the Asian-Pacific 

region over the period 2004–2013. By creating interaction variables between macroprudential and 

monetary policy rules, they were able to separate the effect. They conclude that macroprudential 

regulations have been more successful when it has been used as a complement to monetary policies. 

Recently, Akinci and Olmstead-Rumsey (2018) analyzed a cross-country panel of 57 countries over the 

period 2000–2013. To overcome endogeneity problems, they used a GMM (general method of 

moments) approach. The results of their analysis show that macroprudential measures harm both 

mortgage growth and housing price appreciation. Measures aiming at reducing asset prices have been 

effective, especially in countries where bank finance is more important in connection with home 

purchases. 

Like many previous studies, Carreras et al. (2018) analyze a panel of 19 OECD countries over the period 

2000 and 2015. However, their VECM (vector error correction model) includes long-term co-integration 

effects, which have not been used before. Their results show that macroprudential tools affect asset 

prices and credit volumes in both the short and long term. They also believe that this applies in particular 

to measures such as lender-based approaches such as taxes on financial institutions and capital 

requirements of banks, but also borrower-based approaches such as strict loan-to-value ratios and debt-

to-income ratio limits. Moreover, they conclude that if the co-integration of a VAR (vector 

autoregressive) model is not considered, there is a risk that the effect of the macroprudential measures 

will be overestimated. 
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Hui et al. (2017) analyze the housing market in Hong Kong during the period 2000–2013. By estimating 

an ECM (error correction model), they obtain both the short-term and the long-term correlation between 

housing prices and macroprudential. In their case, it refers to the LTV ratio and stamp duty tax. They 

conclude that a tightening of the LTV ratio has not harmed house price developments. By contrast, 

stamp duty tax liability harms, above all, large apartments than small ones by directly affecting the 

volume of transactions. 

A recent article by Røed Larsen (2018) analyzed the connection between the monetary policy and the 

housing market in the case of Norway. Its empirical analysis approach resembles the approach used 

here. It has a rich dataset of housing transactions over the 2007–2010 period. Instead of using the data 

directly, it estimated a weekly housing price index using the hedonic price model with time dummies, 

and then it applied an event study approach (the regression discontinuity design) on that index. The 

event of interest is the great financial crisis of 2008, and the research question was to investigate if the 

monetary policy could revive the housing market. It concluded that there was a house price index turn 

immediately after the monetary policy. 

Hartman (2015) concluded that there is a regional component explaining the dynamics of housing prices, 

and therefore macroprudential policies may have a different impact in different regions. Hence, we 

hypothesize that investigated macroprudential policies have different impacts on different segments of 

the housing market. 

3. Macroprudential Regulations in the Swedish context  

On October 1, 2010, the Swedish financial supervisory authority introduced a mortgage ceiling, which 

meant that new loans with housing as collateral should not exceed 85 percent of the value of the home. 

Aside from Sweden, several countries have introduced a similar regulation. For example, our 

neighboring Nordic countries have a mortgage loan-to-value ratio on new loans corresponding to 95 

percent of the housing value in Denmark and Finland and a 60 percent loan-to-value ratio in Norway. 

However, the effects of the regulation have not been analyzed to a greater extent. An assessment by the 

Swedish financial supervisory authority (Andersson et al., 2018) finds that those who are restricted by 

the mortgage ceiling have borrowed about 13 percent less, and they bought housing that was about 10 

percent cheaper than they would otherwise have done. 

Furthermore, the analysis shows that it is mainly outside the metropolitan regions that the mortgage 

ceiling has affected the housing and mortgage market. People and households younger than 30 are the 

ones who have changed their behavior the most. They borrow considerably less, but they have not 

necessarily bought cheaper dwellings. This indicates that they have financed their home purchases with 

other funds than home loans alone. 
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On June 1, 2016, the Swedish financial supervisory authority introduced a repayment requirement. 

Households with mortgages in excess of 50 percent of the value of the home must repay at least 1 percent 

of the loan each year. If the loan exceeds 70 percent of the value of the house, the repayment requirement 

increases to 2 percent. The amortization rules apply to those who take out new loans. Burgert et al. 

(2016) analyzed, among other things, the impact of a tighter mortgage amortization requirement on the 

Swedish market. Their results indicate that this could significantly reduce household indebtedness 

without any severe effects on, for example, housing prices or housing investments. However, the 

Swedish financial supervisory authority’s analysis shows that the amortization requirement has led 

households to buy cheaper housing and borrow less. The results indicate that the regulation meant that 

households bought houses that were, on average, just over 2 percent cheaper compared to before the 

introduction of the amortization requirement.  

On March 1, 2018, the amortization requirements were tightened to apply also to households with 

housing loans more than 450 percent of the household’s gross income. If so, the household needs to 

repay an additional 1 percent of the loan. Together with previous repayment requirements, households 

with housing loans can exceed 70 percent of the value of the home, and more than 450 percent of the 

income may repay 3 percent of the loan per year. The Swedish financial supervisory authority’s 

expectation of the tightening of the amortization requirement is to reduce households’ mortgage loans 

by 4 percent. Moreover, the expectation is that households buy housing that is, on average, 1.5 percent 

cheaper. 

4. Theoretical framework 

The underlying reason why we believe that borrower-based macroprudential approaches should have an 

impact on house prices is that the user cost partly drives house prices and that financial restriction has 

an impact on, for example, tenure choice (e.g., Enström-Öst et al., 2017). In the user cost concept, the 

loan-to-value ratio (LTV) is directly included; that is, how much that can be borrowed does have an 

impact on how much households are willing to pay depending on the interest rate for borrowing and 

equity. A simple user cost (UC) model can be seen as 

𝑈𝑈𝑈𝑈 = [(𝑖𝑖𝐵𝐵 ∗ 𝐿𝐿𝐿𝐿𝐿𝐿) + (𝑖𝑖𝐸𝐸 ∗ (1 − 𝐿𝐿𝐿𝐿𝐿𝐿) + 𝐿𝐿𝑇𝑇 + 𝑂𝑂𝑈𝑈 − 𝑈𝑈𝐶𝐶)]𝐿𝐿  (1) 

where iB is the interest rate of borrowed money, and iE is the interest rate of equity. LTV is the loan to 

value ratio; TX is property tax; OC is the operating cost; CG is capital gain. V is the value of the home. 

If property taxes and operating costs increases, the user cost will be higher; therefore, we can expect 

lower home values. If LTV is equal to 1, the mortgage interest rate is the only interest rate that has an 

impact on home values. Furthermore, if LTV is reduced, the household needs to use equity or take loans 

with collateral. If the interest rate of borrowed money and equity is equal, a change in the LTV 
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requirement will have no impact on user cost. On the other hand, if the interest rate of borrowed capital 

is lower than the value of equity, an increase of the LVT requirement will increase the user costs.  

Amortization is not directly included in the user cost since amortization is not a cost; it is mortgage 

payment that can be regarded as savings. However, if the government forces households to 

save/amortize in order to borrow, they can borrow less if consumption is constant. Given the household 

income restriction, they are maximizing utility. Here, we are assuming that the household’s utility comes 

from the consumption of housing or other acquisitions (i.e., housing is a consumer good, and not an 

investment). They maximize their utility subject to their budget constraint, where income can be used 

on consumption or saving. The simple budget constraint can be defined as: 

𝐼𝐼 = 𝑆𝑆 + 𝑃𝑃𝑧𝑧 ∗ 𝑍𝑍 + 𝐿𝐿     (2 

where I is equal to income, S is equal to saving, Pz is the price on all other consumption of goods Z, and 

V is the value of houses, which can be defined by the inverse of user cost from equation 1. Savings can 

be divided into principal payments and investments. If households are required to pay more in principal 

payments, then their budget constraints will be restrained, and less can be spent on housing if all other 

consumption and investments/savings remain constant. 

5. Evaluation method 

We use a regression discontinuity design (RDD) to evaluate the impact of the macroprudential policies 

on housing prices. We use RDD so that we can control the problems that are discussed in, among others, 

Gelati and Moessner (2015), such as the endogeneity problem. Furthermore, with RDD, we can separate 

macroprudential measures from other types of policies that might, at the same time, be used by other 

actors in the market, such as the central bank. Finally, we use RDD to control for global and local factors. 

The method is commonly used in social science and is becoming more and more popular in economics. 

The method was first introduced in Thistlewaite and Campbell (1960). Many articles focusing on both 

methods and empirical analyses have been published since then. Lee and Lemieux (2010) provide a 

useful introduction and guide for how empirical researchers can use the RDD. 

The method has not been frequently used in financial literature. Some exceptions are Røed Larsen 

(2018), mentioned earlier, and Perez-Reyna and Villamizar-Villegas (2019). The latter article uses the 

method in order to analyze the effects of financial regulations on the exchange rate. Their results indicate 

that banking constraints on the exchange rate are short-lived and that they are only statistically 

significant when the regulation binds. Moreover, the effect seems to be higher during foreign exchange 

interventions. 

Like classical regression analysis, RDD is based on observational data, i.e., non-experimental data. The 

difference is that RDD is considered as one of the methods that identify the parameters most effectively. 

It allows us, at least locally, to interpret treatment effects as causal effects. What makes this possible is 
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that the observations can be based on an objective measure if an observation has been given a treatment 

or not. One primary assumption is that there is a sharp cut-off level. If the person is below this cut-off, 

such as age or school grades, the person does not get treatment (belong to the control group). 

On the other hand, if the person is above this cutoff, they get treatment (belong to the treatment group). 

Around this cutoff, many observations are mostly very similar. The only difference is that some have 

received treatment, and that allows one to evaluate the effect of an action. Parting the data above and 

below the cutoff is measured in what is usually called the running variable or the score variable. In 

principle, one can resemble RDD as a weighted regression analysis where the weights are higher near 

the cutoff value and lower farther away from the cutoff value. What we analyze is whether there is a 

statistically significant discontinuity at the cutoff. If so, it is interpreted as if there is a causal effect of 

the treatment.  

Recurring statistical research questions have been about the specification of the functional form before 

and after the treatment and bandwidth around the cutoff. The functional form is of the highest importance 

if a global parametric strategy is used, and the bandwidth is of greatest importance if a non-parametric 

local strategy is used. Also discussed in the literature is if one needs and how to include additional 

independent variables in the specification (Calonico et al., 2018). Here we are using a local regression 

non-parametric approach with co-variates. 

A local linear regression model can be specified as: 

𝑌𝑌𝑖𝑖 = 𝛼𝛼 + 𝛽𝛽0 ∗ 𝐿𝐿𝑖𝑖 + 𝛽𝛽1∗𝑟𝑟𝑖𝑖 + 𝛽𝛽2 ∗ 𝑟𝑟𝑖𝑖 ∗ 𝐿𝐿𝑖𝑖 + 𝛽𝛽3 ∗ 𝑇𝑇𝑖𝑖 + 𝜀𝜀𝑖𝑖   (2) 

Where Y is the outcome variable, and T is equal to one if i observation is assigned treatment and zero 

otherwise. The variable r is equal to the running variable for observation i, and the variable is centered 

around the cut-off value. The vector X is additional co-variates included in the model. It is assumed that 

the random variable ε is IID. As the functional form is given, the procedure is to select the bandwidth 

and estimation method. Here we are following the procedure laid out in Calonico et al. (2014a) 

concerning robust and bias-corrected RD estimates; see Calonico et al. (2014b) concerning bandwidth 

selection, and Calonico et al. (2017) for the inclusion of covariates. 

By including co-variates, we are estimating a hedonic RDD model. Hedonic models are used in many 

applications, but maybe it is most frequently used in housing economics. Here, housing prices are 

explained by several apartment attributes and housing attributes, as well as neighborhood characteristics 

(Wilhelmsson, 2000). 

Like Auffhammar and Kellogg (2011), we use RDD with time as a running variable. In their study, they 

analyze air quality when regulating the gasoline content. Andersson (2014), Bento et al. (2014), and 

Burger et al. (2014) are other examples where they use time has as the running variable. Since treatment 

takes place at a particular time, our cut-off value is the current date of the policy action. A recent study 
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using housing market data and time as the running variable is done by Røed Larsen (2018). However, 

they use the house price index as a unit of analysis and not the individual transactions as we do in the 

present analysis. 

Our running variable value will be equal to zero at the cut-off. To the left of the cut-off, we have our 

control group, and to the right of the cut-off, we have our treatment group. The running variable will 

count days away from the cut-off value, so a transaction that takes place one month before the 

introduction of a macroprudential policy has a value of roughly 30, and a transaction that takes place 

one month after the policy introduction has roughly the same value. 

There are some underlying assumptions for RD for internal validity, which are discussed in, for example, 

Imbens and Lemieux (2008) and Jacob et al. (2012). They are that the running variable cannot be 

affected or caused by the treatment (the macroprudential measure). A second requirement is that the cut-

off point is entirely independent of the running variable (exogenously given). That is, whether an 

observation has a treatment depends entirely on where the observation is relative to the cut-off value. In 

our case, it means that the date of implementation of the macroprudential policy is exogenously 

determined. Hence, whether the transaction has received treatment or not depends on whether the 

dwelling has been sold before or after the cut-off date. Another assumption is about whether it at the 

same time (same cut-off) has taken other actions for covariates, and whether it is possible to manipulate 

if one is on one side or the other of the cut-off. Additional requirements are that it is only the treatment 

status that is discontinuous, which means that there must be no other measures that were implemented 

on the same date. Finally, it is assumed that the functional form between the running variable and the 

outcome variable (this dwelling price) can be represented by a function that is continuous in the absence 

of the treatment. 

Three specification tests are discussed in Imbens and Lemieux’s study (2008). The first test is that the 

independent variables should exhibit continuity at cutoff. If one finds such discontinuity, it speaks 

strongly against the assumptions of the RDD. The second specification test refers to whether or not there 

is a discontinuity in the density that was originally suggested by McCrary (2007). Finding such 

discontinuity is not conclusive evidence against the assumptions of the RDD, but it indicates that it is 

necessary to extend the analysis. The third test tests whether there is a discontinuity at other points of 

the running variable, i.e., where there should be no jump (the so-called placebo effect). Imbens and 

Lemieux recommend testing an alternative cut-off value that is equal to the median between cutoff and 

bandwidth length before and after treatment. In addition to the specification tests, we also perform a 

robustness test. Here, we test the choice of bandwidth. The robustness test uses 0.5 and 2.0 as the optimal 

bandwidths. 
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6. Data and Empirical Analysis 

We are going to test the hypothesis that macroprudential policies affect housing prices through the 

change in housing user costs. If it becomes more expensive to buy housing, we expect that it will affect 

the willingness to pay for housing. Here, we utilize individual housing transactions as units of analysis. 

We will first describe the data utilized and give a graphical illustration of the discontinuity around the 

policy events. Finally, we are analyzing the data using an estimation of a hedonic RDD approach in 

order to test whether the macroprudential policies introduced in Sweden have had any effect statistically 

on the Swedish housing market. We also analyze if the impact has been smaller or larger in different 

housing market segments besides dwellings in multi-family houses and single-family houses. Here we 

are analyzing housing market segments in the three metropolitan regions where we can observe higher 

house prices, in the newly constructed dwellings segment, and the larger dwellings segment. Finally, we 

are performing specification discontinuity tests of the co-variates, density, and we test if there is any 

discontinuity where it is not expected (placebo effect), that is, before and after the cut-off. 

Data and descriptive statistics 

We are using micro-data on the transaction of single-family houses and co-operative apartments in 

Sweden over the period 2008 to 2019. The data is from Mäklarstatistik AB. It is an association of brokers 

that covers about 80 percent of all brokered properties. Table 1 shows the descriptive statistics shown. 

In panel A, the co-operative apartment data is presented, and the data of the single-family house is 

presented in panel B. The data is grouped into three parts; the first part is the period before policy 1 

(2008-2010), the second part is between policies 1 and 2 (2010-2016), while the third part is after policy 

2 (2016-2019). 
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Table 1. Descriptive statistics. 

   PANEL A     
  2008-2010  2011-2015  2016-2019  
  Average Std.Dev. Average Std.Dev. Average Std.Dev. 
Outcome variable        
 Housing price 1,487,201 1,249,165 1,924,525 1,520,583 2,469,025 1,694,371 
        
Covariates        
 Living area 69.65 25.31 68.91 24.52 68.62 24.62 
 Rooms 2.56 1.05 2.57 1.04 2.59 1.05 
 Age 46.34 29.98 48.66 31.34 47.12 33.09 
 Monthly fee 3558,27 1388.51 3692.51 1344.69 3760.74 1400.26 
Number of observations  107,057  388,976  183,660  
   PANEL B     
  2008-2010  2011-2015  2016-2019  
  Average Std.Dev. Average Std.Dev. Average Std.Dev. 
Outcome variable        
 Housing price 1,923,655 1,424,528 2,198,477 1,696,407 2,812,466 2,109,065 
        
Covariates        
 Living area 115.96 38.65 117.04 39.31 116.79 39.96 
 Rooms 4.71 1.36 4.76 1.37 4.76 1.39 
 Plot size 3982.98 69805.9 3647.30 158829 2826.95 23432.8 
 Age 50.06 31.65 52.27 31.64 55.48 32.98 
Number of observations  83,728  273,581  110,657  

 

In panel A of Table 1, the descriptive statistics concerning co-operative apartments are shown. The first 

period is from 2008 to 2010, before the LTV requirement. The second period is from 2011 to 2016 

before the first amortization requirement, and the final period is from 2016 to 2019. The variable that 

has changed over time is apartment prices. The price trend has been positive from 2008 up until the fall 

of 2017. The downturn in 2017 was stabilized in 2018 and 2019. All the co-variates are stable over time, 

even if we can observe a tendency that the monthly fee has increased slightly. The number of 

observations is around 680,000. In panel B, the descriptive statistics concerning the housing segment of 

single-family houses are exhibited. Here, the sample is smaller, but we still have almost 470,000 

observations to analyze. As in the apartment segment, price is the only variable that changed between 

the three periods. The price increase has been around 46 percent. All the covariates are constant over 

time.  

The empirical analysis is carried on in three steps, where we analyzed the three macroprudential 

measures one at the time. That is, the first is the introduction of loan-to-value-ratio (LTV), the second 

is the introduction of the amortization if the LTV-ratio is too high (AMORT), and the third is the 

introduction of additional amortization if the debt-to-income ratio is too low (DTI). As a first step, we 

are analyzing the so-called RDD-plots. In general, they show on the vertical axis the outcome variable, 

in our case, the house prices, and on the horizontal axis, the running variable. Figure 1 shows the impact 

of the LTV on house prices presented for the apartment market and the single-family house market. 

Figure 2 shows the estimated AMORT-effect, and Figure 3 is the DTI-effect depicted. The RDD-plots 
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are a very general graphical approach and are not evidence of a discontinuity or gap at the cut-off; they 

are only an indicative measure. Not all transactions are shown in the figures; instead, we are 

summarizing the average price within intervals (bins). The line in the figures shows a polynomial of 

order 4 fit of the data within the treatment and the control groups. 

Figure 1. RDD-plot (LTV) 

 

Figure 2. RDD-plot (AMORT) 

 

 Figure 3. RDD-plot (DTI) 
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The figures do not give any conclusive results concerning the first investigated macroprudential tool. 

There seems to be a small jump at the cut-off, but it is not very clear. On the other hand, the interval 

before and after the cut-off is very long, which might blur the results. The second and third 

macroprudential measure seems to have a more apparent effect on the price. The first introduced 

amortization requirement seems to have influenced both the apartment market and the single-family 

housing market. There is a jump in the relationship between house prices and time around the cut-off 

date. It is also apparent that the second amortization requirement happened not very long ago; therefore, 

we do not have a very long treatment group. In the next section, we are going to present the results from 

a more formal estimation of the effects.  

General results 

Table 2 shows the results concerning the first macroprudential policy introduced in 2010 on the Swedish 

housing market. Table 3 exhibits the results from the amortization requirement in 2016, and the final 

amortization requirement in 2018 connected to the debt-to-income ratio is presented in Table 4. As 

described earlier, the estimation approach of the RDD design is based on Calonico et al. (2014a) and 

Calonico et al.’s (2017) rdrobust package in Stata, which is a command that implements the robust bias-

corrected confidence intervals that were proposed by Calonico et al. (2014b). 

Table 2. Co-variate-adjusted sharp HRDD estimates of LTV using local polynomial regression 

 Apartments  Single-family houses  
 Coefficient z-value Coefficient z-value 
Conventional -0.00971 -0.98 0.00001 -0.00 
Bias-corrected -0.01351 -1.37 -0.00553 -0.39 
Robust -0.01351 -1-20 -0.00553 -0.35 
     
 Control Treatment Control Treatment 
No of obs 102,898 542,718 82,165 379,664 
Eff no of obs 21,165 18,743 13,266 10,733 
BW est 126 126 89 89 
BW bias 222 222 163 163 
rho 0.57 0.57 0.54 0.54 

 

In 2010, a loan-to-value ratio of 0.85 was introduced in Sweden. Our data includes more than 100,000 

apartment dwellings before this was introduced and more than 500,000 dwellings after the introduction. 

The effective number of observations is much lower—a bandwidth of 126 days before and after is used, 

which gives us approximately 20,000 observations. The estimated parameters (conventional, bias-

corrected, and robust) of the discontinuity are all close to zero, and none of them are statistically 

significantly different from zero. Hence, the introduction of the LTV ratio does not seem to have had 

any impact on apartment prices. The analysis of the single-family housing market uses around 11,000–

13,000 observations before and after the cut-off level. We cannot establish any jump in the relationship 

between house prices and time around the cut-off value. Hence, the introduction did not have any impact 
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on the Swedish housing market when it was introduced in 2010. One reason for this is that the banks 

were already using measures such as LTV ratios in their loan-approval processes. Table 3 presents the 

results concerning the effect of the first amortization requirement that was introduced in 2016. 

Table 3. Co-variate-adjusted sharp HRDD estimates of AMORT using local polynomial 

regression 

 Apartments  Single-family houses  
 Coefficient z-value Coefficient z-value 
Conventional -0.07733 -9.46 -0.08419 -7.89 
Bias-corrected -0.08123 -9.94 -0.07994 -7.49 
Robust -0.08123 -8.86 -0.07994 -6.37 
     
 Control Treatment Control Treatment 
No of obs 656,484 170,092 539,619 108,772 
Eff no of obs 31,852 25,048 20,946 22,603 
BW est 127 127 147 147 
BW bias 235 235 222 222 
Rho 0.54 0.54 0.66 0.66 

 

When the amortization requirement was first introduced in 2016, there was a discussion about the 

macroprudential measure, and the housing market participants were worried that the requirement would 

have significant effects on the house prices. In the analysis of apartments, we have used around 32,000 

before the cut-off and 25,000 transactions after the cut-off. What we can discover from the analysis is 

that there is a discontinuity at the cut-off; that is, there is a jump in the relationship between apartment 

prices and time in 2016. The estimated parameter is approximately -0.08, which indicates an average 

decline in the price of 8 percent. The estimate is highly statistically different from zero. The difference 

between the three alternative estimates is small and not significant. If we turn to the single-family 

market, we can observe an effect of similar magnitude. That is, the two segments reacted similarly. 

Table 4 shows the results from the analysis concerning the second amortization requirement that was 

introduced in 2018. 

Table 4. Co-variate-adjusted sharp HRDD estimates of DTI using local polynomial regression 

 Apartments  Single-family houses  
 Coefficient z-value Coefficient z-value 
Conventional -0.04270 -4.45 -0.02961 -1.91 
Bias-corrected -0.04824 -5.03 -0.03664 -2.36 
Robust -0.04824 -4.41 -0.03664 -1,97 
     
 Control Treatment Control Treatment 
No of obs 798,894 184,440 629,880 18,511 
Eff no of obs 17,519 27,682 8,825 12,196 
BW est 77 77 86 86 
BW bias 148 148 138 138 
rho 0.52 0.52 0.62 0.62 

 



- 17 - 
 

One problem we have is that our data is limited to the spring of 2019. On the other hand, the effective 

number of observations used in the analysis is around the same as in the other analyses. That is, the 

optimal bandwidth is narrow and, therefore, not affected by using limited data. The results concerning 

the macroprudential of amortization connected to the debt-to-income ratio seem to indicate a negative 

impact on apartment prices of around 4-5 percent. Statistically, the impact is highly and significantly 

different from zero. Moreover, if we turn to the single-family market, we can observe that the estimated 

impact is about 3 percent. It has a slightly lower impact than on the apartment market, which is not that 

surprising as the DTI-ratio requirement on the single-family market more greatly affects older 

households with a higher income and probably have more capital for a down-payment and, therefore, 

less debt.  

Market segmentation results 

Next, we were using our high-resolution housing data and estimated the impact in different segments of 

the housing market besides the apartment and single-family housing segments. We are segmenting the 

housing market in three different dimensions. First, we are going to analyze the three major metropolitan 

regions in Sweden, namely Stockholm, Gothenburg, and Malmoe. Second, we are splitting the market 

in those built within the last ten years. Finally, we are analyzing the market for larger apartments. The 

hypothesis is that we have a more severe impact on house prices in all these dimensions of the housing 

market. In table 5, the results from the major metropolitan areas, for newer dwellings, and the results 

concerning larger dwellings, are presented. 

Table 5.  Housing market segmentation results 

 Apartments   Single-family 
houses 

  

 LTV AMORT DTI LTV AMORT DTI 
Major metropolitan 
regions 

      

Coefficient -0.00498 -0.06829 -0.04342 0.02918 -0.08649 -0.01003 
z-value (-0.46) (-7.54) (-4.43) (2.38) (-6.20) (-0.57) 
       
Newer 
constructions 

      

Coefficient -0.01949 -0.05587 0.00812 -0.00327 -0.03569 0.01608 
z-value (-1.02) (-3.80) (0.72) (-0.16) (-1.49) (0.46) 
       
Larger dwelling       
Coefficient 0.00362 -0.09039 -0.04869 0.02749 -0.09099 -0.03469 
z-value (0.28) (7.59) (-3.66) (1.69) (-6.34) (-2.05) 
       

Note. z-values within brackets 

If we are analyzing the different segments, it is consistent that the first macroprudential policy in 2010 

concerning LTV-ratio did not have any impact on house prices in any of these segments that we are 

investigating. The first amortization requirement in 2016 seems to have had a substantial impact on the 
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housing market. Concerning the apartment market, it is surprising to observe that the impact on the three 

major metropolitan areas is not more significant than the overall results. That indicates that the impact 

has been as significant or even more so in smaller municipalities, even if the impact measured in SEK 

has been smaller due to lower dwelling prices. The impact in the newer construction segment also 

indicates a more modest impact compared to the overall impact. However, the impact on larger 

apartments is higher than the average. Finally, the most recently introduced macroprudential policy has 

had an impact in the major metropolitan areas segment and for larger apartments but not in the segment 

for newer apartments. 

On the single-family housing market, the results are very similar to the results in the apartment market. 

The first LTV requirement did not have any impact, even if we can notice a positive impact on the major 

metropolitan area segment. The first amortization requirement seems to have had a similar impact on 

the major metropolitan areas and larger dwellings as the overall results. However, the results in the 

segment on newer construction are significantly lower (half the impact) compared to the overall results. 

The recent tightening of the amortization requirement has resulted in a negative price effect only in the 

segment on larger dwellings.  

Hence, the results from the RDD estimates in the different housing market segment clearly show that 

the macroprudential measures introduced on the Swedish market have had different effects. Next, we 

are going to perform some specification tests. 

Specification test 

The specification test we are going to perform is based on the recommendation in the literature earlier 

discussed. The first test is testing some of the co-variates for discontinuity. The hypothesis is that there 

should be no such discontinuity in, for example, living area and age (co-variate test). The next test is 

analyzing if there is any discontinuity where there should not be any (placebo test). We can do this by 

setting cut-off values on the average bandwidth to the left and right of the original cut-off. Thirdly, we 

are testing for discontinuity concerning density using the density test. The first two specification tests 

are more critical about the underlining assumptions of the RDD, while the third test can raise some 

concerns of the estimates, but it can also be an alternative outcome variable. In table 6, the results on 

the three specification tests are showcased. 
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Table 6. Specification test 

 LTV  AMORT  DTI  
 Apartment Single-

family 
Apartment Single-

family 
Apartment Single-

family 
Co-variate test       
Living area 0.00381 -0.01081 -0.00430 -0.00793 0.00199 0.00020 
 (1.66) (-1.45) (-2.03) (-1.43) (0.81) (0.04) 
Age 0.01605 -0.01209 -0.00331 0.02618 -0.08960 -0.03235 
 (1.29) (-0.76) (-0.19) (2.13) (3.12) (-1.61) 
Fee -0.00116  0.01022  0.00888  
 (-0.30)  (3.10)  (2.43)  
Placebo test       
Pre cutoff -0.00846 0.06426 0.00947 -0.01966 0.01537 0.08447 
 (-0.22) (1.24) (0.86) (-1.27) (1.41) (4.45) 
Post-cutoff -0.00060 0.00765 0.02245 0.00902 -0.01376 0.04950 
 (-0.03) (0.38) (0.67) (0.21) (-0.54) (1.63) 
Density test       
Density(1) -0.13788 -0.59683 -0.60209 -0.45900 -0.59428 0.16568 
 (-1.52) (-4.99) (-3.16) (-3.02) (-2.37) (1.10) 
Density(2) 0.06916 -0.36321 -0.12806 -0.29714 0.30568 0.16628 
 (0.82) (-5.09) (0.98) (-3.07) (2.48) (1.24) 

Note. z-values within brackets. Density(1) without covariates, Density(2) with covariates. 

The results from the specification tests are mixed. In the co-variate test, most of the co-variates showed 

no discontinuity. The first macroprudential LTV policy is insignificantly different from zero on both the 

apartment and single-family housing markets; hence, there is no jump in the co-variates around the 

cutoffs. The second macroprudential AMORT policy has some mixed results. On the apartment market, 

it seems that the size of the living area is jumping in a negative direction at cut-off, while the variable 

monthly fee jumps in a positive direction. The effect is not huge, but it is statistically significant. 

Moreover, on the single-family housing, there is a discontinuity in the age variable. The results 

concerning the third macroprudential DTI policy indicate that on the apartment market, there is a 

discontinuity in age and fee. Altogether, there seems to be some indication that could create a bias in 

the measuring of the price effect. However, all of the estimated discontinuities are small in magnitude, 

and most of them are not statistically significantly different from zero. As we are controlling for 

covariates in the primary model, the bias should be minor. 

The second specification test concerns the placebo test, which is when we test cut-off values before and 

after the actual cutoff. The results of this test indicate that we do not have any unexpected discontinuity 

in the relationship. The only exception is that we can observe a positive jump in the single-family 

housing market after the third macroprudential policy was introduced in 2018. It is difficult to speculate 

why this is the case, but two reasons could be a small sample bias or that the impact at the actual cutoff 

was overestimated. 

The third specification test is the so-called density test. Here, we test whether there is any jump in the 

outcome variable number of transactions (density) against the running variable. We estimate two 

different RDDs concerning density. The first does not include any covariates, and the second includes 
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the average of each covariate. It is not apparent that a discontinuity is a sign of a violation of the 

assumption of RDD, but if we do find a jump, it is worth investigating further. In almost all sub-markets 

concerning all macroprudential policies, we can observe a negative jump in the number of transactions 

around the cut-off values in the RDD model without covariates. This discontinuity in density or 

manipulation of the cut-off could be a sign that we have a bias in the price effects; that is, the assumption 

of continuity may not be plausible. The bias could be positive or negative. It is negatively biased if the 

sales that did occur after the cutoff are only distressed sales. 

On the other hand, it could be positively biased if it is a supply effect (same types of sales but fewer). 

Unfortunately, we have no way of knowing if a sale is distressed or not. The RDD with covariates 

included shows almost the same results even if some of the negative jumps are not significantly different 

from zero, and one result even reverses sign. 

Figures 4 and 5 are the density test proposed by McCrary (2007) for apartments and single-family houses 

presented, respectively. For the apartment market segment, it is clear that there is a discontinuity 

concerning the first amortization requirement. The second amortization requirement does not seem to 

have discontinuity around the cut-off even if the density drops after. On the single-family market, there 

seems to be a discontinuity for both amortization requirements. 

Figure 4. Density test – Apartments 
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 Figure 5. Density test – Single-family houses 

  

 

As a robustness test, we are testing two alternative bandwidths. We are rerunning the RDD model using 

0.5 and 2.0 times the optimal bandwidth, respectively. The results from the estimations are shown in the 

table below. 

Table 7. Robustness test 

 Apartment Single-
family 

0.5   
LTV -0.00663 0.02275 
 (-0.45) (1.20) 
AMORT -0.04087 -0.02603 
 (-3.66) (-1.79) 
DTI -0.02615 0.00088 
 (-1.87) (0.04) 
2.0   
LTV -0.00142 0.02184 
 (-0.19) (2.17) 
AMORT -0.06642 -0.07132 
 (-10.84) (-8.96) 
DTI -0.02941 -0.00282 
 (-4.22) (-0.25) 

Note. z-values within brackets. 
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The results seem to be robust to the choice of bandwidths. The effects on the apartment’s markets seem 

to be smaller in magnitude when using 0.5 and 2.0 bandwidth sizes, respectively. On the single-family 

housing market, the impact of the bandwidths is more significant. Most of the impact of the 

macroprudential regulations is not statistically or significantly different from zero using bandwidths 

other than the optimal ones. 

7. Conclusion and Discussion 

We started the paper with the question: What is the Impact of Macroprudential Regulations on the 

Swedish Housing Market?  In order to answer this question, we have estimated a so-called discontinuity 

regression design model using disaggregated housing transaction data. The empirical research design 

helps us to mitigate the problem of, for example, endogeneity. Around each macroprudential event, we 

are creating a window to estimate whether there is a discontinuity in the relationship between housing 

prices and time. If there is a discontinuity effect, we interpret that as an impact of the macroprudential 

policy. 

The answer to the overall question is that the first macroprudential policy concerning LTV-ratio of 85 

percent did not have that much of an effect on housing prices. Properly most lenders have already 

implemented that sort of measure in the bank lending approval process. That could also explain why we 

can observe a discontinuity two months before the implementation date.  

On the other hand, the two amortizations requirements that were followed up in order to dampen the 

increase in debts have had more effects on both the co-operative apartment market and the single-family 

housing market.  

Moreover, the impact on housing prices might be biased downward as we can observe a significant 

impact on the number of transacted sales at the same time. A result that confirms the result suggested 

by, for example, Hui et al. (2017). On the other hand, the sales that were transacted might have been 

distressed sales, which might indicate an upward bias in our effect estimates. This question merits further 

research. 

A series of specifications and robustness tests have been performed. For example, we have tested the 

discontinuity in the co-variates and discontinuity in the outcome variables at placebo time. Furthermore, 

we have tested the discontinuity in density and with different bandwidths. The density specification tests 

show that not only housing prices have been impacted by the macroprudential regulation but also the 

number of transactions. The choice of bandwidths also seems to be important in estimating the 

discontinuity effects.  

What are the policy implications? One purpose of introducing the macroprudential borrower-based 

policies was to control the growth in household debts. Of course, control of house price developments 

is an essential part of this overall desire to increase financial stability. The result indicates that the 
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amortization requirements have been significantly more effective compared to the LTV requirement. 

The recommendation would then be that amortization requirements are more effective than LTV 

requirements in reducing house price developments and, by extension, in household indebtedness. The 

repayment requirement also has a direct effect on debt as it reduces the loan balance every month. Then, 

of course, there are other adverse effects of the amortization requirement of a more distributive political 

nature that has not been studied here. An LTV requirement and amortization requirement certainly make 

it harder for younger households to enter the property market. One effect that can be noted in the result 

and which may not be directly desirable is that implemented amortization requirements have affected 

the transaction volume. This reduces mobility in the housing market, which can have a more significant 

impact on how we use the housing stock effectively. 
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