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Resumé 

Afhandlingen ”Lock or Float? Testing the Predictive Ability of the Term Structure on the Aggregated 

Mortgage Choice of Danish Households” er en teoretisk gennemgang af risikoprofilerne for henholdsvis 

et fastforrentet og et variabelt realkreditlån, når disse påvirkes af ændrede rentestruktur-forhold og 

skiftende boligpriser. Samtidig er afhandlingen et empirisk studie i hvorledes rentestrukturen kan 

anvendes som en boliglånsindikator for og af Danske husholdninger. 

Ved hjælp af stress tests påvises det hvorledes risikoprofilerne for fastforrentede og variable lån adskiller 

sig. Dette reflekteres i lyset af tre forskellige rentescenarier, og der kigges i særdeleshed på betydningen 

for de to låns betalinger og friværdi. Samtidig analyseres boligprisernes indvirkning på slutresultatet, set 

over en investeringshorisont på 5 år.  

I forbindelse med rentestrukturens egenskaber som boliglånsindikator, præsenteres forskellige 

rentestruktur-teorier, og den rationelle forventningsteori baseret på en variabel risikopræmie opstilles 

som værende gældende, når Nationalbankens pengepolitik i høj grad synes styret via de korte renter. 

På den baggrund præsenteres ”Household Decision Rule”, rentedifferencen og den lange rente som mål, 

hvormed udviklingen i markedsandelene for fastforrentede og variable realkreditlån kan spores på 

baggrund af korrelations koefficienter og statistisk signifikans.  

Den empiriske analyse baseres på henholdsvis Danske nul-kupon- og Danske realkreditrenter, således 

at resultaterne af disse to datasæt kan holdes op imod hinanden for hver af de tre boliglånsindikatorer, 

som repræsenterer rentestrukturen på forskellig vis. Household Decision Rule har særligt fokus på 

variationen i risikopræmien over tid, og baseres således på K-værdier der fungerer som en erstatning for 

denne variabel. K-værdien beregnes på baggrund af den nuværende lange rente fratrukket et 

gennemsnit af den seneste tids korte renter.  

Resultaterne af analysen viser at der for Household Decision Rule er stærke lokale korrelationer, der 

peger på at det i høj grad er det generelle renteniveau der gør sig gældende når Danske husholdninger 

skal vælge boliglån. For rentedifferencen er resultatet generelt svagt, men dog statistisk signifikant, 

mens der ikke synes at være potentiale i den lange rentes evne til at forudsige ændringer i det samlede 

boliglånsvalg for Danske husholdninger. 
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Chapter 1: Introduction 

This partly theoretical and partly empirical thesis is an investigation of the term structures ability to 

predict the aggregated mortgage choice of Danish households, based on three different mortgage choice 

indicators, namely the Household Decision Rule, the yield spread and the long yield. In this chapter I will 

explain my motivation for choosing this topic, as well as the research method applied to conduct the 

investigation. Further, I will present the thesis and my research questions, and introduce previous 

research within the field. Finally, I will lay out the framework of the paper. 

 

Motivation 

My decision to write about mortgage choice and term structure is founded on the surprisingly large 

variation over time in the preference of Danish households for the two broad categories of mortgage 

products; adjustable rate mortgages (hereafter referred to as ARMs) and fixed rate mortgages (hereafter 

referred to as FRMs). From academic research papers within the field of mortgage choice, a research 

gap has become apparent, as there does not exist an obvious link between the mortgage choice of 

Danish households and the interest rate term structure. I want to investigate this link and put theories 

based on U.S. data to the test on Danish mortgage market data. 

According to one rule, the so-called “Household Decision Rule”, it should be possible for households to 

estimate the optimal mortgage choice using term structure data, based on a simple rule of thumb. I find 

it relevant to investigate alternatives to the current Danish disclosure requirements, which is the data 

made available to households via sales reports and documents from banks and mortgage credit 

institutions. In these documents, a potential buyer will find a comparison of the first years’ expenses as 

well as the annual percentage rate of an ARM and a FRM. However, this is not a valid comparison 

because the two mortgage types behave very differently over time (Lynggard, 2008: pp. 178), depending 

also on shifts in the term structure. Since the average borrower is not necessarily financially strong, there 

needs to be a more transparent and intuitive way to understand the differences between the two 

mortgage types. On the basis of this thesis, I hope to narrow down that gap. 
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Research Design & Method 

To conduct my analysis, I will use empirical data to compute and compare the yield spread, the long-

term yield and the long-term bond risk premium as indicators of mortgage choice, based on the article 

“Mortgage Timing” by Koijen et al. (2009). The authors found that long-term bond risk premium is a 

strong indicator of aggregated mortgage choice of U.S. households. I want to investigate if these findings 

are transferable to the Danish mortgage market. Based on my findings, I hope to be able to explain the 

variation in aggregated mortgage choice in Denmark, covering the period from 2000 to 2014. 

The thesis is within the field of household finance, which focuses on the behavior and welfare of typical 

households. The research design is dynamic, as it involves a time-period of nearly 15 years and because 

it is essentially the development over time that is the focus of the investigation (Nielsen, 2009: pp. 78).  

My analytical approach is the classic, deductive, meaning that my analysis is based on current knowledge 

on which hypothesis are build, in order to explain causal effects (Nielsen, 2009: pp. 38). Specifically, I 

will use various yields and mortgage product market shares to test if there is a cause-effect relationship 

between the term structure and mortgage choice. The cause-effect approach is a typical deductive way 

of generating knowledge.  

My data collection is quantitative and consists of a combination of time series of different bond yields 

and the market shares of mortgage products over time. Based on my analytical results, I hope to be able 

to identify general mortgage choice behavior from changes in the term structure, such that I can explain 

the link between the two. 

For the basis of the research lies both literature and empirical data, such as research papers from 

scientific journals, scientific books and reports, and statistics and analyses carried out by institutions 

such as the Central Bank of Denmark, The Association of Danish Mortgage Banks, Danish Mortgage 

Banks’ Federation, etc.  

I apply financial theories to investigate mortgage choice and term structure and use illustrative methods 

in the form of spreadsheets to compare different economic scenarios for Danish households based on 

whether they choose an ARM or an FRM. To test the statistical fit of my findings I will conduct regression 

analyses and use the result of these regressions to conclude whether the term structure in fact can be 

applied to explain mortgage choice.   
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Finally, I will hold my own results up against those found in the literature to validate my findings and 

find differences as well as similarities. I will attempt to use theory to explain my empirical results just as 

I will use my empirical results to validate the chosen theory.  

 

Limitations  

Instead of investigating the Danish mortgage market as a whole, I have limited my research by focusing 

on the mortgage choice of Danish households.   

When investigating the choice between ARMs and FRMs, it is necessary to have a look at the 

development of the market for mortgage products. In the U.S., households have been able to choose 

between ARMs and FRMs since the early 1980s, whereas in Denmark, the ARM in its current form has 

only been available since 1996. Consequently, the Danish data history is not extensive, why my analysis 

is based on a more narrow dataset. The dataset is narrowed down further because statistics on market 

shares of Danish mortgage products are only published in quarterly, not monthly, intervals.    

The model developed by Koijen et al. was originally tested via a dataset consisting of mortgage details 

of approximately 911,000 U.S. households, which enabled the authors to investigate mortgage choice 

on an individual as well as an aggregated level. It is outside the scope of this paper to obtain an 

equivalent dataset. Instead, the research builds on secondary data obtained from data banks, and my 

focus is on aggregated mortgage choice alone. 

 

Thesis 

Based on the overall theme of my paper, mortgage choice and term structure, I have worked out the 

following thesis: 

“Does the term structure predict the choice between fixed and variable rate 

mortgages of Danish households, and what methods can these households use to 

decide whether to obtain a fixed rate or an adjustable rate mortgage?” 

 

I will answer this question via the following research questions: 
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A. How has the Danish mortgage market developed in terms of market share since ARMs became 

available to in 1996?  

 

B. How does interest rate risk and inflation risk affect the payments and equity of households with 

FRMs versus ARMs? Are there other risks to consider for Danish households with a mortgage 

loan? 

 

C. How do current disclosure requirements fit with the change from a FRM-funded market to a 

market where the ARM has become a popular alternative, and how can the difference between 

the two mortgage types be measured? 

 

D. Can households apply a strategy whereby they can “ride” on the yield curve?  

 

E. What does the Danish term structure look like and how has it developed since the introduction 

of ARMs? 

 

F. What is the Household Decision Rule, the long yield and the yield spread and how do they link 

mortgage choice to the term structure of interest rates? 

 

G. Can the Household Decision Rule be applied to predict the aggregated mortgage choice of Danish 

households?  

 

H. Can the long yield and the yield spread be applied to predict the aggregated mortgage choice of 

Danish households? 

 

Previous Work within the Field 

Before starting the work process on this thesis, I extensively researched the existing literature within the 

field of household finance, mortgage choice and term structure. Van Hemert (2010) looks at mortgage 

choice from an interest rate risk management perspective, via a dynamic life-cycle model. By including 

both labour income, housing and mortgages in his model, he is able to study the pattern in households’ 

interest rate risk management and the optimal mortgage choice. Mori, Diaz and Ziobrowski (2009) use 

a psychological approach to determine why mortgage borrowers choose ARMs over FRMs. By 

conducting experiments where they frame the mortgage choice as either a positive experience 
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(acquiring a home) or a negative experience (future expenses) and holding this up against a similar 

scenario where the mortgage is substituted by a bond, they are able to examine the attitudes of 

borrowers towards interest rate risk in residential mortgages. In their 2008-article, Arsham, Ford and 

Morse develop a forecasting model for interest rates and compare these forecasts with actual rates. The 

model allows borrowers to predict the direction of short-term interest rates in the near future and base 

their mortgage choice thereon. Campbell and Cocco (2003) focus on mortgage choice on the basis of 

risk-aversion, the size of the mortgage, the riskiness of the household’s income as well as the moving 

probability of the household, and develop a life-cycle model from these factors. Their model suggests 

that household’s financing decisions are sensitive to the slope of the term structure. Lino (1992) 

investigates mortgage choice from a sample consisting of 350 mortgage borrowers to determine  

whether mortgage decisions are economically rational, and finds that many borrowers are unable to 

correctly evaluate which mortgage type has the higher expected cost, based on interest rate levels and 

residency expectations. In the paper by Dokko and Edelstein (1991), the authors develop an expected 

utility framework for interest rate risk and mortgage choice and find that full protection against interest 

rate risk is suboptimal for the typical household. They conclude that the optimal mortgage design of 

ARMs should include an interest rate cap. Finally, Koijen, Van Hemert and Van Nieuwerburgh (2009) 

study how the term structure of interest rates relates to mortgage choice based on time variation in 

bond risk premia, in addition to the yield spread and the long yield. Their findings lend credibility to a 

theory of strategic mortgage timing by households.  

Based on my general interest in the field and my literature review, I found that the term structure 

approach by Koijen et al. would be interesting to apply to a Danish setting, to determine if similar 

mortgage timing theories are at play.        

 

Framework of the Paper 

In Chapter 2, I will briefly introduce the Danish mortgage system, before turning to an assessment of the 

development of the Danish mortgage market in terms of mortgage product market shares and Danish 

household debt. In Chapter 3, I investigate the technicalities of the ARM and the FRM in terms of interest 

rate risk, inflation risk and personal risk factors. Chapter 4 is a stress-test example of how changes to 

both the term structure and the inflation rate of housing can affect the payments and equity of a FRM- 

versus an ARM holder. Chapter 5 illustrates the outcome of a strategy to ride on the yield curve from 
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the household’s perspective. Chapter 6 introduces general term structure theory and the Danish term 

structure. In Chapter 7, I introduce the Household Decision Rule by Koijen et al., and summarize the 

results obtained by the authors from testing the rule on U.S. mortgage data. I also discuss the long yield 

and the yield spread as well as the results obtained by Koijen et al. from testing the ability of these key 

figures to predict mortgage choice. Chapter 8 and 9 presents the results I obtained from testing first, the 

Household Decision Rule and second, the long yield and the yield spread on Danish mortgage data. 

Chapter 10 is a discussion of my findings compared with the findings of Koijen et al., while Chapter 11 

concludes and offers alternative perspectives and potential for future research.  
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Chapter 2: Mortgage Market Development 

In this chapter, I will first briefly introduce the Danish mortgage system and its legislation. Following, I 

will look at the influence of new mortgage product on the mortgage market, and look at the effects of 

innovation and changed regulation on the development, in terms of market share of the FRM compared 

to the ARM from 1996 to 2014. 

 

The Danish Mortgage System 

Denmark has traditionally been a nation of fixed rate borrowers, in large part due to our mortgage 

culture, with a system that dates back to 1797. Today we have one of the world’s most sophisticated 

mortgage credit systems, which is praised world wide (Gyntelberg et al., 2012: pp. 53). In 2011, Denmark 

had the second largest covered bonds market in the world in terms of volume outstanding, only topped 

by Spain (Falch et al., 2013: pp. 14). Our funding system is a major reason why fixed rate mortgages have 

prevailed. However, since 2000, this cultural trend has been diminished by the introduction of new 

mortgage products, such as the ARM (European Mortgage Federation, 2006: pp. 25).  

There are several reasons why the Danish system is perceived to be one of the best in the world. First, 

Danish mortgage banks only provide loans secured in registered housing when issuing bonds, such that 

a mortgage loan is granted in return for a registered mortgage (Danish Mortgage Banks’ Federation, 

2014). Second, there is a limit to how much of the property that can be financed with a mortgage loan. 

For residential housing, this limit is 80% of the sales price. This reduces the credit risk of the mortgage 

institute. Third, in case of a foreclosure, the investor has first claim and is therefore not exposed to credit 

risk, making mortgage bonds a safe investment. Furthermore, the borrower is personally liable for the 

loan, also in the event of a foreclosure (The Association of Danish Mortgage Banks, 2014). Danish 

mortgage bonds are traded on NASDAQ OMX Nordic, such that lenders and borrowers alike have easy 

access to prevailing interest rates and market values of bonds. To ensure liquidity, bonds are bundled 

into large series and the price-of-one principle applies such that there is alignment in the price of similar 

series, regardless of the issuing institution (The Danish Mortgage Banks’ Federation, 2014). Thereby, 

adverse selection issues are avoided. 

One specific factor that makes the Danish mortgage system unique is the so-called balance-principle. 

According to this principle, the credit institute operates with cash-flow based matching of loans and the 

bonds used to fund these loans (Gyntelberg et al., 2012: pp. 54), thereby avoiding exposure to for 
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example interest rate risk, liquidity risk and refinancing risks.  Although it has not been a legal 

requirement since the SDO/SDRO regulations were introduced in the summer of 2007, all of the Danish 

mortgage credit institutions have decided to stay true to this principle, as it is key in insuring a simple 

and transparent mortgage system (Bomgaard & Laustsen, 2009: pp. 5). The credit institutions’ earnings 

consist of the annual administration and contribution fees paid by borrowers. These fees vary, 

depending on the risk profile of the mortgage loan in question. The highest fees are paid on ARMs with 

deferred amortization at around 1.10% annually, while standard FRMs have the lowest fee, which is 

approximately 0.65% annually (The Danish Mortgage Banks’ Federation & The Association of Danish 

Mortgage Banks, 2014). 

From a regulatory perspective, mortgage credit institutions are under on-going observation by the 

Danish Financial Supervisory Authority. Furthermore, they are subject to regulations under the Financial 

Business Act and the Act on Mortgage Loans and Mortgage Credit Bonds, as well as EU rules and 

regulations (The Danish Mortgage Banks’ Federation, 2014). Both the monitoring and the regulations 

reflect the credibility of the Danish mortgage system. 

 

Mortgage Product Innovation 

During the past twenty years, there has been a liberalization of the Danish mortgage market with the 

introduction of several new products, which have made housing finance more flexible for borrowers. 

The two most influential examples are the introduction of ARMs by Realkredit Danmark in 1996 and the 

availability of deferred amortization since October 2003.  

Although these products have made it easier for households to obtain a loan, at the same time they 

have made the Danish mortgage system less transparent and less stable (Østrup, 2011: pp. 5). There is 

now more risk involved for the borrowers, in terms of interest rate risk and the risk of becoming 

technically insolvent. The risk exposure is also greater for the mortgage banks themselves, who are now 

subject to systemic risk, as the popularity of ARMs and deferred amortization has made the mortgage 

system more vulnerable to interest rate increases and drops in the market prices of housing  (Grosen & 

Raaballe, 2011: pp: 3). 

In the article by Scanlon, Lunde and Whitehead (2008), this issue is pin-pointed. The innovation and 

liberation of the mortgage markets of advanced economies have resulted in more fragile mortgage 

credit systems. The lower monthly payments of ARMs, as a result of the lower interest rate on short-
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term bonds, opened up the market for borrowers that would not have been able to apply for a mortgage 

loan in the past. At the same time, borrowers who would have settled for a house of a certain size when 

financed by an FRM, now had an opportunity to obtain a larger mortgage loan at the same monthly cost 

by choosing an ARM instead. This stream of new borrowers entering the market caused the demand for 

housing to increase, pushing up the prices of housing along the way and eventually this led to the 

housing bubble that resulted in a financial crisis.  

 

The Development in Mortgage Product Preferences 

The following section is a closer look at the time-variance in mortgage product preferences from 1996 

to 2014. Mortgage products are divided into the two broad categories of ARMs and FRMs.  

 

Figure 1: Market Share Development of ARMs and FRMs 

 

Source: Association of Danish Mortgage Banks (2014) and own origination 

 

Since ARMs were first introduced on the Danish market in 1996, there has been remarkable variation in 

the share of this mortgage type versus the traditional FRM. Over the sample period, the ARM share 

varies from just below 9% of the market in 2000:Q2, where it was still new to borrowers, to almost 90% 

of the market in 2009:Q2. This is illustrated by Figure 1 above. From the figure, it is also apparent that 

although introduced in 1996, measurable ARM data is only available from 2000:Q1. I am uncertain 
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whether this pertains to a lack of measurable data in the period from 1996 to 2000 or if it simply took 

time for the market to adopt the new product.  

It is easy to see how the introduction of ARMs have taken market share from the FRM. However, it is 

not a stable development that eventually finds a balance between the two mortgage products. Instead, 

market shares are highly volatile over time, with a mean of 48.20% and a standard deviation of 18.33% 

for the ARM over the period from 2000:Q1 to 2014:Q3.  

If we take the years leading up to the financial crisis as well as the years after the crisis hit into 

consideration, with 2008 as the approximate cut-off point between these two economic states, the 

graph appears to reflect growing interest for FRMs when the economy picks up and growing interest for 

ARMs when the economy slows down. Around 2009, shortly after the crisis was upon us, ARMs 

accounted for nearly 90% of the market when measured as gross loan amount in DKK. During the 

recovery, smaller waves of economic recess hit the mortgage market in both 2011 and 2013. Both times, 

ARMs grew in popularity. This could indicate that there is an increased desire to minimize current 

expenditure in times of financial distress, which makes sense from a utility maximizing perspective. 

However, if taking a forward-looking approach, it seems more logical to secure future payments via the 

added securities that an FRM provides, especially in times of financial distress, where interest rate 

movements can be unpredictable and the value of housing can fall dramatically. 

 

Danish Mortgage Debt 

Denmark is one of the most indebted countries in the world when it comes to households, with a 

residential mortgage debt to GDP ratio of 100.8% in 2012, only topped by the Netherlands at 108.4%. In 

comparison, the U.S. ratio is 68.8%. On a per capita level, each Dane (18 years and above) have 55.4 

thousand Euros of residential debt. If we compare this to our closest neighbors, Sweden and Germany, 

their respective figures are 43.7 and 17.1 thousand Euros, and hence not nearly as high as the Danish 

debt per capita (European Mortgage Federation, 2014). One could argue that being one of the most 

developed mortgage markets in the world, will naturally encourage mortgage borrowing and thereby 

explain the large residential debt. According to the Association of Danish Mortgage Banks (2014) this is 

also the conclusion of a new ECB report, although the report does not include Denmark. It is interesting 

to note, however, that the homeownership rate of Danish households is relatively low, at only 54% in 

2011 compared to for example the U.K. (69%) and the U.S. (67%) as well as many European countries 
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(Campbell, 2012: pp. 4). In the light of how easy it has been for borrowers to qualify for a mortgage loan, 

especially before the reality-check of the financial crisis, it is not surprising that Danish mortgage debt is 

higher than GDP.  

 

Institutional Initiatives 

In the aftermath of the financial crisis, banks and credit institutions seem to have acknowledged that 

the preference of borrowers to get the lowest monthly payments possible by choosing ARMs, causes a 

potential threat to the Danish mortgage system. This section supports this claim.  

In the beginning of 2013, new rules were implemented in an attempt to make ARMs with annual interest 

rate adjustments less attractive to mortgage borrowers. One initiative was to raise the fees on these 

types of loans, making them more expensive relative to FRMs and ARMs with less frequent interest rate 

adjustments (Erhvervs- & Vækstministeriet, 2013: pp. 26). The difference in these contribution rates has 

a diminishing effect on the yield spread between these two mortgage types. Furthermore, in order to 

limit the amount of risky ARMs on the market, credit institutions offering mortgage loans are now only 

allowed to offer ARMs and deferred amortization to households that are able to finance their homes 

using a standard amortizable FRM (Erhvervs- & Vækstministeriet, 2013: pp. 24).  

Another initiative is the risk classification system, which operates according to a traffic light model, 

where mortgage loans are classified as either green, yellow or red, based on how risky they are. FRMs 

and cap-type ARMs with amortization are classified as green and regular ARMs with or without 

amortization are classified as yellow. In the red category, less traditional mortgage types are placed, 

such as interest rate swap mortgages and mortgages in other currencies than DKK (Erhvervs- & 

Vækstministeriet, 2013: pp. 25). 

 

Danish Disclosure Requirements 

In the disclosure requirements of any home open for sale, the potential buyer can see a comparison of 

the annual percentage rate (APR) of the mortgage if it is financed by either an ARM or an FRM. The same 

figure appears on documents and brochures from banks and credit institutions, when potential 

borrowers approach these for mortgage counseling. The figure is a percentage cost figure, which is 

usually combined with another cost measure reflecting the first year’s expenses in DKK. These measures 
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portray the annual expenses associated with owning a particular home. However, the figures are  

calculated assuming fixed interest rates throughout the life of the mortgage. This is a reasonable 

assumption with respect to the FRM, but when it comes to ARMs, the APR tends to understate the true 

cost of the mortgage. At least when the term structure is ascending, indicating that the market expects 

interest rates to increase in the future (Campbell, 2006: pp. 1590).  

By setting the APR of ARMs alongside that of FRMs, the disclosure requirements suggest that the two 

mortgage types are comparable, when in fact they are immensely different and far too complex to be 

compared using a single figure, such as the APR. In a comparison of this sort, the ARM will normally 

come out as the winner as it has a lower annual cost than the FRM due to its lower rate. At best, the 

APR should only be used to compare mortgages of the same type, once the initial mortgage type decision 

has been made. If households looking to buy a home are not financially sophisticated, I find it safe to 

assume that they will, in fact, base their mortgage choice on readily available figures and hence not 

necessarily make the optimal mortgage choice. Especially, if the key figures are provided by banks or 

credit institutions, who are perceived to be experts in this connection.  

Since the very introduction of ARMs in Denmark, Svend Jakobsen has been an advocate for a regulatory 

change of traditional disclosure requirements, to better suit a market where ARMs have become a 

popular alternative to traditional FRMs. In his 2004 article, he writes: “First year’s expenses is not an 

ideal figure for comparison between ARMs and FRMs, but the key figure falls completely short after the 

introduction of interest-only mortgages” (Jakobsen, 2004: pp. 6). His suggestion for improved and more 

suitable disclosure requirements includes a counseling schedule that looks beyond monthly payments 

and APR, and incorporates different interest rate scenarios, in order to illustrate the consequences of a 

changing term structure to the borrower. I will return to this form of stress testing in a later chapter. 

 

Summary 

In this chapter, I have introduced the Danish mortgage system and its construction. The development in 

the market shares of ARMs and FRMs during the past 15 years was illustrated and I discussed some of 

the risks that mortgage innovation, in particular the introduction of ARMs and interest-only mortgages, 

has exposed the traditionally FRM-funded Danish mortgage market to. Finally, I assessed current Danish 

disclosure requirements, which I found inadequate to base the mortgage choice between ARMs and 

FRMs upon. 
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Chapter 3: Risks Affecting ARMs and FRMs 

In this chapter, I describe the interest- and inflation risks of the two mortgage types and assess how they 

are affected by these risks. I also briefly assess the more personal risks that can influence the economy 

of a mortgage-holding household. In doing so, I wish to illustrate the inappropriateness of the APR and 

the first year’s expenses as comparative cost figures of different mortgage types. 

 

Interest Rate Risk of the ARM 

Any change to the interest rate level, whether it is an increase or a decrease, affects the mortgage loan 

in some way, depending on the mortgage type. In the case of the ARM, Table 1 below summarizes how 

the economy of a household, in terms of mortgage payment, market price, property value and equity, 

is affected by either a rise or a fall in the interest rate level. 

 

Table 1: Interest Rate Risk of an ARM 

ARM Increase Decrease 

Mortgage Payment Rises Falls 

Market Price of Mortgage Unchanged Unchanged 

Market Price of Property Falls Rises 

Household Equity Falls Rises 

Source: The table is based on lecture notes from the CBS-course “Boligøkonomi- & finansiering” (2012) 

 

Mortgage Payments 

For the household with an ARM contract, an increase in the level of interest rates, the short-term rates 

in particular, makes the mortgage payment increase. However, as mortgage loans are typically annuities, 

the payment does not increase by the percentage increase in the interest rate, because as the interest’s 

share of the payment increases, the instalment’s share of the payment drops (Christensen and Kjeldsen, 

2002: pp. 68). Still, an increased payment means that every month more money goes towards paying 

off the mortgage and less money is left over for consumption. Should the interest rate level decrease 

instead, the household’s mortgage payment decreases and in turn, there will be more money left for 

consumption each month. This uncertainty in consumption is one of the risks that is tied to an ARM 

contract. If the household has a healthy economy, there should be plenty of room for such volatility in 
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payments, but for the more liquidity constrained household, such fluctuations can be a burden. 

Especially in case of on-going increases or sudden shocks to the interest rate.  

Under such circumstances, the constrained household may reach a point, where it can no longer service 

the mortgage payments, because in doing so, there will not be enough money left for basic living costs, 

such as food and utility. In that event, the household will have to sell the home in order to find less 

expensive housing accommodations, either by buying a more affordable home or by entering the rental 

market instead. This, however, requires that the household is not technically insolvent (Christensen and 

Kjeldsen, 2002: pp. 69). Under such circumstances, the bank may not allow a sale and the owners end 

up tied to a home they cannot afford to live in. If the financial circumstances do not improve, eventually 

the owners may have to default on the mortgage. This is not a free pass, though. A decision to default 

will haunt the household in many years to come and can make it difficult to reestablish in the future, as 

the borrower is still personally liable to repay the amount outstanding after a forced sale. 

Market Value of the Mortgage 

One of the technicalities of ARM contracts is that the market price of the mortgage will always stay 

approximately the same, as the loan minimizes unprofitable exposure to both upward and downward 

interest rate movements. This is because the coupon rate is periodically adjusted according to the 

market rate, such that there will never be much variation between the two (lynggaard, 2008: pp. 180). 

The shorter the adjustment intervals, the narrower is the spread between the two rates and the closer 

the market value is to 100. What this means is that the household should not have to worry about the 

value of the debt. At least not as long as the mortgage is only repaid/refinanced when the contract 

stipulates it and the mortgage is being amortized. However, this feature also has a downside with 

respect to equity, which I will describe in the following section. 

Property Value & Owner’s Equity 

Property values and equity of households with ARM contracts are also affected when interest rates 

change. On a general level, an increase in interest rates makes new mortgage contracts more expensive 

and puts pressure on the housing market, causing prices to drop, while lower interest rates allow room 

for an increase in the price level of housing, as mortgages borrowing becomes more affordable 

(Lynggaard, 2008: pp. 177). This applies to both the ARM and the FRM contract. However, changes in 

the interest rate level can also affect the prices of housing indirectly, via either economic downturn 

caused by increasing interest rates or economic growth caused by decreasing interest rates (Christensen 

and Kjeldsen, 2002: pp. 72). 
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Due to the continuous adjustment of the coupon rate to the market rate, as explained above, the 

household with an ARM is unable to secure its equity. Because of this, the equity falls as interest rates 

increase and rises as rates decrease. Equity is the difference between the market value of the property 

and the market value of the debt outstanding on the mortgage contract. If all else stays the same, the 

more you pay off on your mortgage loan, the more equity you have. Said in another way, the more you 

pay off, the more of the house you own, such that when you sell, equity is money in your pocket.  

The problem with the ARM contract in this relation is that when interest rates increase, the value of the 

home falls while the value of the debt remains the same, such that part of the equity is lost. Should the 

situation be the opposite, where interest rates decrease, the holder of an ARM contract builds up equity, 

because the value of the home increases, while the value of the debt is still unchanged.  

One should take note, that changes to the property value and the equity are only relevant in case the 

mortgage needs to be refinanced in some way, or if the owner sells the property. Otherwise, property 

value and equity are just figurative. However, the figures can be used to time a sale or a decision to 

refinance, as they will indicate when it is prosperous to do so. 

 

Interest Rate Risk of the FRM 

The FRM contract is also affected by changes in the interest rate level, but not in the same manner as 

the ARM. With reference to Table 2, I will describe this next. 

 

Table 2: Interest Rate Risk of a FRM 

FRM Increase Decrease 

Mortgage Payment Unchanged Unchanged 

Market Price of Mortgage Falls Rises (app. to par value) 

Market Price of Property Falls Rises 

Equity App. Unchanged Moderate rise 

Source: The table is based on lecture notes from the CBS-course “Boligøkonomi- & finansiering” (2012) 
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Mortgage Payments 

As opposed to the ARM contract, where changes to the interest rate will either increase or decrease the 

monthly payments, the payments of the FRM contract are not affected by changing rates, because the 

rate is locked until the bond reaches maturity. Payments are stable and this security is paid for in terms 

of a comparatively higher rate than that of an ARM. In August of this year, 2.5% FRM series were opened, 

subsequently to the 3%-series had closed after reaching a market value above 100. This is the lowest 

long-term rate we have seen to date. It is not surprising that we have seen growth in the market share 

of FRMs in the second half of 2014. Not only is it a great rate to lock in at for new mortgage borrowers, 

it has also made converting and refinancing attractive options for household who already have a 

mortgage loan (Christensen and Kjeldsen, 2002: pp. 69).   

Market Value of the Mortgage 

Besides the benefit of fixed mortgage payments, the FRM contract also comes with a means to secure 

owner’s equity. An FRM has a coupon rate that is fixed, while the market rate can fluctuate throughout 

the life of the mortgage contract. This means that the market value of the mortgage can fluctuate. If an 

increase in interest rates widens the spread between the coupon rate and the market rate, it will cause 

the value of the debt to fall. Depending on how much the debt decreases, a decision to refinance the 

loan can be prosperous, even though the coupon rate on the new mortgage will be higher. The cost-

benefit relationship must be carefully considered. On the other hand, should interest rates drop, the 

holder can always pay back the mortgage at a market value of 100 (Lynggaard, 2008: pp. 179). This 

option of being able to pay back the mortgage at any time the holder wishes is beneficial when the 

household wishes to sell or refinance, and it can be seen as a security feature of the FRM. It is also yet 

another reasons why the rate is higher on this type of mortgage than on an ARM. The household pays a 

premium for the added security of a fixed rate and a call option (Lynggaard, 2008: pp. 171).   

Property Value & Owner’s Equity 

The value of a property held by a household with a FRM contract is affected by shifts in interest rates in 

exactly the same way as the properties of holders of ARMs. A higher interest rate level will decrease the 

value of the property, while a fall in interest rates will increase the value of the property. The equity, 

however, is better secured when the household has chosen a FRM. This is rather intuitive, because when 

property values fall as a consequence of rising interest rates, the value of the debt falls as well. As a 

result, the equity remains fairly stable (Lynggaard, 2008: pp. 177). If interest rates should fall instead, 

the property value increases, while the value of the debt rises only moderately, to par value. The result 
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is a minor increase in the equity. Again, there is a risk-return trade-off, which cannot be ignored. While 

the FRM offers an opportunity to secure one’s equity, it does not offer much opportunity to build equity, 

at least not from interest rate changes alone, whereas an ARM does not offer equity protection, but can 

potentially build up equity in a setting with falling interest rates.   

 

Inflation Risk 

Another risk factor that must be considered when obtaining a mortgage is inflation. There are two types 

of inflation that will influence the market value of a home and that is the general inflation in the price 

level of consumer goods and inflation on the housing market. 

General Inflation 

In Denmark, the Central Bank ensures that the inflation of consumer prices are stable at around 2% at 

all times and therefore inflation as such is not perceived as a threat to a housing investment (Danish 

Central Bank, 2014). Figure 2 shows Danish inflation from 1995 to 2013. It is easy to see that inflation 

moves close to the 2%-target, illustrated by the red line. From the figure, it can also be seen how inflation 

did fluctuate more than usual during the financial crisis. It is intuitive, that it was a challenge for the 

Central Bank to keep inflation stable during that period. With housing prices at sky-high levels, 

consumers were more than willing to spend their money. From the classical supply and demand 

equilibrium, we know that when demand increases, so does supply in order to meet demand, which in 

the end drives up the price level. This put a lot of pressure on the economy, which eventually overheated 

and the financial crisis was a reality. Still, the Central Bank did manage to keep inflation under control, 

although the volatility of the inflation rate has been higher since the crisis. 

Although inflation as such is not a threat in Denmark, it is still important to note that the nominal interest 

rate consists of the real interest rate and inflation. Simply put, the higher the inflation, the higher the 

interest rate. If inflation increases permanently, to e.g. a 3% level, this will have a direct impact on 

nominal interest rates and therefore it will influence ARM holders as well as future FRM holders. 

However, if salaries increase with inflation as well, the impact of the interest rate increase will be less 

consequential (Christensen and Kjeldsen, 2002: pp. 67). 
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Figure 2: Danish Inflation 1998 - 2013 

 

Source: Statistics Denmark (2014) and own origination 

  

One thing that is important to note with the prevailing inflation level and the historically low short-term 

interest rates, is that we have a situation with negative real rates on ARMs. The reason for this can be 

found in the monetary policy. In order to get the Danish economy back on track, rates have been held 

artificially low to an extend where they are now lower than inflation. First of all, this should give potential 

borrowers an incentive to invest, because the lower rates makes it inexpensive to do so. Secondly, it 

should lower monthly mortgage expenses for households, such that there is more money left for 

consumption each month. When people increase consumption, it spurs economic growth because more 

money is being circulated in the market. However, the low rates have a downside too. When the federal 

government controls the interest rate level like this, they are essentially planting bad habits in the 

mindsets of the borrowers, who become used to such low rates and a specific level of consumption. 

Thereby, it becomes increasingly difficult for these borrowers to adjust, once the grip on the interest 

rate level is loosened.     

Inflation on the Housing Market 

The housing market, like the economy, has clear boom and bust periods, where the market prices of 

properties fluctuate and this can have a great effect on the financial situation of households. It can make 

selling the home or refinancing the mortgage attractive options, but it can also tie an owner to a property 

he or she had otherwise hoped to sell. Consider an example, where a household buys a home at a time 

where the market is booming, such as it was in 2007. After a few years, the family has grown and needs 

more room, why there is a need to either sell and find a bigger home or expand the existing home. 

However, the market has deflated and the property is no longer worth as much as the household initially 
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paid for it. The owners will not be able to sell with a profit, so they will not have a down payment for a 

new home, and they cannot borrow against their equity in order to expand, because the equity has 

deteriorated along with the deflation. According to a report from The Knowledge Centre for Housing 

Economics (2013: pp. 4) the drop in the market values of housing from 2006 to 2010 resulted in 

approximately one third of owner-occupiers exceeding the 0.8 LTV-ratio, while 10% became technically 

insolvent (LTV-ratio above 1). In comparison, around 15% have a LTV-ratio above 0.8, while 3% are 

technically insolvent under normal market conditions.  The more households that become technically 

insolvent, and thereby are tied to their homes, the more market mobility suffers, because these owners 

will not be able to relocate for a job or similar opportunities (Christensen and Kjeldsen, 2002: pp. 70). 

There are of course also considerable gains to be made on the fluctuating market prices of housing, but 

as this chapter focuses on risk scenarios, I will not go into further details with this particular situation. 

 

Other Risk Factors 

Divorce, unemployment, illnesses and accidents are some of the personal risk factors that can affect the 

economy of Danish households with mortgage loans most severely. Any of these situations can put a 

strain on the household in terms of making payments on the mortgage and eventually, it may require a 

sale at a time that is far from lucrative.  

In the event of a divorce, it is highly likely that at the time the mortgage was obtained, credit was given 

based on the couple’s combined economy, why it may not be possible for either party to stay in the 

home with a single’s economy. With respect to unemployment and illnesses/accidents, it may cause a 

huge strain on the household’s economy if suddenly the income stream is cut in half or sharply reduced, 

especially if the situation is long-term. However, the Danish welfare system provides easy access to 

health care and unemployment benefits, such that we are cared for if we fall ill and compensated if we 

lose our jobs. This limits the effects of these unfortunate situations to some extend. On top of this, many 

people have insurance policies, either privately or via their employer or pension plan, that covers in the 

event of serious illness. In sum, there are factors in place that should reduce the risk involved when a 

job is lost or one falls ill, but they are still potential risks that should be considered when a mortgage 

loan is obtained. In any case, it may be a good idea to check that all the right insurances are in place, 

such that the household has a buffer in case of an encounter with any of the above-mentioned personal 

risks. 
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Since the housing market bust leading up to the financial crisis, many homeowners have watched their 

equities deteriorate, as property values has dropped dramatically. One example of this is a family that 

purchased a home in 2007, when prices topped. The house had a market value of 2.6 mill DKK at the 

time. Six year later, in 2013 the couple decides to file for divorce, and puts the house on the market. At 

this time, the market value is an estimated 2.2 mill DKK. The difference of 0.4 mill DKK between the 

original purchase price and the current market price is roughly what the owners had managed to pay off 

while they owned the home. Had the market been stable, this would have been their equity. However, 

a year later, in 2014, the house is still on the market and eventually sells for 1.9 mill DKK. Not only has 

the equity been eaten up by a fall in the price level, the owners also end up selling at a loss of 0.3 mill 

DKK. In a market where the market price of housing fell as drastically as it did during the financial crisis, 

it is hard for any household to protect their equity, regardless of their choice of mortgage.  

 

Summary 

This chapter has gone through some of the risks that need to be considered before a mortgage contract 

is signed. I have gone through the risks facing an ARM, contra the risks associated with a FRM. The two 

main conditions that must be considered are in terms of the payment and the equity and how these are 

affected by changes in the term structure and inflation. The ARM holder is unquestionably more exposed 

to such changes. Therefore, this type of mortgage should not merely be seen as a less expensive way to 

finance a home. The risk scenarios must be made very clear for the borrower, why a stress-test or a 

similar consequences analysis should be a supplement to current disclosure requirements.  
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Chapter 4: Mortgage Repayment Scenarios 

In this chapter, I compare different scenarios of mortgage repayments, with respect to mortgage type, 

interest rate level and sales price, as suggested by Jakobsen (1997, 2004). Currently, the disclosure 

requirements, according to good customs of financial institutions, are based on a fixed interest rate level 

throughout the life of the mortgage, regardless of the mortgage type. This is not ideal for comparison, 

because it does not allow borrowers to confront the effects of different term structure scenarios and 

changing sales prices over the life of the mortgage.  

 

Interest Rate Development 

I base the stress test calculations of this chapter on three different interest rate scenarios. These are all 

relatively conservative changes to the term structure, especially considering the changes that have 

occurred in the past.  

As seen by Figure 3 below, between 1999 and 2001, there was an increase in the short-term interest 

rates of a little more than 3%, and in the years leading up to the financial crisis, from late 2005 to late 

2008, the short-term interest rates increased by almost 4% over a 3-year period. However, I want to 

illustrate how payments are affected by even minor changes to the interest rate level, in particular in 

the event of changing sales prices.  

 

Figure 3: Short-term vs. Long-term rates on mortgage bonds 1998-2014 

 

Source: Association of Danish Mortgage Banks, 2014 
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When taking a closer look at the figure, there appears to be a trend, where the higher the interest rate 

level, the more narrow the spread between short-term and long-term rates, while the lower the interest 

rate level, the wider the spread. According to some mortgage choice theories (see for example Campbell 

& Cocco, 2003), a narrow yield spread should induce borrowers to choose a fixed rate mortgage, while 

a wider spread should be an incentive to choose a variable rate. However, approximately 90% of 

borrowers were taking out ARMs during the 2008-2009 period, where the spread between ARMs and 

FRMs were exceptionally narrow. Those who chose to do so have taken quite the ride down the yield 

curve and have made considerable savings on their mortgage payments, with decreasing average short-

term rates in the first 5-year period that followed. I will return to this particular scenario in the next 

chapter.  

If we turn to the present, where the spread is relatively wide (although the spread appears to be 

narrowing down slightly), borrowers are beginning to lock in their rates at the expense of ARM market 

shares. This could indicate that borrowers are recognizing that short-term rates are unlikely to fall 

further. At the same time, the long-term rate on the FRM is also reaching historically low levels, making 

the possibility of locking in one’s rate more attractive. This indicates that it is the general interest rate 

level more than the spread that has affected Danish mortgage choice recently. This makes sense if we 

consider the technicalities of the two mortgage types, as presented in the previous chapter. In a scenario 

where interest rates are likely to fall, which is more likely if the interest rate level is above average, the 

ARM is the better option, because the mortgage payments are likely to decrease in the future as the 

interest rate level drops, while at the same time the potential for building up equity is present. On the 

contrary, when the general interest level is low, then there is a better chance that rates will increase in 

the future. In that event, the FRM becomes the better option, because as interest rates rise, the market 

value of the debt decreases and this creates an opportunity to build equity on this type of mortgage loan 

by refinancing. 

 

Stress-Test Set-Up 

The stress test compares three different mortgages; a 30-year ARM with annual adjustment, an ARM of 

the same type but with a 10-year period of deferred amortization, and a standard 30-year FRM. The 

calculations are based on a housing investment of 1,000,000 DKK. For the simplicity of the calculations, 

I have assumed 100% mortgage credit financing.  
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For the calculations I have used the website, Boligregner.dk, which the Danish company Scanrate (here 

amongst Svend Jakobsen, as a partner at Scanrate) has developed as a means to give mortgage 

borrowers the opportunity to compare optional mortgage types under three standard term structure 

scenarios, using up-to-date coupon rates, contribution fees and market rates.   

The repayment calculations of both the FRM and the ARMs are estimated using a 5-year investment 

horizon. This time frame can easily be changed, but should optimally reflect a realistic holding period. 

According to a report by The Money and Pension Panel (2013: pp. 6), the average mortgage loan is held 

for 5-10 years before the home is either sold off or refinanced with another loan. At the same time, by 

keeping the horizon short, the calculations are kept simple and comprehensible. 

The three standard term structure scenarios used by Boligregner.dk, consists of a base case, where the 

interest rate level stays fixed over the investment horizon, a parallel negative term structure shift of 1% 

and a parallel positive shift in the term structure of 2%. Considering the currently low rates, as illustrated 

by Figure 4, a further decline in the interest rate level would practically lead to negative short-term 

interest rates, why it is unlikely that the general interest rate level will fall much further, also based on 

the fact that we already have negative real rates. Therefore, I find the standard parallel decrease in the 

term structure of 1% applied by Boligregner.dk to be too radical. In my opinion, a decrease of 0.25-0.50% 

would be more suitable. However, the horizon estimates still clearly illustrate the different ways in which 

the ARM and the FRM are affected when the interest rate level drops.  

Boligregner.dk has the smart feature that it automatically applies the prevailing coupon rates of the 

chosen mortgage types. On this ground, the coupon rate of the FRM is 2.5%, while the rate of both the 

amortizable ARM and ARM with deferred amortization is 0.30%. Based on their different risk profiles, 

the three mortgage types are subject to different contribution fees. For the FRM the fee is 0.65% 

annually, while for the ARM and the ARM with deferred amortization it is 0.80% and 0.95%, respectively. 

The post-tax APRs add up to 2.36% for the FRM, 1.02% for the ARM with an instalment-free period, and 

0.97% for the amortizable ARM. The summary results of the three scenarios can be seen in the following 

tables. Table 3 is an overview of the base-case for the three scenarios, while tables 4 to 6 illustrate the 

three term structure scenarios for each of the three mortgage types. For spreadsheets containing the 

complete calculations, see Appendix A.  
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Table 3: Financing Alternatives 

Financing 

Alternatives 

Principal Av. Rate M.V.* 

(Debt) 

Cost Cash PMT  

(Pre-Tax) 

PMT  

(Post-Tax) 

APR 

30Y F1 1,024,000 100 1,024,000 23,800 1,000,200 3,644 3,329 1.38% 

30Y F1 (10Y D.A.) 1,024,000 100 1,024,000 23,800 1,000,200 1,062    705 1.48% 

30Y FRM, 2.5% 1,024,000   99.2 1,024,878 23,800 1,000,643 4,642 3,732 3.47% 

*M.V. = Market Value 

 Source: Scanrate, Boligregner.dk (2014)  

 

From Table 3, we get an overview of the investment depending on mortgage type. To purchase a home 

at a market price of one million DKK, a mortgage loan of 1.024 million DKK is required. This covers the 

cost associated with borrowing, which includes registration, commission and administration fees of 23.8 

thousand DKK, regardless of mortgage type. From the three base-case scenarios, we clearly see the 

difference in payments between the various mortgage types. The cash amount reflects the money 

required by the bank, if the mortgage was to be repaid at time t = 0. The average market rate of the 

ARMs of 100, reflect the annual adjustments that ensures a tight relationship between the market rate 

and the coupon rate. We also see the lower market value of the FRM, which is a result of movements in 

the market rate, while the coupon rate stays fixed.  

Table 4 is an overview of the three term structure scenarios of the amortizable ARM. The lower the 

interest rate level, the smaller the interest payment’s share of the total payment. In the scenario where 

the interest rate level has dropped by 1%, interest accounts for a little more than 12.5% of the total 

payment over the period, while when the interest rate level increases by 2%, the interest payment 

increases to around 40% of the total payment. This is also reflected in the periodic cost figures, which 

are computed by deducting the cash amount at t = 0 from the repayment amount at time t = 5. This 

amount is then added to the total payment over the period. For the first scenario of the amortizable 

ARM, the periodic cost is then: 

196,288 + (859,639 - 1,000,200) = 55.728 

The figure reflects the end result over the period in terms of mortgage costs. The lower the cost, the 

cheaper the mortgage has been over the period. By comparing the three different mortgage types by 

their periodic costs, it is clear to see that the ARMs are less expensive over the period when the interest 

rate level drops, while the opposite applies to the FRM.  
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Table 4: 30-Year ARM with Annual Adjustments 

30Y ARM, Annual Adjustment          

Term Structure Change 
Monthly Payment (Post Tax) End Result, 5-Year Investment Horizon (Post Tax)   

Start End Interest Instalment Payment Debt Avg. Rate Repayment Periodic Cost 

-1% 3,329 3,230 27,182 169,107 196,288 854,893 100.56 859,639    55,728 

0% 3,329 3,305 37,192 162,329 199,521 861,671 100.52 866,158    65,480 

2% 3,329 3,766 88,730 131,328 220,058 892,672 100.45 896,686 116,544 

Source: Scanrate, Boligregner.dk (2014) 

 
Table 5: 30-Year ARM with Annual Adjustments and 10 Years Deferred Amortization 

30Y ARM, Ann. Adj./10Y D.A.          

Term Structure Change 
Monthly Payment (Post Tax) End Result, 5-Year Investment Horizon (Post Tax)   

Start Slut Interest Instalment Payment Debt Avg. Rate Repayment Periodic Cost 

-1% 705    538   34,399 0 34,399 1,024,000 100.34 1,027,501   61,700 

0% 705    766   45,202 0 45,202 1,024,000 100.31 1,027,196   72,198 

2% 706 1,919 100,021 0 100,021 1,024,000 100.31 1,027,126 126,947 

Source: Scanrate, Boligregner.dk (2014) 

 
Table 6: 30-Year FRM 

30Y FRM          

Term Structure Change 
Monthly Payment (Post Tax) End Result, 5-Year Investment Horizon (Post Tax)   

Start Slut Interest Instalment Payment Debt Avg. Rate Repayment Periodic Cost 

-1% 3,732 3,781 102,244 123,510 225,754 911,490 100.18 913,152 138,263 

0% 3,732 3,781 102,244 123,510 225,754 911,490 100.18 913,112 138,223 

2% 3,732 3,781 102,244 123,510 225,754 911,490   87.66 799,053   24,164 

Source: Scanrate, Boligregner,dk (2014) 
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The FRM is most expensive over the period when the interest level either stays the same or drops by 

1%. In both cases, the periodic cost is in the area of 138 thousand DKK. However, when the interest rate 

level rises, the FRM becomes the least costly of the three mortgage types over the period, at just 24 

thousand DKK. This is because the coupon rate of the mortgage is suddenly much lower than the market 

rate when the interest rate level increases, which causes a large drop in the repayment amount when 

the mortgage is settled after the 5-year period.  

 

Property Price Development 

Figure 4 illustrates how the Danish property prices have developed from 1992:Q1 to 2014:Q2, when 

measured as price per square meter. If we use 2000:Q1 as our index year, the price of houses has gone 

up by around 63%, while apartments have doubled in price if we compare with the current price level. 

Between 2003 and 2006 prices grew rapidly, but fell almost just as drastically once the financial crisis 

struck. This change in sales prices over time, reflects that it is unlikely that a property is worth the same 

when it is purchased as when resold. This difference can have a great impact on the end result of the 

investment. Therefore, two different sales price scenarios are also included in the stress test; one where 

I assume the market value of housing has increased by 10% and one where it has decreased by 10%. I 

find these to be reasonable assumptions, considering the 5-year horizon as well as the actual variation 

in property prices over time according to Figure 4. 

 

Figure 4: Development in Price per Square Meter  

 

Source: Danish Mortgage Banks’ Federation (2014) 
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Table 7 illustrates the effects of either a 10% decrease or a 10% increase in the price level of housing.  

Equity is calculated as the value of the investment at the end of the period (either DKK 900,000 or DKK 

1,100,000, depending on whether the market has gone up or down) minus the prepayment amount at 

time t = 5. Here, we clearly see the positive effects of amortizing, which creates an equity buffer in the 

event of deflation in property values. The holder of an ARM with deferred amortization comes out with 

a loss in equity of around 127 thousand DKK, regardless of how the term structure behaves over the 

period, because no instalments are paid over the investment horizon – only interest expenses are paid. 

If we add the periodic costs to the equation, it is an expensive mortgage contract in the event of falling 

property prices. The ARM comes out on top in this scenario, as it amortizes the most over the period 

due to its lower interest payments.  

 

Table 7: Impact on Equity from Property Price Decrease or Increase of 10%  

Equity 30Y ARM, Annual Adjustment 30Y ARM, Ann. Adj./10Y D.A. 30Y FRM 

Term Structure 
Change -10% 10% -10% 10% -10% 10% 

-1%           40,361            240,361   -127,501       72,499      -13,152     186,848  

0%           33,842            233,842   -127,196       72,804      -13,112     186,888  

2%             3,314            203,314   -127,126       72,874     100,947     300,947  

Source: Scanrate, Boligregner.dk (2014) and own origination 

 

If instead the housing prices increase over the period, the ARM also manages quite well because of its 

higher level of amortization, but with respect to periodic costs, the end result is best in the event of a 

drop in the interest rate level. However, the FRM is the obvious winner in the event of 10% inflation, 

because this will result in equity above 300 thousand DKK, while at the same time the periodic cost 

under these circumstances is just 24 thousand DKK. 

It should be noted that the calculations are strongly simplified when 100% mortgage credit financing is 

assumed. Since only 80% of the sales price can be financed by a mortgage loan, the remaining 20% must 

be financed either by the household itself or via a bank loan, which is considerably more expensive than 

the mortgage loan. This naturally affects the calculations. The greater the down payment the borrower 

can bring to the table at the time of origination, the greater the buffer against interest rate increases 

and deflating property prices, while the opposite applies if the property is fully financed by the bank and 

the mortgage credit institution.  
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Summary 

Overall, the three interest rate scenarios of this chapter illustrate that the superior mortgage loan does 

not exist. Instead, the optimal mortgage choice will depend on the changes in the interest rate level and 

the market value of housing over the investment period. Unfortunately, at the time of mortgage 

origination, we cannot say anything about the future interest rate level or property prices. We can only 

attempt to make qualified guesses. This is why a stress test is such a useful tool. It gives the borrower 

an opportunity to see how much he or she has paid along the way, as well as how much equity has been 

build up (or lost) when the mortgage is settled, depending on mortgage choice, the interest rate level 

and the development in the sales prices of properties. 
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Chapter 5: Riding the Yield Curve 

As mentioned in the former chapter, there is an opportunity to ”ride on the yield curve” over the 

investment period and thereby minimize the cost of borrowing, but the strategy is only effective if the 

term structure changes over the investment horizon, why the investor must expect such changes in 

order to actively pursue this strategy. The method can be used by bond investors and housing investors 

alike. However, my angle will be from the household’s perspective.  

I will illustrate the strategy with an actual example, by comparing a household that obtained an ARM in 

January 2009, where the market share of ARMs were close to 90% and short-term interest rates were in 

the 5% level, with a household that obtained a FRM at the same time. Hereby, I can show that for the 

risk-neutral investors, who time their housing investment just right, there are considerable savings to be 

made. However, at some point, when market rates stop declining or has declined to a level where there 

are no potential for further decreases, this strategy no longer holds. If at this point interest rates are 

expected to increase in the future, the best option may be to spend some of the savings made from the 

trip down the yield curve, on converting to a fixed rate mortgage. If the general interest level has fallen, 

the household may be lucky enough to lock in at a low rate.  

 

The Scenario 

For the analysis I will look at a 30-year ARM with annual adjustments and a 30-year FRM. Both are 

amortized after the annuity principle. The rate on the annually adjustable ARM is determined for the 

following year via an auction, where the bonds are available for investors to bid on during the course of 

a week in the end of November (Nordea, 2014). The average rate of the bids is computed once the 

auction ends, and this then determines next year’s rate. I have therefore based my calculations of the 

ARM rate on the weekly rate in the second last week of November (week 47) from the dataset of 

mortgage rates, which stems from the Association of Danish Mortgage Banks. I use the FRM rate from 

the same week, under the assumption that the rate is locked in one month before the mortgage is 

obtained. At this time in 2008, short-term rates were showing early signs of having peaked, after the 

average rate reached 5.87% in week 44, the highest short-rate level since 2001 (Association of Danish 

Mortgage Banks, 2014).  

For the sake of the analysis I will keep the FRM rate fixed over the period, to show the two extremes, 

although it would have made sense from an FRM-holders perspective to refinance during the period in 
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order to decrease monthly payments. See Table 8 below for the rates applied in the analysis. The rates 

are shown without including contribution fees and are annual, why they must be divided by four to get 

the quarterly rates. I base the analysis on an investment sum of 1 million DKK. That way the reader can 

simply add up to get an understanding of the savings on a larger investment over the period.   

The scenario for the strategy of riding the yield curve is based on the assumption that the household 

consists of a couple. This has an effect on the tax deduction of the interest rate payments, as there is a 

33% tax deduction of interest expenses up to a limit of DKK 100,000 for couples and 50,000 for singles 

according to Danish taxation. Beyond this amount, the tax deduction is reduced according to the Danish 

tax reform of 2010. This states that interest expenses beyond these limits will be reduced by 1% annually 

from 2012 to 2019, from 33% in 2011 to 25% in 2019 (Statistics Denmark, 2014: pp. 10). This however, 

does not affect the calculations of my scenario, because the relatively low investment sum of DKK 

1,000,000 causes the annual interest expenses to be well below the DKK 100,000 limit, but the DKK 

50,000 limit for singles is crossed, why it makes sense to base the investment scenario on a couple.   

 

Table 8: Average Rates over the Investment Period 

Year 2009 2010 2011 2012 2013 2014 

ARM rate 4.83 1.86 1.44 1.18 0.30 0.19 

FRM rate 7.03 7.03 7.03 7.03 7.03 7.03 

Actual FRM rate 7.03 5.26 4.37 4.28 3.47 3.55 

Source: Association of Danish Mortgage Banks (2014) and own origination 

 

For the analysis, I use the current contribution rate of 0.9% and add a margin of approximately 0.25% to 

account for various administrative that applies to ARMs. The corresponding contribution rate for FRMs 

is 0.65%.  

To keep the calculations simple, I assume the market value of the ARM to be equal to 100 at the time of 

the annual coupon rate adjustments, due to its continuous adjustment to the market interest rate. For 

the FRM, the fall in the market interest rate over the period as compared to the fixed coupon rate, will 

cause this mortgage type to be callable at a market value of 100 at the end of the investment horizon. 

Thereby, I do not need to consider mortgage market values in the computations. 
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FRM Payments 

For the FRM, the calculations are simple. Based on the average rate for an FRM in November 2008 of 

7.03%, we can use a 7% coupon rate as our start-out point. Adding the contribution rate on top, we 

reach a rate of 7.65, and if we add to that the various costs connected with obtaining the mortgage as 

well as the market value of mortgage, I find it safe to assume a rate of 8% in connection with the FRM. 

If we then assume quarterly payments over six years, there are 24 terms, out of a total of 120 (30 years 

x 4 terms). The quarterly payment, y, which consists of both interest and instalment is DKK 22,048.1 

based on the following calculation: 

 y = RG0 * (R / (1 - ((1+R)-n))),  

where RG0 = DKK 1,000,000; R = 8%; and n = 120). From this quarterly payment we must establish the 

interest expenses in order to deduct taxes. See Appendix B for spreadsheets containing the full 

calculations. At the end of the period, the holder has paid interest expenses of 466,847.4 DKK before tax 

and 312,787.7 after tax, while the debt has been reduced to 937,693.1 DKK: 

RG24 = y * ((1 - ((1+R)-(n-t)) / R),  

where t = 24, which only accumulates to equity of DKK 62,306.92. From Figure 4 in the previous chapter, 

which traces the development in market prices of housing, we can estimate the market value of the 

property at the beginning and end of the investment horizon. From the figure, we see stable 

development in the market prices of houses, while the market prices of apartments have improved 

slightly over the period. This indicates that the outcome of the investment is best, if the investment 

concerns an apartment, because this would have contributed to the owner’s equity.  

ARM Payments 

With respect to the ARM, the calculations are a little more tricky, because the rate changes every year. 

Hence, it is only possible to estimate the quarterly payments one year at a time. The first year, quarterly 

payments before tax are DKK 18,018.52, then they fall drastically the second year, as the rate is nearly 

cut in half from 2009 to 2010, such that the payment is DKK 12,938.03. The following years, the quarterly 

rate falls more evenly and reaches a level of DKK 11,798.95 in the final year. Accumulated interest 

expenses are DKK 160,503.5 before tax and 107,537.3 after tax, which is approximately one third of the 

accumulated interest expenses after tax of the FRM over the period. At the same time, the accumulated 

repayments amount to DKK 157,268.7, such that the debt at the end of the 24 terms is DKK 842,731.3. 

Table 9 on the following page sums up the difference between the two mortgages over the period.  
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Result of the Stress Test 

It is evident, that the ARM holders have saved a considerable amount from their strategy. They have 

paid a staggering DKK 205,250.4 less in interest expenses after tax than their fellow investors who 

obtained a FRM. At the same time, due to the difference in the timing of the payments between the two 

mortgage types, the ARM-holding household has also managed to bring down the debt by DKK 94,961.65 

more than the FRM holders have. The total gain of the ARM holding household from “riding the yield 

curve” over the period is the excess accumulated repayment over the period, plus the savings in 

accumulated interest expenses as compared with the FRM. In total, the gain from the strategy compared 

with the FRM amounts to DKK 300,212.1. This accounts for just over 30% of the initial loan balance of 

DKK 1,000,000, and is a considerable amount to save over a 6-year investment horizon.   

 

Table 9: Overview of End Result from Riding the Yield Curve 

Source: Own origination (2014) 

 

From an analytical perspective, it would be interesting to see the situation reversed, such that we start 

from the 2014 rates and move backwards. This interest rate scenario is not an unlikely future scenario, 

with the prevailing low rates. That way, we get to see the opposite effect, where the ARM becomes 

more and more expensive over the period, while the fixed rate remains historically low, such that the 

FRM-holder comes out on top. However, I have already illustrated the effects of an increased interest 

rate level for the two mortgage types in the previous chapter, why I will not go into further detail with 

this reversed scenario. 

Although I did mention at the beginning of the chapter that riding the yield curve is a strategy that can 

be followed in the anticipation of changes to the term structure, chances are that for most households, 

a mortgage timing strategy is likely to be a struck of pure luck, rather than an actual strategic plan, since 

future interest rates cannot be predicted.  

Mortgage 

Type 

Initial Loan 

Balance 

Final Debt Acc. Interest  

(Post Tax) 

Accumulated 

Instalments 

Quarterly Payments 

(Post Tax) 

Rate 

Start End 

FRM 1,000,000 937,693.1 312,787.4 62,306.9 15,448.10  15,838.01 8% 

ARM 1,000,000 842,731.3 107,537.3 157,268.7 13,068.52 10,850.42 1.35% – 6% 

Difference 0 94,961.7 205,250.4 94,961.7 2379,58 4987,59 2% – 6.65% 
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Summary 

In this chapter, I have evaluated an investment strategy of riding the yield curve over the period from 

2009 to 2014, which was characterized by dramatic drops in the interest rate level. By comparing this 

strategy with a FRM-holding strategy over the same period, I was able to illustrate the strength of the 

ARM in an interest scenario where rates are continuously falling. 
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Chapter 6: Term Structure 

In this chapter, I will take a closer look at term structure theory and the Danish term structure. I will first 

describe the yield curve and the different interest rates that relates to it, such as the zero-coupon rate, 

the forward rate and the yield to maturity. I will then turn to a short description of the various term 

structure theories, such as the expectations hypothesis, the rational expectations theory, the constant 

liquidity premium and a time-varying term premium theory. Next, I will illustrate yearly movements in 

the Danish zero-coupon yield curve from 2002 to 2014, to assess how and why it has changed in terms 

of level and shape over the period. I will use the findings on term structure from this chapter in my 

further analysis on mortgage choice. Also, the findings are used to explain my decision to apply the 

Household Decision Rule to investigate the link between mortgage choice and term structure.  

 

Term Structure Theory 

The term structure is important from an analytical perspective, because it gives investors, credit 

institutions and borrowers a snap-shot of current yields, while it indicates in which direction interest 

rates are expected to move in the future (Shiller, 1990: pp. 631). It is also a necessary input when 

modeling interest rate grids for the estimation of bond prices. From the zero-coupon rates, which are 

the rates on short-term bonds that pay no coupon such as Treasury Bills, we can determine forward-

rates, which are the rates that are required by an investor from investing in for example a 3-year bond, 

instead of rolling over the investment in three 1-year zero-coupon bonds. For the sake of an arbitrage-

free environment, which is what bond pricing theory is based on, there should be no difference in terms 

of return between these two investment strategies (Shiller, 1990: pp. 634). 

The Yield Curve 

The yield curve illustrates the relationship between the interest rate level and the time to maturity. Any 

point on the curve combines the time to maturity of a given bond with the yield on that bond. In 

Denmark, we currently have a normal term structure, with short-term rates below medium- and long-

term rates (see Figure 5 on the following page). This yield curve pattern is the most common, as opposed 

to a flat term structure, where short-, medium- and long-term rates are almost the same, or an inverted 

term structure, where long-term rates are below short-term rates. According to research, the term 

structure follows a normal pattern around 87% of the time, while it is flat 10% of the time and inverse 

around 3% of the time (Østergaard, 2001).  
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The yield curve indicates how much a bond investor expects in return for lending out money. Interest 

rates can potentially rise over the life of the loan, and this risk increases with the time to maturity, 

because the longer the investment horizon, the higher the uncertainty. That is why the rates on long-

term loans are normally higher than the rates on short-term loans. Another reason for this difference 

between short- and long-term rates is the potential of borrowers defaulting on their loans. If the time 

to maturity is long, the chance of default is higher than if money is tied up for a shorter period of time. 

Hence, the borrower pays a risk premium to the lender on long-term investments. This is in accordance 

with liquidity premium term structure theories based on rational expectations (Christensen, 2009: pp. 

68-69). The premium can be thought of as an insurance fee for the extra security for the borrower contra 

the added risk for the lender, when the time to maturity is long.  

Zero-coupon Bonds 

Normally, the term structure is based on nominal interest rates on default free, pure-discount bonds, 

namely Treasury Bills for short-term rates and Treasury Bonds for long-term rates (Ross, Westerfield & 

Jordan, 2006). In Denmark we have very limited access to zero-coupon bonds. Therefore, it is not 

possible to determine the zero-coupon term structure based on market prices alone. Instead, synthetic 

zero-coupon bonds can be created based on ordinary coupon bonds (Christensen, 2009: pp. 60). The 

zero-coupon rates I use in my analysis are based on market prices of regular bonds. They originate from 

the financial database Datastream, where they have been synthetically estimated using a cubic splines 

approximation (Datastream, 2014).  

The zero-coupon rate is different each period, but is the same for all bond payments that fall due in a 

specific period, contrary to the yield to maturity on a bond, which can be interpreted as the mean rate 

over the life of the bond, and which is fixed until maturity but differs from bond to bond (Christensen, 

2009: pp. 60-61).  

When the yield curve slopes upwards, forward rates exceed spot rates, indicating that the bond market 

expects interest rates to increase. The forward rate is the periodic rate that is valid in between payments 

and binds together all the zero-coupon rates. If we take the average of the forward rates up to a time t, 

we approximately get the zero-coupon rate at time t. The reasoning behind this is that the annual return 

on an investment in a t-year bond must be the same as t investments in 1-year bonds. Otherwise, there 

is an arbitrage opportunity (Christensen, 2009: pp. 64).  



39 
 

Figure 5 below shows the Danish zero-coupon yield curve on September 30th, 2014 and is based on zero-

coupon rates from Datastream. From these rates, I have calculated the forward rates, and the forward 

rate curve has been added to the figure. The calculations can be seen in Appendix C.  

 

Figure 5: The Zero-coupon Yield Curve and Implicit Forward Rates (September 30th, 2014) 

 

Source: Datastream (2014) and own origination 

 

When the term structure increases with time to maturity, the forward rate is greater than the zero-

coupon rate at any time t, up to the point where the zero-coupon curve has its maximum value. Here, 

the forward rate curve will intersect the zero-coupon curve, as illustrated by the figure. Should the term 

structure be flat, the two curves will be flat as well, and coincided along with the yield to maturity. If the 

term structure is inverse, such that it decreases with time to maturity, zero-coupon rates will be above 

forward rates down to the point where the zero-coupon curve has its minimum (Christensen, 2009: pp. 

64-65).  

Expectation Hypothesis 

Based on the no-arbitrage argument mentioned above, the expectation hypothesis builds on the 

relationship between the zero-coupon rate and the forward rates, without taking default risk, 

convertibility and call provisions, or other special features into consideration (Shiller, 1990: pp. 629). 

This is term structure theory in its purest form. 
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The theory states that the computed forward rate will be equal to the expected future 1-year spot rate. 

In this way, expectations determine the shape of the term structure (Christensen, 2009: pp. 67). The 

forward rate at time t = 0 is always equal to the 1-year zero-coupon rate, which is known, such that the 

two curves emerge from the same starting point (see Figure 5). This is intuitive, because the holding 

period is the same for the two opposing investment strategies (either holding or rolling over at the short-

rate) at this point.  

When the term structure rises with time to maturity, the market expects the short-term 1-year spot 

rates to rise. Bond investors will then prefer to invest in short-term maturities to gain from the expected 

development in rates. In the same way, when the term structure is inverse, that is, when the term 

structure falls with time to maturity, the market expects the rates on short-term maturities to fall, which 

creates a replacement risk and makes longer-termed investments more attractive for bond investors 

(Christensen, 2009: pp. 67).  

However, the expectation hypothesis in its purest form has been criticized for its inability to explain 

time-variation in excess returns. Therefore, more recent versions of the model has included the 

assumption of rational expectations. In his work on term structure from 1990, Shiller writes: “According 

to the rational expectations theory of term structure, n-period interest rates are a weighted moving 

average of one-period interest rates plus a constant term premium” (Shiller, 1990: pp. 658).  

In their paper on the predictive power of yield spreads, which reflect the slope of the term structure, 

Engsted and Tanggaard (1995) show how the classical expectation hypothesis of the term structure with 

constant term premia holds under rational expectations for the period 1976:1 to 1985:7. Over that 

period, they find a correlation coefficient very close to one between a theoretical yield spread and the 

actual spread. At the same time, the authors find a very low correlation coefficient for the period from 

1985:8 to 1991:12, indicating low predictive power of the chosen term structure theory for this period. 

The explanation, according to the authors, can be found in the policy followed by the central bank at the 

time. In the former period, the monetary policy followed evolved around money supply targeting, while 

the latter period’s policy was characterized by interest rate targeting. The shift from one policy to the 

other happened exactly in August, 1985. This change in policy made changes in interest rates 

unpredictable, instead lending credibility to time-variance in term premia as the source of changes to 

the slope of the term structure (Engsted & Tanggard, 1996: pp. 154).    
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On this basis, it makes sense to investigate the predictive powers of the term structure on the mortgage 

choice decision of Danish households by applying a term structure theory that is based on time-variance 

in term premium, also referred to as risk premium. Such is theory is applied in the work of Koijen et al. 

(2009).  

 

Development in the Danish Term Structure 

Different factors affect the two ends of the term structure. With respect to short-term rates, which are 

rates on maturities from 3 months to 2 years, the interest rate level can be influenced by political and 

economic instability, exchange rate crises and by actual and expected interest rate manipulation by the 

Central Bank (as described in the previous section). The long-term rates, on the other hand, are typically 

influenced by economic growth or -slow-down and inflation. These rates cover maturities of 10 years 

and above (Østergaard, 2001).  

Based on the zero-coupon rates acquired from Datastream, it is possible to graphically depict the Danish 

term structure’s development over the past 12 years. From Figure 6 it is clear that the term structure 

has changed over the years. There is an obvious division between the very short end, for rates with 

maturities below one year, and the rest of the term structure. For maturities of one year and beyond, a 

more even curve emerges.  

Based on the shape of the curve, shifts in the term structure have been fairly parallel since 2009. During 

2007/2008, we see the impact of the financial crisis, with short-term rates above long-term rates and a 

very flat yield curve for maturities above two years. We can also see how the curve shifts dramatically 

in the years prior to and during the financial crisis. In the years before 2004/2005, the shifts in the curve 

appear to be fairly parallel, such as they have been from 2009 and onwards. This indicates that when 

markets are stable, the shifts in the term structure are also stable and relatively parallel, but when the 

market situation is unstable, shift in the curve become more unpredictable. 

Another development that is easy to spot from the figure is the drop in the general interest rate level 

over the past decade. In 2002, we had long zero-coupon rates in the 5-6% range, while the short end of 

the term structure where in the 2-3% range. During 2007 and 2008, rates at the short end were up above 

5%, while the mid- to long-term rates where flat at around 4-5%. From 2008 to 2009, there was a large 

drop in the short-term rates. The 1-year rate dropped from just above 5% to around 2.6%. This drop was 

also reflected in the previous chapter, where the benefits of riding the yield curve for a household who 
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chose an ARM in 2009 were illustrated. The long-term rates stayed in the 4-5% range. The spread has 

been relatively stable since, with a tendency towards lower rates all along the term structure. In 2014, 

short-term rates are in the 0-1% range, while the long-term rates are in the 2-3% range. Although the 

figure only covers a period of 12 years, it is clear to see that rates are currently extremely low. If the 

figure covered a much longer period, it would be apparent that both short and long rates are, in fact, 

historically low. 

 

Figure 6: Danish Term Structure 2002-2014 

 

Source: Datastream (2014) and own origination  
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Summary 

Depending on the stability of the economic and political environment and the ability of the Central Bank 

to control the short-term interest rates, as well at the impact of booms and busts and the inflation level 

on long-term interest rates, the term structure directly affects the mortgage bond market and its players.  

The Central Bank of Denmark has had a strong focus on short-term interest rate control in recent years, 

and from the results of Engsted and Tanggaard (1995), we learned how this lends credibility to a term 

structure theory of rational expectations with time-variance in risk premia.  

For Danish households it influences mortgage choice behavior when the term structure changes. This 

will be the focus of the next three chapters.  
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Chapter 7: Introducing the Household Decision Rule 

The household decision rule (hereafter, referred to as the HDR) is a utility framework developed by 

Koijen et al. (2009) that links the term structure of interest rates to mortgage choice. The rule stipulates 

that the long-term bond risk premium is a theoretical determinant of mortgage choice, more so than 

the yield spread or the long-term yield. But what, then, is the long-term bond risk premium and how is 

it measured? In this chapter, I will introduce the concepts of the model and briefly summarize the results 

obtained by Koijen et al. when the model was tested on U.S. mortgage market data. 

 

The Theory behind the Model 

To understand the optimal mortgage choice for households, the model adopts the concepts of risk-

aversion and lifetime utility. The model assumes that households are identical, except in their attitude 

towards risk. At one end of the scale, we have the risk-averse investor, who will pay a premium in order 

to know its future payments in advance, while at the other end we have the risk-neutral investor, who 

will take on the risk of variability in the interest rate in the anticipation of lower expected payments. 

With respect to the household’s lifetime utility, the model assumes that investors seek to maximize 

consumption, such that in each period, the household consumes what is left of their income once the 

mortgage payments have been made but at the same time, households are borrowing-constrained, such 

that they cannot hedge their position on the mortgage market (Koijen et al., 2009: pp. 297). 

Theoretically, whenever the expectations hypothesis of the term structure of interest fails to hold, such 

that the long-term yield is not equal to an average of current and future short-term yields, there is an 

arbitrage opportunity. Thereby, an investor can earn a premium by investing long in a long-term bond 

while selling short in the short-term bonds. This earned premium is the long-term bond risk premium. 

Taking both positions, the investor does not have to know in what way interest rates will move in order 

to make a profit.  Such trades are “market neutral” in the sense that they are not dependent on the 

market going up or down in order to make a profit (Koijen et al., 2009: pp. 293). 

The typical household is borrowing constrained, why hedging is not an option for them and they can 

therefore only take up one position in the market. Since housing is an investment that fulfills the basic 

needs for shelter and a common base, the long position is necessarily most ideal from the household’s 

perspective. This leads to a situation where the household must choose between different mortgage 

products. There are endless possibilities, but essentially the main question for the household is whether 
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to choose a mortgage where the rate can be locked in until maturity or one that allows the rate to 

fluctuate over the life of the mortgage. Basically, they must choose between a FRM and an ARM.  

There are different approaches in the literature as to how the term structure can be used as an indicator 

of mortgage choice. The innovation in this model compared to existing mortgage choice models is that 

it allows the market prices of risk, measured by the long-term bond risk premium, to be time-varying. 

See Appendix D for details of the calculations and assumptions behind the model. 

 

Indicators of Mortgage Choice 

In this section, I will go through the various indicators of mortgage choice used by Koijen et al. (2009) 

according to Table 10 below, in order to describe how they differ from each other. 

 

Table 10: Overview of Mortgage Choice Indicators 

*Proxy for theoretical bond risk premia 

Source: Koijen et al. (2009) and own origination 

 

Theoretical Bond Risk Premia and the HDR K-value 

The theoretical long-term bond risk premium, also known as the term premium, is the difference 

between the current long yield and an average of the current and expected future short yields over the 

contract period. Both conceptually and empirically, the long-term bond risk premium differs from the 

long-term yield and the yield spread (Koijen et al., 2009: pp. 293). Nevertheless, contrary to the figures 

used to determine the long yield and the yield spread, the expected future short-term rates cannot be 

observed directly in the market. They need to be estimated, and this is a complex procedure that 

involves many uncertainties, why the average household does not have the ability to predict these rates 

on their own.  

Mortgage Choice Indicator Definition 

Theoretical Bond Risk Premia Current Long Yield – Average of Current & Future Expected Short Yields 

HDR, K-value* Current Long Yield – Average of Current Short Yield & Short Yields of Recent Past 

Yield Spread Current Long Yield – Current Short Yield 

Long Yield Current Long Yield 
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The idea behind the HDR, is that the long-term bond risk premium, which works as an indicator of 

mortgage choice, is replaced by a figure that is backward-looking instead of forward-looking, such that 

the data required in order to approximate the bond risk premium can be directly observed in the market.  

A household in the process of purchasing a home needs to choose between a FRM and an ARM, as the 

two extremes in a wide range of mortgage products. With the FRM, all future payments are known in 

advance, because the payments are constant and linked to the interest rate at the time of origination. 

The ARM, on the other hand, has payments that depend on the future development in short-term rates, 

why they are impossible to predict (Koijen et al., 2009: pp. 295).  

The HDR assumes that a household, being financially unsophisticated, will use an average of short-term 

rates from the recent past in order to estimate what it expects to pay on the ARM. In this way, the 

household uses the difference between the long-term interest rate and an average of recent short-term 

rates as a proxy for the long-term bond risk premium (Koijen et al., 2009: pp. 295). The mortgage choice 

then depends on the difference between these two figures, which is referred to as the K-value. If the K-

value is large, the risk premium is high, meaning that the long-term rate is relatively high compared to 

the short-term average, in which case the ARM becomes the more attractive alternative. If the HDR 

returns a small K-value, the risk premium is low, and the added securities of fixed payments and an 

embedded call option of the FRM comes at a low cost, why the FRM becomes the preferred mortgage 

product. This is the theory behind the HDR. Quoting Koijen et al. (2009: pp. 293): “Simply put, it [the 

HDR] models risk-averse households that trade off the expected payments on a FRM and an ARM 

contract against the risk of these payments”. I discussed the respective risks of the two mortgage types 

in Chapter 3.  

The Long Yield 

It should be intuitive why the long yield is a poor indicator of mortgage choice. Basically, as an 

independent figure, the long-term yield alone does not provide any information about the relationship 

between the long-term and the short-term yield and therefore it does not help households make an 

informed choice between different mortgage contracts.  

It has, however, been credited in the literature as being a theoretical indicator of mortgage choice. 

Vickery (2007b) illustrates how a small percentage increase in the interest rate of a fixed rate mortgage 

accounts for an almost equivalent-sized drop in the market share of FRMs. Still, although the figure may 

be useful in determining what happens to the market share of the FRM, it is questionable whether this 
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directly translates into an opposite movement in the market share of the ARM, as the rate of the ARM 

can move independently of the rate of the FRM. Hence, the problem with the long yield is that it contains 

no information about the difference in expected payments between the two contracts.   

The Yield Spread 

The yield spread is one of the key metrics used by bond investors to determine how expensive or cheap 

a particular bond is. It is the difference in yield between two bonds, so if for example one bond yields 

4% and another yields 2.9%, then their spread is 1.1 percentage points or 110 basis points. The spread 

between short-term and long-term yields reflect the slope of the yield curve. 

In the U.S., non-treasury bonds, such as mortgage- and corporate bonds, are generally evaluated in 

terms of their spread with the yield on the U.S. Treasury bond of a comparable maturity, as the latter is 

seen as a risk-free investment. The yield spread is also used to compare the yield advantage of securities 

with different maturities, such as long-term vs. short-term bonds. As bond yields are constantly 

changing, so too are their yield spreads, which can widen or narrow down. Nevertheless, although they 

vary over time, they are only a reflection of current rates and therefore they do not take past or future 

expected rates into consideration. 

Campbell and Cocco (2003) have pointed to the yield spread as an indicator of mortgage choice: “Thus 

our model implies that homeowners should respond to the yield spread between FRM and ARM mortgage 

rates, which is driven by the yield spread between long-term and short-term bond yields. When the yield 

spread is unusually high, more homeowners should take out ARMs; when it unusually low, more 

homeowners should take out FRMs” (Campbell & Cocco, 2003: pp. 1453).  

What Campbell and Cocco are insinuating is that the difference, or spread, between the rate of the ARM 

and the FRM should predict mortgage choice. Therefore, by calculating the yield spread and graphically 

depicting it, we should be able to tell when the household will tend to choose an ARM over a FRM and 

vice versa. When our calculations return high spreads, the FRM is relatively more expensive and the 

ARM should be the more attractive option while, when spreads are low, the FRM is relatively less 

expensive and should be preferred over the ARM. 
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The Results of the U.S. Model 

In this section, I will briefly go over the results generated by Koijen et al. (2009) when thesting the HDR 

on various treasury- and mortgage yields. Firstly, the results of the HDR will be presented and secondly, 

the results from the HDR are compared with the results from testing the yield spread and the long yield 

on the same data. 

The HDR was originally tested on the four different yield datasets listed here, which all returned strong 

correlations with the development in the ARM share. 1) Current and past rates of treasury bills and 

treasury bonds; 2) forward-looking data generated from a vector-autoregressive term structure model; 

3) forward-looking data from the Blue Chip Financial Board; 4) Current and past rates of 30-year annually 

adjusted ARMs and 30-year FRMs. The research covers the period from December 1989 to June 2006. 

 

Figure 7: Household Decision Rule and U.S. ARM share 

 

Source: Koijen et al. (2009) 
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The HDR Results 

When the model was originally tested by Koijen et al., the strongest results came from combining U.S. 

Treasury yields with the development in the ARM market share over time. Figure 7 above illustrates the 

HDR as expressed by the current 5-year Treasury bond yield and a 3-year rolling average of the 1-year 

Treasury bill yields, reflected by the red dotted-line, and the monthly ARM share development, reflected 

by the blue line. It is clear that the two figures have a very strong correlation. The actual correlation 

coefficient is 0.81, or 81%. 

What can also be seen from the figure, is the change in co-movement from 2004 and onwards. According 

to the authors, this was caused by extraordinary inflation in the market prices of housing. In this way, 

the weakening in correlation at this time is interpreted as the early signs of the housing bubble. Research 

in the field of housing bubbles, has shown that extraordinary price increases of housing can cause 

households to stray away from traditional mortgage choice indicators. 

In line with this, the theory of Furlong and Takhtamanova (2012) also predict that we should see negative 

or very low correlation in the years leading up to the financial crisis, if we look at the U.S. data. The 

reasoning behind this is that in high appreciation markets, households tend to hold their mortgages only 

briefly before refinancing. When prices on residential real estate are going up, such as they did in the 

years leading up to the financial crisis, homeowners will purchase a home with the expectation of making 

a profit on a future sale. The home will be resold at relatively shorter intervals than in a market where 

prices are stable, as the household must act before the market stagnates in order to realize the profit. 

Consequently, the impact of interest rates become relatively less important in a market with high price 

appreciation.  

The Results of Alternative Mortgage Indicators 

In Figure 8, the results obtained by Koijen et al. from testing the model on various datasets, as well as 

the long yield and the yield spread, have been summarized in terms of their correlation coefficients, to 

illustrate how the HDR performs compared to both the long yield and the yield spread when tested on 

U.S. mortgage data.  

On the left-hand side, the results from testing treasury yields are shown, while the right-hand side shows 

the results from testing mortgage yields. The blue beams shows the resulting correlation coefficients 

from applying different look-back periods, the red solid line shows the result from applying the yield 

spread and the red dotted line shows the result from applying the long yield. The strongest result for 

the Treasury yields is found when combining the 5-year Treasury bond (as the long-term rate) with a 3-
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year look-back period of the 1-year Treasury bill (as the short-term rate). For mortgage rates, the result 

becomes strongest when the FRM rate is held up against the 2-year look-back period of the ARM rate. 

Both tests return correlation coefficients above 0.8, compared to coefficients below 0.4 for the yield 

spread and the long yield. When tested on Treasury yields, the long yield even returns a negative result. 

However, the result is very close to zero, which indicates that the ARM share development and the long 

yield are not correlated at all.  

 

Figure 8: Correlation Coefficients of Treasury Yields and Mortgage Rates 

 

Source: Koijen et al. (2009) 

 

Summary 

This chapter has introduced the theory behind the HDR and the results obtained by Koijen et al. (2009) 

when testing the model on ARM shares, treasury yields and mortgage rates. These results were 

compared with the results that the authors obtained from testing the mortgage choice prediction of the 

yield spread and the long yield on that same data. The HDR was found to outperform both the long yield 

and the yield spread in terms of predicting the aggregated mortgage choice of U.S. households. 
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Chapter 8: Testing the Household Decision Rule 

In this chapter, I will go through my findings from testing the HDR on Danish yields and mortgage data. 

I will start with a discussion of the adjustments I have made to the model in order to test it on Danish 

data and then briefly describe the samples used to test the model. I then move on to the results 

generated from testing the model. First, in terms of determining the K-values and secondly in terms of 

the correlation coefficients between K-values and the market shares of ARMs and FRMs. To test the 

statistical fit of my findings, I run regression analyses of the results in order to determine which 

combination of yields that best describes the Danish development of the market shares of ARMs and 

FRMs over the period of investigation.. 

 

Adjusting the Model 

In this section, I will go through the adjustments I have made to the model, in order to adapt it to a 

Danish setting and furthermore I will discuss some of the conditions that are present, which may affect 

my results.  

One of the biggest setbacks in applying the method used by Koijen et al. (2009) to Danish mortgage 

market data, is the apparent lack of observable zero-coupon rates. In the U.S., the model can be easily 

adapted from applying Treasury yields to applying mortgage yields, while still generating similar results, 

because mortgage yields are founded on Treasury yields, why these two data-sets are strongly 

correlated. Furthermore, Treasury yields are updated daily, such that households can visit the website 

of the U.S. Department of the Treasury and see prevailing and past yields of any maturity from 1 month 

to 30 years on a day-to-day basis. We do not have that opportunity in Denmark, because we only have 

a few short-term zero-coupon bonds available on the market, which is far from sufficient to base a term 

structure on.  

My solution to this obstacle was to find an alternative dataset to base the analysis on. I found this in the 

form of synthetically generated zero-coupon rates, as discussed in Chapter 6. The downside to using this 

dataset as opposed to actual zero-coupon rates is that these rates are not directly observable by 

households in the market. Furthermore, the cubic splines approximation applied by Datastream to 

derive at the zero-coupon rates can differ from the approximation applied elsewhere, why there will 

tend to be discrepancies between artificially estimated zero-coupon rates from different sources.  
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Another important issue to consider is that Danish mortgage yields are not based on such artificially 

estimated term structures of zero-coupon rates, why there is a much weaker relationship between my 

two yield datasets, than between the two datasets applied by Koijen et al. (2009). When holding the two 

datasets up against each other, their correlation coefficient is 0.73, while it is close to 1 for the U.S. data. 

Optimally, the model should be tested on Danish swap rates instead, as mortgage rates are in fact 

derived from these. However, swap rate data is available only from 2008 and onwards, why I found this 

dataset too narrow to apply in the analysis.   

In the previous chapter, I showed how the results of Koijen et al. (2009) in applying Treasury yields on 

the development in the ARM share became less correlated from year 2004 and onwards, due to the 

blurring effect of the extraordinary price appreciation on housing. My datasets covers the whole 

financial crisis and the years leading up to it, why my results could be strongly influenced by a longer 

period of time where the predictive power of the term structure is diminished, due to extraordinary 

fluctuations in the price level of housing. I hope to be able to illustrate graphically if this is in fact the 

case. 

A final remark in relation to model adjustments is the fact that the intervals in my datasets are quarterly 

instead of monthly, which I have also touched upon in a previous chapter. There are two weaknesses to 

this. Firstly, the quarterly rates makes the adjustments in terms of time lags less fine-tuned than they 

are in the original model. Any lag to my model is minimum 3 months, which may return more coarse 

results, compared to the U.S. results. Secondly, the fact that intervals are quarterly instead of monthly 

hurts the size of the dataset, which is necessarily only one fourth of a dataset with monthly intervals. In 

statistics, it is common knowledge that the bigger the sample, the more reliable the result derived from 

it. Hence, my results may be somewhat biased because of the size of the dataset.  

 

Building the Datasets 

For the analysis, I use empirical data from three different sources. The first two are the Association of 

Danish Mortgage Banks and the Danish Mortgage Banks’ Federation, which both publish online statistics 

on the Danish mortgage market. The last source is the financial database Datastream, where artificially 

determined Danish zero-coupon rates are available.  
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FRM & ARM Market Shares 

The market share data of Danish mortgage products I collected from the website of the Danish Mortgage 

Banks’ Federation, which publishes reports and statistics concerning the Danish mortgage market. The 

market shares are based on the gross loan amount outstanding on residential housing and vacation 

homes, and is published on a quarterly basis. The figures aggregate all new mortgage loans originated 

during the quarter, and these can stem from new borrowers entering the mortgage market for the first 

time as well as current home owners, who are either refinancing in one way or another, or who need to 

finance a new house or a vacation home. The data is categorized by mortgage type, and besides standard 

ARMs and FRMs, there is also a category for ARMs with an included cap. Thereby the figures reflect the 

popularity of one mortgage type over the other in each period, such that the development in market 

share can be measured over time. The dataset covers the period from 2000:Q1 to 2014:Q3. 

Mortgage Rates 

The mortgage rates I use in my analysis originate from the Association of Danish Mortgage Banks, which 

publishes various mortgage market statistics on their website. The dataset consists of weekly averages 

of the short-term and the long-term mortgage rates. More specifically, the short-term rate is based on 

an average of available 1- and 2-year rates and the long-term rate is an average of available 30-year 

rates. The data was aligned to my analysis by computing simple quarterly averages from 1998:Q1 to 

2014:Q3. 

Zero-coupon Rates 

The final dataset consists of the zero-coupon rates from the financial database Datastream, as previously 

described. The rates are available in the database on a daily basis. Rates of maturities from one month 

to ten years have been available since January 1998, rates of maturities of 11 and 12 years became 

available one year later, and rates of maturities from 13 to 30 years have been available since April 2002. 

Again, I aligned the rates to the analysis by calculating simple quarterly averages of the zero-coupon 

rates.  

 

Testing the Household Decision Rule 

Based on the three samples described above, I was able to conduct my analysis of the predictive powers 

of the term structures on the aggregated mortgage choice of Danish households.  
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First, the K-values of the Household Decision Rule were calculated using the 1-year zero-coupon rate 

and the average of the 1- and 2-year mortgage rate as short-term yields, and zero-coupon rates of 

various maturities and the 30-year mortgage rate as long-term yields. On both datasets, I calculated K-

values based on look-back periods from one to five years of the short-term yield, such that I ended up 

with five rows of K-values for each combination of a short-term and a long-term yield.    

Once all the K-values were estimated, I started computing the correlation coefficients between the 

quarterly ARM and FRM shares over the period and the sets of quarterly K-values over that same period. 

After going through all the sets of K-values and finding their correlation coefficient with the market 

shares, I started over using first a 1-period lag (3 months), then a 2-period lag, etc., up to a 5-period lag 

(15 months) of the yields. This was done in order to capture a potential time-gap from rates are 

evaluated by households to the point where the mortgage choice has been made and the loan is 

obtained.  

Based on the correlation coefficients, specific combinations of short-term and long-term yields were 

picked out to test further via regression analyses, to better determine their statistical fit in terms of 

predicting mortgage choice. I will go through my findings from testing the HDR in the next section of the 

chapter. 

K-values and Correlation Coefficients  

Running the calculations of correlation coefficients between the risk premium, as measured by K-values, 

and mortgage choice development over the period, I was quickly able to identify one fundamental 

difference between the U.S. results and the Danish results. Where the U.S. model found positive 

correlation between the development in the market share of ARMs with the time-variance in risk 

premium, the Danish model returned positive correlation coefficients between K-values and the 

development in the market share of FRMs and negative correlation coefficients between K-values and 

the ARM market share development. However, the correlation coefficients resulting from the 

computations without any time-lags were in the -0.40 to 0.45 level for the zero-coupon rates and in the 

-0.30 to 0.35 level for the mortgage rates, depending on whether K-values were held up against ARM or 

FRM market shares. Based on these findings, my results were therefore not as strong as the U.S. results, 

that found coefficients above 0.80 between K-values and ARM market shares. In the following two 

sections I will go through the results of first, the K-values based on zero-coupon rates and second, the 

K-values calculated from Danish mortgage rates. 
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Results of K-values generated from Zero-coupon Rates 

For the results without time-lag, I found the strongest correlation coefficients between the development 

in mortgage product preferences and K-values when applying look-back periods of two and three years 

on the 1-year zero-coupon rate and deducting this from the 5-year zero-coupon rate (denoted by 

K(2(1);5) and K(3(1);5)), and when applying a look-back period of four years on the 1-year zero-coupon 

rate and deducting this from the 10-year zero-coupon rate (denoted by K(4(1);10).  

 

Figure 9: K-values and FRM Share Development, 2000-2014 

 

Source: Association of Danish Mortgage Banks (2014) and own origination    

 

Figure 10: K-values and ARM Share Development, 2000-2014 

Source: Association of Danish Mortgage Banks (2014) and own origination    
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Each time the correlation between K-values and ARM market shares were computed, the correlation 

coefficient came out negative, while every correlation coefficient from testing K-values on FRM market 

shares came out positive. This seemed to indicate that when the HDR is applied on Danish mortgage 

data, it generally follows the FRM development and moves opposite of the ARM development. However, 

due to the low correlation coefficients there may be large variations in this result over time. Figures 9 

and 10 illustrate this. 

What is interesting to note, is that there are periods where the correlation between the FRM market 

shares and the K-values are particularly strong and other times where they move completely opposite 

of each other. During these periods, the correlation between ARM market shares and K-values become 

strongly positive instead.  

In the beginning of the period, FRM shares move almost in lock-step with the K-values. Then from 

2002:Q2 they start moving in opposite directions and instead the HDR appears to becomes indicative of 

ARM market share development. The trend twists again from 2006:Q1, where again the FRM has strong 

positive correlation with the modelled risk premium. The final shift occurs in 2010:Q4, where FRM 

market shares start moving opposite of the K-values. This ongoing shift between the HDR predicting FRM 

market share and the ARM market share could indicate that not only the risk premium, but also the 

general interest rate level has an impact on aggregated mortgage choice.  

 

Figure 11: Development in Zero-coupon rates, 1998-2014 

 

Source: Datastream (2014) and own origination 
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If I compare my findings with the development in the zero-coupon rates, as illustrated by Figure 11, this 

trend appears to have some truth to it. The vertical lines illustrate the shifts pointed out in the previous 

section. During periods of higher interest rates levels, the HDR is indicative of mortgage choice in terms 

of strong positive correlation with the FRM development and when interest rate levels are lower, the 

HDR is indicative of mortgage choice in terms of strong negative correlation with the FRM development. 

The shifts appear to happen shortly after the zero-coupon rates have shown signs of having hit bottom, 

and have started moving upwards again, thereby indicating a shift in the interest rate level.  

The general interest rate level is not reflected in the K-value, but it becomes clear from Figure 11 that 

during periods of higher interest rate levels the yield spread narrows, while when interest rate levels 

drop, the spread widens. Between 2000 and 2001 where the interest rate level was in the 5-6% range, 

the zero-coupon rates of short-term and long-term maturities practically coincided, while they moved 

away from each other as the interest rates level fell in the following years. The same situation applies 

between 2005 and 2006, where, as the interest rate level climbed upwards, the spread narrowed. After 

2009, the opposite effect played in.  

Although the interest rate level is not directly reflected in the K-values, it becomes indirectly reflected 

when K-values are computed via look-back periods. If there is a general tendency toward lower spreads 

during periods with higher interest rate levels and higher spreads during periods with lower interest rate 

levels, the K-values returned will be lower if the look-back period includes a high interest rate level 

because of its smaller spread, while K-values will be higher after periods of lower interest rate levels, 

where spreads are higher. Hence, this has an impact on the resulting correlation coefficients. 

In sum, there appears to be the strongest indicative power of K-values computed from zero-coupon 

rates when they are viewed in combination with the interest rate level. I can test this by dividing the 

whole period into smaller segments, using the periods where the shifts occur as cut-off points and then 

computing correlations again. However, I will first turn to the results of the K-values based on Danish 

mortgage rates. 

Results of K-values generated from Mortgage Rates 

In this section, I will look at the results obtained from testing the HDR on Danish mortgage rates. With 

respect to the combination of mortgage choice time-variance and K-values generated from mortgage 

rates, the strongest correlation coefficients without time-lag came from combining the 30-year FRM rate 
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with a three year look-back period of the short-term ARM rate. The correlations between mortgage rate 

K-values and the ARM share and FRM share can be seen graphically by Figures 12 and 13.  

 

Figure 12: K-values and FRM Share Development, 2000-2014 

 

Source: Association of Danish Mortgage Banks (2014) and own origination 

 

Figure 13: K-values and ARM Share Development, 2000-2014 

 

Source: Association of Danish Mortgage Banks (2014) and own origination 

 

From the two graphs, it is clear that there is a close resemblance with the result generated when applying 

zero-coupon rates. The shift between positive correlations of the ARM respective to the FRM occur at 

approximately the same time as they did for the zero-coupon rates, with the exception of a shorter 
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period between 2004:Q1 and 2005:Q1. Based on this I end up with six segments for the K-values 

calculated from mortgage rates, as opposed to only four segments for K-values based on zero-coupon 

rates. Later in the chapter I will check the correlation results after dividing the period into these smaller 

segments.  

In Figure 14 below, the development in the rate of the 30-year FRM and the average rate of the 1- and 

2-year ARMs is illustrated. The trend is the same as when zero-coupon yields are applied, with lower 

spread during periods of higher interest rates levels and higher spreads in periods of lower interest rate 

levels. Vertical lines at the cut-off points identified from Figures 12 and 13 illustrate the shifts. As with 

the coupon-rates, we clearly see the division between the segments in terms of high or low interest rate 

levels. The only exception to this rule is the shorter period from 2004:Q1 to 2005:Q1, why this period 

should potentially be disregarded in the segmentation.  

 

Figure 14: Yields Spread of Danish ARM and FRM Rates, 1997-2014 

Source: Association of Danish Mortgage Banks (2014) and own origination 

 

Segmented Results 

In this section, I will show the results obtained from dividing my dataset into smaller segments according 

to the periodic shifts between the K-values leading movements in the FRM share or the ARM share. The 

dataset of K-values based on mortgage rates I segmented into six smaller samples, from one to four 

years, depending on whether they were positively or negatively correlated with the development in the 

0

1

2

3

4

5

6

7

8

9

In
te

re
st

 R
at

e

Short-term Long-term



60 
 

FRM market share. The dataset of K-values based on zero-coupon rates was segmented into four smaller 

samples, again according to their correlation with the FRM market share development.  

From both Table 11 and 12 it is clear that the segmented correlations are much stronger, and follow the 

predicted pattern of shifting between being strongly positively correlated and being strongly negatively 

correlated with the development in the FRM market share, depending on the interest rate level of the 

present and the recent past. From the results, the HDR based on K-values estimated from a 2-year look-

back period can be identified as the strongest mortgage choice predictor. Particularly, in the last period 

the K-values based on a 2-year look-back period returns a stronger correlation with the FRM market 

share development than those estimated from a 3-year look-back period. Where before segmenting we 

saw the strongest correlation coefficient around 0.40, we now see correlation coefficients above 0.53 

for the 2-year look-back period. We even see correlation coefficients above 0.96 for the mortgage rates 

and above 0.82 for the zero-coupon rates. On a positive note, we see the strongest outcomes of the HDR 

based on mortgage rates, which can be observed directly in the market, a fact that strengthens the 

application of the HDR on Danish mortgage data. 

 

Table 11: Segmented Correlation Coefficients of Zero-coupon K-values & FRM Market Shares   

 Segment 1 Segment 2 Segment 3 Segment 4 

Period 2000:Q1-2002:Q1 2002:Q2-2005:Q4 2006:Q1-2010:Q3 2010:Q4-2014:Q3 

K(2(1);5) 0,826903 -0,70874 0,823748 -0,53198 

K(3(1);5) 0,848212 -0,58243 0,850329 -0,18204 

Source: Own origination (2014) 

 
Table 12: Segmented Correlation Coefficients of Mortgage Rate K-values & FRM Market Shares 

  Segment 1 Segment 2 Segment 3 Segment 4 Segment 5 Segment 6 

Period 2000:Q1-

2002:Q1 

2002:Q2-

2003:Q4 

2004:Q1-

2005:Q1 

2005:Q2-

2006:Q1 

2006:Q2-

2010:Q3 

2010:Q3-

2014:Q3 

K(2(ARM);FRM) 0,961623 -0,69193 0,834079 -0,9436 0,771664 -0,60819 

K(3(ARM);FRM) 0,960186 -0,70301 0,886756 -0,88107 0,769062 -0,12406 

Source: Own origination (2014) 
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Regression Analysis 

Now, that we have identified the strongest mortgage choice indicators, it is time to run a regression 

analysis to test the fit of our findings in being generally applicable, such that we can deduct information 

from the results on a general level. 

The reason why a regression is the optimal choice for the analysis, can be explained by the type of data 

I am using, the number of samples I am looking at and what the purpose of the test is. First, I am looking 

at quantitative data in the form of yields and market shares. Second, I am looking at two different 

samples, the FRM market shares over time and the time-variance in risk premium in the form of K-values. 

Concerning the purpose of the analysis, I want to infer something about the relationship between the 

two samples, namely the predictive power of my K-values in explaining the development in the market 

share of FRMs. My independent variables (x) are the K-values and my dependent values (y) are the FRM 

market shares. The regression analysis is a linear regression, and I can apply this because there is 

approximately a linear relationship between the two samples. Figure 15 illustrates this. 

 

Figure 15: Scatter Plots of K-values and FRM Market Shares  

  

Note: The K-values used in the scatter plots are based on 2-year look-back periods; K(2(1);5) and K(2(ARM);FRM) 

Source: Own origination 
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four data combinations with time-lags from one to four periods. I based the regression analysis on the 

period as a whole, as the segmented datasets would be too small to generate reliable results from. Table 

13 summarizes the results, which I will interpret next. The full regressions are found in Appendix E. 

  

Table 13: Results from the HDR Regression Analyses 

Variable Slope t-statistic p-value R2 Corr. Coefficient 

K(2(1);5) 11.17314 3.698320 0,000490 0.193521 0.439910 

- 1 lag 12.25747 4.173443 0,000106 0.237240 0.487073 

- 2 lags 11.80634 4.109489 0,000133 0.234920 0.484685 

- 3 lags 11.70043 4.266597 8,05E-05 0.252117 0.502113 

- 4 lags 11.57878 

 

4.389711 

 

5,45E-05 

 

0.266635 

 

0.516367 

 

K(3(1);5) 10.176987 3.565890 0,000769 0.190594 0.436571 

- 1 lag   9.814491 3.560651 0,000791 0.193036 0.439358 

- 2 lags   9.207087 3.334499 0,001581 0.176158 0.419712 

- 3 lags   9.159407 3.330492 0,001617 0.178641 0.422659 

- 4 lags   9.264094 

 

3.342506 0,001578 0.182637 0.427361 

 

K(2(ARM);FRM)   6.868003 1.817755 0,074358 0.054793 0.234078 

- 1 lag   6.114026 1.603216 0,114513 0.043884 0.209485 

- 2 lags   6.300036 1.683227 0,098000 0.048990 0.221337 

- 3 lags   8.027807 2.228412 0,030038 0.084215 0.290199 

- 4 lags   8.016667 

 

2.250736 

 

0,028575 

 

0.087243 0.295369 

 

K(3(ARM);FRM)   9.873502 2.606540 0,011747 0.109947 0.331582 

- 1 lag   6.732638 1.785047 0,079871 0.055719 0.236050 

- 2 lags   5.703668 1.541937 0,129039 0.042934 0.207205 

- 3 lags   7.185461 1.959205 0,055460 0.068743 0.262188 

- 4 lags   6.366837 

 

1.700511 

 

0,095126 

 

0.053658 

 

0.231643 

 

Source: Own origination (2014) 
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Regressions without Time-lag 

Table 13 displays the output of the regression analyses. The equation of the linear regression is y = ax + 

b, such that the regression returns the values of a and b, thereby explaining the linear relationship 

between x and y. The a-value is the slope of our line and the b-value is the y intercept, where the linear 

regression crosses the y-axis. The correlation coefficients are the same as in the previous section but 

here shown in connection with the matching regression outputs for easy comparison. Our R2-values tells 

us how much of the variation in the dependent variable y that can be explained by our independent 

variable x. The square root of R2 is equal to the correlation coefficient of the regression. We recall that 

our x-values cover the computed K-values of the HDR and the y-values are the quarterly FRM market 

shares over the period. The t-statistic indirectly reflects the significance of our result. The higher the t-

value, the lower the corresponding p-value and the less likely it is that the results are randomly 

generated. The p-value tells us the probability that the pattern of the data in the sample could be 

produced by random data. If for example the p-value is 0.1, then there is a 1% chance that the same 

result could be generated from random data. If we assume a significance level of 0.05, then we are 

looking at results that fall within the 95% confidence interval. All p-values equal to or lower than 0.05 

tells us that the result is significant and that we therefore cannot reject our hypothesis. In this case, our 

hypothesis is that K-values explain FRM market share development.  

From the regression we get the highest explanatory effect from the K-values without any time-lag, when 

we look at K(2(1);5) for the zero-coupon rates and K(3(ARM);FRM) for the mortgage rates. These two 

samples explain 19.35% and 10.99%, respectively, of the variation in the FRM market share over the 

period. This is not trong explanatory power. However, from the segmented correlation coefficients we 

saw that locally the correlation coefficients and thereby also the R2-values were much stronger. 

However, because of the size of the samples, the segmented correlations contained too little 

information to base the regressions on. On average, a regression of two datasets should consists of at 

least 20-30 individual figures, however the results generated from the datasets become more reliant 

when based on much larger samples. This has not been possible due to the quarterly intervals of my 

datasets. Had the datasets consisted of monthly data instead, I would have been able to run the local 

regressions because the datasets would have been sufficiently large to infer something about the effects 

of the K-values on the FRM market share on a general level.  

The slope of our regressions tells us something about the effect of a one standard deviation change in 

the K-value and its effect on the FRM market share. For all the regressions without time-lag, we get a 
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change in the FRM market share of between 6.87% (for the K(2(ARM);FRM) and 11.17% (for the 

K(2(1);5). I consider this to be a relatively narrow spread between the different K-values tested on the 

FRM market share. In comparison, the mean of the four slope coefficients without time-lag is 9.52%. 

More specifically, it tells us that when the K-value decreases by one standard deviation, then the FRM 

market share drops by 6.87-11.17%, depending on which sample we are looking at. If we instead look at 

a one standard deviation increase in the K-value, the FRM rate increases by the same amount. Again, 

because of the large variations between the HDR predicting FRM or ARM market shares, I am carefull to 

conclude on a general level on these findings.  

The regression is telling me that as the K-value increases, more households choose FRMs and as the K-

value decreases, less households choose FRMs. This is counter-intuitive and is the exact opposite effect 

of the results of Koijen et al., who found an increasing K-value equal to an increase in the ARM market 

share, because this would indicate relatively higher FRM payments due to a greater risk premium. Again, 

it the extreme shifts in the correlation of the K-values with the FRM shares that play in and makes it 

challenging to conclude on a general level. 

Regressions with Time-lag 

When testing the time-lagged K-values on the FRM market share, such that the K-value of the previous 

quarter is used to predict the FRM market share in the current quarter (and so forth, depending on the 

number of time-lags) there is no consistency in the regression outputs.  

For the K-values based on zero-coupon rates with a two-year look-back period, the result is strengthened 

by a 1-period time-lag, diminishes slightly with a 2-period time-lag, picks up again with a 3-period time-

lag and it strongest with a 4-period time lag. This can be seen by both the correlation coefficients and 

the R2-values as well as the t-statistics. For the zero-coupon rates with a three-year look-back period, 

the same trend is apparent, however, the result with no time-lag and a 1-period time-lag remain the 

strongest.  

For the K-values based on mortgage rates, a 1-period time-lag weakens the result of the regression, 

which then picks up again with a 2-period time-lag and exceeds the result with no time-lag when a 3- or 

4-period lag is applied. The trend is the same for the mortgages rate based on K-values with a three-year 

look-back period, but here the result remains strongest with no time-lag, similar to the result of the zero-

coupon based K-values with the same look-back period. 
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It is difficult to generalize whether the time lags have a positive effect on the regressions or not, based 

on the above results. It can be argued that the relative strength of the 3- and 4-period time lags can be 

explained by the seasonal movements in the market share of FRMs and ARMs. However, as the data is 

based on the percentage change and not the value of the debt outstanding, this should not have an 

impact on the result. Instead, I assume that it can be explained by the large fluctuations in the 

correlations being leveled out by the time lag, such that on average the correlation returned is higher. 

If in fact, a one-month lag is more representative of the time that passes between the term structure 

and the interest rate level is assessed, then a test with no time-lag will be closer to the result obtained 

with a one-month time-lag than the result I am able to obtain with a 3-months time-lag. In that case, the 

periodic intervals of my samples have a negative influence on the strength of my results.  

 

Summary of Results 

By testing the HDR on Danish mortgage product and yield data, I have shown that the results obtained 

from my analysis differs greatly from the results of Koijen et al. (2009). The authors of the original paper 

found strong positive correlation between the ARM market share over time and the time-variance of 

the risk premium, measured by K-values. I instead found the HDR’s predictive power of mortgage choice 

to be strongly related to the general interest rate level, such that the HDR and the FRM market share 

move together during periods of rising interest rate levels, while the HDR’s movements corresponds to 

the movements in the ARM market share during periods of falling interest rate levels. The strongest 

results were found when applying either a two- or a three-year look-back period, regardless of whether 

I looked at zero-coupon or mortgage rates. Depending on how the samples were tested, either the zero-

coupon rates or the mortgage rates returned the strongest results. When looking at the period as a 

whole, the zero-coupon rates returned the strongest results. When looking at the segmented samples, 

the results of the mortgage rates exceeded that of the zero-coupon rates.  
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Chapter 9: Testing the Yield Spread and the Long Yield 

In the work of Koijen et al. (2009), the HDR generates results that are highly correlated with the 

development in the ARM share. These results are compared to previous works within the field of term 

structures dynamics and mortgage choice, using alternative mortgage choice indicators, namely the long 

yield and the yield spread. Their predictive abilities, like those of the HDR, are tested via their correlation 

coefficients with the time-variance in the market share of ARMs. In the same manner, I will compare my 

results from applying the HDR on Danish mortgage data with the results I get from applying the long 

yield and the yield spread.  

To test the ability of the long yield and the yield spread to predict mortgage choice, I use the same two 

samples as when testing the HDR, namely one consisting of zero-coupon rates and one consisting of 

mortgage rates. The mortgage share data is held up against the yield figures of corresponding quarters 

as well as yield figures where a one-quarter time lag has been applied. I do this in order to capture a 

potential time-lapse from the mortgage options are evaluated by the household based on available data, 

to the point when the mortgage is actually obtained.  

With respect to both the long yield and the yield spread, the focus is data from a specific period, and 

hence the figures do not reflect what has happened in previous periods. For the ease of interpretation, 

I will graphically illustrate positive correlations, even though the negative correlations may be slightly 

stronger.  

 

The Yield Spread 

In order to test the abilities of yield spreads to predict aggregated mortgage choice of Danish 

households, I deduct the ARM yield from the FRM yield for the mortgage rates, and the 1-year yield from 

the 5-year yield for the zero-coupon rates. I then compute the correlation of the two resulting samples 

with the development in both the FRM and the ARM market share. The results are summarized by Table 

14. 

 

 

 



67 
 

Tabel 14: Correlation Coefficients of Yield Spreads and Mortgage Product Market Shares 

CORRELATION 

COEFFICIENTS 

Mortgage Rates Zero-Coupon Rates 

FRM ARM FRM ARM 

Corresponding Quarters -0.444387311 0.456262334 -0.304386679 0.290215905 

1 Quarter Time-Lag -0.38023413 0.404159083 -0.132115378 0.140684905 

Source: Own origination (2014) 

 

From the table, it is clear that yield spreads based on mortgage rates have a stronger correlation with 

the mortgage product market shares than the yield spreads from zero-coupon rates. Also, all of the 

results are diminished by a 1-period time-lag, but more strongly so for the zero-coupon rates than for 

the mortgage rates.  For both samples, it applies that there is negative correlation with the FRM rate 

and positive correlation with the ARM rate. However, for the mortgage rates the correlation is strongest 

for the ARM market shares, while for the zero-coupon rates without time lag, the correlation is strongest 

for the FRM market shares. The movements of the two yield spread samples with the ARM share is 

illustrated by Figure 16 below. 

 

Figure 16: Yield Spread and ARM market shares 

 

Source: Danish Mortgage Banks’ Federation (2014) and own origination 

 

It is evident from the figure that the ARM market share generally moves up and down with the yield 

spread although there are no periods of strong co-movement between the samples, such as we saw for 
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the HDR. However, on average the yields spreads move in correlation with the ARM development in the 

29.0%-45.6% range, depending on whether focus is on zero-coupon or mortgage rates, respectively.   

 

The Long Yield 

With respect to the long yield, I will be looking at ability of the 5-year zero-coupon rate and the 30-year 

FRM rate to predict the development in the market shares of mortgage products. Table 15 below 

summarized the results from computing the correlation coefficients, both with and without a 1-period 

(3 months) time lag between the rates and the market share development. 

 

Tabel 15: Correlation Coefficients of Long Yields and Mortgage Product Market Shares 

Source: Own origination (2014) 

 

From testing the long yield’s predictive power in terms of the development in market shares of ARMs 

and FRMs, the opposite situation applies as compared to the yield spread. Here, the strongest 

correlations are found when looking at zero-coupon rates and where before there were positive 

correlation with the ARM market shares and negative correlation with FRM market shares, now there is 

positive correlation with the FRM and negative correlation with the ARM. This trend is similar to the 

results obtained from testing the HDR without segmentation.  

I find no strengthening in the results by applying a 1-period time lag.  Overall, the ARM has stronger 

correlation with the long yield than the FRM does. Figure 17 illustrates the relationship between the 

samples of the long yield and the FRM market share. 

For the predictive powers of the long yield, we clearly see the positive relationship between the changes 

to the long yield and the development of the FRM market share. However, as with the yield spreads, the 

relationship is not locally strong, but from the correlation coefficients we know that on average it is in 

the 28.1-33.3% range. 

CORRELATION 

COEFFICIENTS 

Mortgage Rates Zero-Coupon Rates 

FRM ARM FRM ARM 

Corresponding Quarters 0.280748799 -0.338035825 0.333416079 -0.389370006 

1 Quarter Time-Lag 0.187977206 -0.25400307 0.291766367 -0.351880151 
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Figure 17: Long Yield and FRM Market Share 

 

Source: Danish Mortgage Banks’ Federation (2014) and own origination 

 

Regressions 

Similar to the test of the HDR, I also ran regression analyses of the long yield and the yield spread to test 

their statistical fit and significance in terms of predicting the development in mortgage product 

preferences over time. The two tables below show the results. Table 16 with respect to the yield spread 

and Table 17 with respect to the long yield. The full regressions are available in Appendix F. However, 

the results are counter-intuitive, as they indicate that a drop in the long yield, which will decrease the 

yield spread and make FRMs relatively less expensive, will result in a decrease in the FMR market share. 

 

Table 16: Regression Analysis of Yield Spreads  

YIELD SPREAD Slope t-statistic p-value R2 Correlation 

ARM/Mortgage  11.74062  3.87113 0.000281 0.208175 0.456262 

ARM/Zero-Coup.    8.80445  2.28963 0.025766 0.084225 0.290216 

FRM/Mortgage -11.5202 -3.74517 0.000422 0.197480 0.444387 

FRM/Zero.Coup.   -9.30315 -2.41255 0.019082 0.092651 0.304387 

Source: Own origination (2014) 
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Regression Results from Yield Spreads 

From the correlation coefficients, I already established that the yield spread has the strongest predictive 

abilities when based on mortgage rates. This result is supported by the p-values, which reflect statistical 

significance within a 99% confidence interval level. From the R2-values we see that the mortgage rates 

explains almost 21% of the variation in the market share of ARMs and just under 20% of the variation in 

the FRM market share, whereas the zero-coupon rates explain just over 9% of the variation at the most. 

From the slope coefficients, I can conclude that on average a one standard deviation change in the yield 

spread from mortgage rates results in a change in the market share of ARMs of 11.74%. If I assume an 

ARM market share of 40% and the yield spread increases by one standard deviation, the ARM market 

share should increases to approximately 51.74%. For the FRM, the relationship is negative, such that an 

increase of one standard deviation in the yield spread leads to a decrease of 11.52% on average.  

 

Table 17: Regression Analysis of the Long Yield 

LONG YIELD Slope t-statistic p-value R2 Correlation 

ARM/Mortgage -5.00580 -2.71175 0.008831 0.114268 0.338036 

ARM/Zero-Coup. -4.99426 -3.19155 0.002303 0.151609 0.389370 

FRM/Mortgage  4.18844  2.20843 0.031251 0.078820 0.280749 

FRM/Zero.Coup.  4.30843  2.67002 0.009865 0.111166 0.333416 

Source: Own origination 

 

Regression Results from Long Yield 

Based on Table 17, I can assess the predictive ability of the long yield as a mortgage choice indicator. As 

mentioned previously, the results for the long yields are strongest when zero-coupon rates are applied, 

here in the form of the 5-year yield.  

The strongest result I found from regressing the long yield on the ARM market share, resulting in a 

negative relationship, such that a one-percentage point increase in the long yield indicates a drop in the 

ARM market share of just around 5% for both the mortgage- and the zero-coupon yield, which can be 

seen from the negative slope coefficients. 

The zero-coupon rate explains 15.2% of the variation in the ARM market share, while only 11.4% of the 

variation is explained when the long-term mortgage yield is applied. The poorest result is obtained from 
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regressing the long mortgage yield on the FRM market share, which only explains 7.9% of the variation 

in the market share over time. Based on their low p-values, I can conclude that all of the results are 

statistically significant within a 95% confidence interval level. 

Summary 

This chapter has introduced and assessed the results obtained from testing the abilities of the yield 

spread and the long yield to predict mortgage choices of Danish households. First, the predictive powers 

of the long yield and the yield spread were assessed based on their correlation coefficients and next, 

their abilities to indicate aggregated mortgage choice were evaluated based on regression analyses. 

From the results it was evident that both the long yield and the yield spread predicted ARM market share 

development the best.  The strongest results were found for the yield spreads’ predictive abilities when 

based on Danish mortgage rates, while the long yield returned the strongest results for zero-coupon 

rates.  



72 
 

Chapter 10: Discussion 

In this chapter, I will discuss the discoveries I have made throughout the paper based on my thesis and 

the research questions. First, will go through my findings that pertains to the different risk scenarios of 

the two mortgage types in connection with current regulations and disclosure requirements. Next, I will 

engage in a discussion of the results generated from testing the various methods of applying the term 

structure as a mortgage choice indicator.  

 

Evaluating The Effects of Mortgage Product Innovation 

From the chapter on the Danish mortgage market, it is evident that there has been a fundamental 

change from the traditional FRM-funded system to one where the market share of ARMs have taken up 

close to 50% of the market share on average since 2000. At the same time, new legislation has allowed 

mortgage issuers to move away from the balance principle, which has been the corner stone of the 

Danish mortgage system. This has implications for the system, as the risk scenario of mortgage credit 

institutions are affected negatively by this change. FRM-funding and the balance principle ensured that 

credit institutions were only exposed to credit risk.  

The funding change also has consequences for the mortgage borrowers, who are exposed to interest 

rate risk to a greater extend when they obtain ARMs, rather than traditional FRMs, which I illustrated 

via a stress test in Chapter 4.  

Systemic and Refinancing Risk 

Since their introduction, ARMs have become a popular alternative to the FRM for Danish households. 

This trend has been supported by the general drop in the interest rate level since ARMs were first 

introduced. But what will happen to the financial situation of all these ARM-holding households when 

the interest rate level begins to increase?  

In the event of an interest rate shock, it is likely that many of these will have trouble servicing their 

mortgage contracts. If this happens to almost 50% of the market simultaneously, a systemic risk scenario 

emerges for the credit institutions. At the same time, the large market share of ARMs have shifted some 

of the refinancing risk of the investors to the credit institution. This year, the Danish government 

enforced a new regulation on ARMs, to limit the exposure to this risk and which indirectly affects 

systemic risk as well. In the event that an auction fails or the interest rate level increases by more than 
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5% in a year, the time to maturity is extended by one year. Thereby, the short-term bond backing the 

long-term mortgage is secured for one more period, while at the same time the interest rate is locked 

at a rate based on the ARM rate before refinancing + 5% (Danish Central Bank, 2014: pp. 37-39).  

Risk Profiles and Stress Test 

From the risk profiles of Chapter 3 and the stress test of Chapter 4, I illustrated how differently the ARM 

and the FRM behave when exposed to parallel shifts in the term structure and changing property prices. 

On the basis of theory and analyses, I illustrated how the ARM came out on top in an situation with 

falling interest rates, while the FRM was the better option in a market characterized by increasing 

interest rates. Under the influence of changing property prices, the results were similar, as the ARM had 

a larger equity buffer in the event of a fall in the interest rate level. This obvious benefit is a result of the 

amortization profile of the ARM, which has lower interest rate payments out of the total payments, why 

it will have amortized more over a given period compared to the FRM. In the event of an increasing 

interest rate level and growing property prices the FRM came out strongest, because of the lower market 

value of the debt caused by the interest rate increase. This feature is one of the advantages of the FRM.  

From this result, it makes sense for households to turn to the term structure and have a look at recent 

interest rate movements as well as the general interest rate level, as this can indicate whether the ARM 

or the FRM is the better option for them. If the interest rate level is high and the recent movements 

have been downwards, this could indicate that an ARM is a good mortgage choice, whereas a low 

interest rate level and recent upwards movements could be an indicator that the FRM is a logical 

mortgage choice. However, this is a relatively weak rule of thumb, why a more structured approach to 

term structure interpretation would be helpful for households who need to decide between an ARM 

and a FRM. I will return to this point in my discussion of the results of my empirical analysis. 

Disclosure Requirements 

With respect to Danish disclosure requirements, there remains room for improvement in my opinion. 

Both with respect to available key figures, such as first year’s expenses and APR, and with respect to the 

flexibility of mortgage calculations. Danish banks and credit institutions all offer mortgage calculators on 

their websites, but none of these enable borrowers to see the influence of changes to the term structure 

as the calculators assume fixed interest rate levels. However, a more flexible tool is available to 

borrowers in the form of Scanrates’ website låneberegner.dk. The problem is that this excellent tool is 

not commonly known by households and I speak from personal experience as I have recently obtained 

a mortgage and only discovered this website in connection with my thesis research. It would take little 
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effort for mortgage issuers to refer to this website in their brochures, such that borrowers can 

investigate their mortgage choices more thoroughly on their own. This should also be in the interest of 

the credit institutions, as they would benefit from having informed borrowers who understand how their 

mortgages are affected by different market conditions.  

It should be noted, that from January 1st 2015, new rules apply to the sales reports developed by real 

estate agencies. Traditionally, these documents have included financing suggestions, but according to 

new regulations, this is no longer allowed. Instead, the documents will only include owner’s expenses 

or the gross and net monthly expenses based on standard financing, such that it becomes easier to 

compare the sales report from one property to the next (Home, 2014). I find it to be a positive 

development that real estate agencies will no longer function as financing advisors. This task should be 

left to the borrowers themselves, who are better off consulting banks and independent advisors.   

Institutional Initiatives 

The institutional initiatives implemented in 2013, were a means to move borrowers away from the more 

risky mortgage types, such as the annually adjusted ARM. It is interesting to note that the traffic light 

system introduced in this connection, classifies the standard ARM as yellow along with the ARM with 

deferred amortization, indicating that these are relatively safe mortgage products. On the basis of the 

stress test we saw how the un-amortizable loan did not come out on top in any of the stress test 

scenarios. However, credit institutions are telling borrowers that these two mortgage types have a 

similar risk profile. I also find it alarming, that the incentives implemented to drive borrowers away from 

ARMs and mortgages with deferred amortization is the direct source of profit for the credit institutions, 

that is, the contribution fees, which they have full control over and can turn up and down as they please.   

Whether the initiatives (here also considering the regulation that ARMs only can be obtained by 

households that can afford to finance the same investment via an FRM) have an effect on the aggregated 

mortgage choice of Danish households, remains yet to be seen. The shift in mortgage product 

preferences towards FRMs as evident from the second and third quarter of 2014 are likely to be a 

consequence of the historically low FRM coupon rates, rather than an effect of the institutional 

initiatives of 2013.   

Suggestion for Limitations on ARM Borrowing 

On the basis of my analysis I have two suggestions for additional initiatives that could make ARM 

borrowing less appealing for Danish households. With the current possibility of obtaining a 30-year 
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convertible FRM at a coupon rate of 2.5%, an increase in the interest rate level of 2% is enough to make 

the floating rate of the ARM exceed the fixed rate of the FRM. Especially, if the higher contribution fee 

of the ARM is taken into consideration.  

Since “good customs” require households wishing to obtain a mortgage loan with a flexible rate to be 

evaluated based on their ability to service the payments of a mortgage with a fixed rate, I find it alarming 

that we are at a point where the interest rates on FRMs are historically low, because the short term 

rates can easily exceed the current FRM rate in a matter of few years - months even. As described in 

Chapter 5, we have seen shifts in the short-term rates of more than 3% in a matter of approximately 18 

months. Since short-term rates are also historically low, they are unlikely to drop further and can 

therefore only stay at their current level or move in one direction, and that is up. Hence, it may be 

necessary to estimate the credit worthiness of a household wanting to obtain a mortgage loan based on 

the long-term rate plus a margin, at times of extraordinarily low interest rate levels. An example could 

be a margin that moves the rate used for evaluation closer to the long-term average of the short-term 

or a medium-term interest rate. The average short-term rate of my research period is 2.87%, which is 

very close to the current average long-term rate, at 2,72% as of week 45, 2014 (Association of Danish 

Mortgage Banks, 2014). Based on this, even the average short-term rate may be too conservative a 

figure to base a households’ credit worthiness on, in times of exceptionally low interest rates. 

Another way in which ARMs could be made less risky (and potentially also less appealing) is by requiring 

a lower LTV-ratio at the time of origination, such that borrowers only qualify for this type of mortgage 

loan if they bring for example 10% of the sales price to the table, instead of the current requirement of 

5%. This increased equity would make the ARM-holding household less exposed to increasing interest 

rates and falling price levels. Although Jakobsen (1997, 2004) does not say this directly, he does indicate 

that the ARM-type is more suitable for households that have already managed to build up equity.   

 

The Term Structure Applied as a Mortgage Choice Indicator 

With respect to the structured approach to the term structure’s ability to predict aggregated mortgage 

choice of Danish households, my analysis show very different results from what the HDR predicts 

according to Koijen et al. (2009). When based on Danish mortgage market shares and yields, the HDR is 

not positively correlated with the ARM share over time, as it is when U.S. data is applied. Instead, it has 

positive correlation with the development in the FRM share, indicating that when one of the figures rises 
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(falls) so does the other. This result appears to be irrational, as this would mean that more households 

obtain FRMs when they become relatively more expensive than ARMs.  

Discussion of the HDR results 

By graphically depicting the K-values and the market share development, I was able to establish that the 

low correlation coefficient was a result of two extremes. At times, the two samples were strongly 

positively correlated, while at times they were strongly negatively correlated. I was surprised by this 

result, as the similar nature of the Danish and the U.S. mortgage systems had me convinced that the 

results obtained from testing the model on Danish mortgage data would be close to the U.S. results. 

Based on Figures 11 and 14 from Chapter 6, the shifts between the two extremities seemed to occur 

when interest rate levels had shown signs of having hit bottom and had increased slightly from this 

minimum level. From a closer look at the figures, it became evident that it was what happened in 

between the shifts that was interesting, as this reflected that the general interest rate level was the 

determining factor. 

From the results, it also became evident that for the research period, the Danish term structure flattened 

when interest rate levels were high, and became steeper when interest rate levels were lower, due to 

the difference in spread between these two states. This trend is indirectly incorporated in the K-values, 

when the look-back period of the short term rate are deducted from the long-term rate. The effects of 

this are higher K-values in a scenario with lower interest rates and lower K-values in a scenario with 

higher interest rates.  

Based on this, the shifts between the two extremes make more sense, because this means that during 

periods of low interest rate levels where the HDR appears to trace ARM market shares, the higher spread 

of these periods cause K-values to be lower, while when the HDR trace the FRM market shares, the 

interest rate level is generally high, why the returned K-values are high for these periods. On this 

foundation, I have identified the general interest rate level as a strong indicator of mortgage choice of 

Danish households, why the results of the HDR is interpreted more easily in connection with the interest 

rate level.  

Discussion of Segmented HDR Results 

Based on the quarterly intervals of my market share sample, I had a relatively narrow dataset to work 

with for the analysis. This caused me to stray away from regression analyses of the segmented datasets 

because it would result in very small samples, even if a combined the two periods of FRM prediction and 
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the two periods of ARM prediction and based the regressions on these two coherent samples. Therefore, 

the result of my regressions of the HDR on the Danish ARM and FRM market shares are very weak and 

difficult to deduct meaningful conclusions from. However, the average results returned from this dataset 

with extreme local correlations, performed almost just as well as the long yield and the yield spread, 

which on average were less volatile in their correlation with the FRM and the ARM market shares. 

From the regressions of the HDR on the market share of FRMs, I found the strongest result when K-

values were based on zero-coupon rates. Here, the correlation was 43.99% with a two-year look back 

period, while the HDR explained 19.35% of the variation in the FRM market share. The result was 

statistically significant with a p-value of 0.0005. A one standard deviation increase in the K-value 

indicated a 11.17% increase in the FRM market share, although this result does not make sense 

analytically, because it predicts an increase in the FRM market share when the risk premium increases. 

The results of the regression for the zero-coupon rates with a tree-year look-back period were nearly 

the same as with a two-year look-back period. For the mortgage rates, the strongest result was obtained 

from a three-year look-back period. This gave a correlation of 33% and explained 10.99% of the variation 

in the FRM market share. The p-value of 0.0117 was relatively higher than that of the zero-coupon rates, 

but still statistically significant. It returned a slope coefficient of 9.78% but similarly to the zero-coupon 

rates, this result does not make analytical sense, because of the local extremities contained in the 

sample.    

Even though I achieved a good fit and statistical significance for the long yield and the yield spread as 

mortgage choice indicators, I am still convinced that the HDR is a much better approach. Especially if the 

datasets are based on monthly instead of quarterly data, as this would result in a dataset that is almost 

four times the size of the one I had to work with. This would enable detailed investigation of the local 

extremities and thereby return much stronger and more reliable results, which would enable more 

general application of the findings.  

Discussion of Results from Testing Long Yield and Yield Spread 

With respect to the results of the long yield and the yield spread regressions, the strongest results were 

obtained from regressing the long yield from zero-coupon rates on the ARM market share, which 

returned a negative correlation, and the yield spread from mortgage rates on the ARM market share, 

which returned a positive correlation.  
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The correlation between the ARM and the yield spread was 45% and the yield spread explained 21% of 

the variation in the ARM market share over the period. On average a one standard deviation change in 

the yield spread led to an 11.75% change in the ARM market share. The result was significant with a p-

value of 0.0003. If we look at how this result can be interpreted, the market share of ARMs increases 

when the yield spread increases. This makes intuitive sense, because when the yield spread widens, the 

FRM rate is high compared to that of the ARM, why the market share of the ARM increases.   

For the ARM and the long yield, the correlation was -39%, and the long yield explained 15% of the 

variation in the ARM market share over the period of investigation. According to the regression the 

relationship between these two samples was a development of -4.99% in the ARM market share, when 

the long yield increased by one standard deviation. This result was also statistically significant, but 

compared to the yield spread it had a higher p-value of 0.002. I find it particularly interesting that the 

long yield does a better job at explaining the development in the ARM market share than it does the 

FRM market share. Naturally, the long yield could have a spillover effect on the ARM market share. 

However, my critique of the long yield as a mortgage indicator is strengthened by the result, which 

indicates that as the long yield increases, the ARM market share decreases. This does not make analytical 

sense, as the opposite effect is to be expected, whereby a drop in the long yield has a negative effect on 

the ARM rate, because more households will shift to a FRM when this becomes relatively less expensive. 

I conclude that the long yield is a poor mortgage indicator, because it does not reflect the relationship 

between short-term and long-term interest rates.  

 

Summary 

In this chapter, I have discussed my findings from investigating the dynamics of the ARM compared to 

those of the FRM as well as the outcomes from stress-testing these two mortgages under different 

interest rates and inflation scenarios. I have discussed my take on the mortgage market development, 

Danish disclosure requirements and the institutional initiatives that were implemented as a means to 

make short-term ARMs less appealing to borrowers. Finally I have discussed the results generated from 

testing the HDR, the long yield and the yield spread and on this basis estimated their applicability as 

mortgage choice indicators of Danish households.  
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Chapter 11: Conclusion & Perspectives 

Based on my thesis, I set out to investigate whether the term structure can be applied to predict 

aggregated mortgage choice of Danish households. Also, I wanted to take a closer look at the methods 

these households can use in order to choose between a fixed and a floating rate mortgage.  

 

Conclusion 

On the foundation of previous research within the field of term structure and mortgage choice, I was 

able to identify theories and models that I could test on Danish mortgage data, whereby I learned that 

in times where monetary focus is interest rate targeting, Danish yield spreads seem to lend credibility 

to a rational expectations term structure theory based on time-variance in the risk premium between 

short-term and long-term interest rates.  

The empirical data covered the period from 2000:Q1 to 2014:Q3, a period of approximately 15 years, 

and involved four data samples; two pertaining to term structure in the form of Danish mortgage rates 

and Danish zero-coupon rates, and two related to mortgage choice in terms of the ARM share 

development and FRM share development. Via three different mortgage choice indicators identified 

from the literature, namely the HDR, the yield spread and the long yield, the data was tested for its 

capacity to estimate aggregated mortgage choice of Danish households. The fit of these mortgage choice 

indicators was based on correlation coefficients and regression analyses to identify statistical 

significance. 

The results of the HDR portrayed local extremities that caused the overall fit of the regression to be 

questionable. However, the shifts between the two extremes seemed to be founded on the general 

interest rate level, and I was able to show how, over the research period, at higher interest rate levels 

the spread narrows down, while it widens at lower interest rate levels. My interpretation of this was 

that the HDR cannot stand alone when tested on Danish mortgage data. Its results must be considered 

in combination with the general interest rate level, in order to understand the HDR’s shifts between 

predicting either FRM or ARM preferences of Danish households. However, from the segmented results 

I obtained similar results to Koijen et al., in that a high risk premia indicate a negative development in 

FRM market share, while a low risk premia indicate positive development in FRM market share. 
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From testing the predictive powers of the yield spread and the long yield, I found that the yield spread 

was positively correlated, while the long yield was negatively correlated with the development in the 

market share of ARMs. However, the correlations were in the -39%-45% range, and hence not strong.  

The result of the yield spread was analytically sensible, as it indicated an increase in the market share of 

ARMs when the yield spread increased, while the result of the long yield was not analytically 

comprehensible, indicating a decrease in the ARM market share, when the long-term rate increases. 

There were no shifts between positive and negative correlation over the sample period for these 

mortgage indicators. However, the correlations were generally weak, compared to segmented results 

of the HDR, with correlations in the -53%-96% range.  

The HDR was originally tested on U.S. treasury bills and government bonds. One of the downsides to 

Denmark’s low availability of zero-coupon bonds, is that I had to used artificially estimated zero-coupon 

rates as a substitute. As my intend of this paper was, amongst other, to make is easier for Danish 

households to make an informed decision about their mortgages, the zero-coupon rates are not very 

helpful in this regard as they are not directly observable in the market. Therefore, I found it to be a 

positive outcome that the segmented results were strongest for the mortgage interest rates, as these 

can be observed directly in the market, which strengthens the application of the household decision rule 

for Danish households. 

 

Perspectives 

This thesis has been founded on Danish mortgage rates as well as artificially estimated zero-coupon 

rates. However, the analysis could easily be extended to money-market rates, government bonds, swap 

rates or theoretically estimated interest rates based on VAR-models, to further validate the application 

of the HDR, the yield spread and the long yield to a Danish setting.  

Based on the results of my thesis, I have identified the size of my data samples on mortgage product 

market shares to be a limiting factor. Access to monthly market shares would increase these samples 

substantially, thereby making the segmented samples large enough to investigate further and 

potentially infer generally applicable knowledge on the mortgage choice of Danish households from. 

On a final note, although this thesis focuses on mortgage choice from the perspective of households, 

the application of term structure as a mortgage indicator is not limited hereto. The HDR and the Yield 

spread could just as easily be applied as corporate mortgage timing estimators or the like.   
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Appendix A: Data from Boligregner.dk 

 

Appendix A-1: Overview of Financing Alternatives 

Lånetype: Rentetilpasningslån, 
F1  

Lånetype: Rentetilpasningslån, F1, 
10 års afdragsfrihed  

Lånetype: 2.5% fast rente 
obligationslån 

Løbetid: 30 år  
Løbetid: 30 år  

Løbetid: 30 år 

Sidste betalingsdag: 01-01-2045  
Sidste betalingsdag: 01-01-2045  

Sidste betalingsdag: 01-01-2045 

Næste termin med afdrag: 01-04-2015  
Næste termin med afdrag: 01-04-2025  

Næste termin med afdrag: 01-04-2015 

Rente: 0,30%  
Rente: 0,30%  

Rente: 2,50% 

Årlig bidragssats: 0,80%  
Årlig bidragssats: 0,95%  

Årlig bidragssats: 0,65% 

Hovedstol: 1.024.000  
Hovedstol: 1.024.000  

Hovedstol: 1.035.000 

Obligationshovedstol: 1.006.155  
Obligationshovedstol: 1.006.155  

Obligationshovedstol: 1.035.000 

Optagelseskurs: 101,87  
Optagelseskurs: 101,87  

Optagelseskurs: 99,12 

Kursværdi: 1.024.000  
Kursværdi: 1.024.000  

Kursværdi: 1.024.878 

 Etableringsomkostninger:    
 Etableringsomkostninger:    

 Etableringsomkostninger:   

Ekspeditionsgebyr: 5.000  
Ekspeditionsgebyr: 5.000  

Ekspeditionsgebyr: 5.000 

Kurtage: 2.048  
Kurtage: 2.048  

Kurtage: 2.050 

Fast tinglysningsafgift: 1.660  
Fast tinglysningsafgift: 1.660  

Fast tinglysningsafgift: 1.660 

Procentuel tinglysningsafgift: 15.092  
Procentuel tinglysningsafgift: 15.092  

Procentuel tinglysningsafgift: 15.525 

Samlet: 23.800  
Samlet: 23.800  

Samlet: 24.235 

Faktisk provenu: 1.000.200  
Faktisk provenu: 1.000.200  

Faktisk provenu: 1.000.643 

ÅOP før skat: 1,38%  
ÅOP før skat: 1,48%  

ÅOP før skat: 3,47% 

ÅOP efter skat: 0,97%  
ÅOP efter skat: 1,02%  

ÅOP efter skat: 2,36% 

Source: Scanrate, Boligregner.dk (2014)  
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Appendix A-2: Stress Test, Interest Rate Scenarios, ARM 

Rentetilpasningslån, F1 januar 2015 Rentefald (1%) Uændret rente Rentestigning (2%) 

Ydelse       
Ydelse pr. måned før skat, startdato: 3.644 3.644 3.645 

Ydelse pr. måned efter skat, startdato: 3.329 3.329 3.329 

Ydelse pr. måned efter skat, horisontdato: 3.230 3.305 3.766 

Samlet ydelse i perioden efter skat: 196.288 199.521 220.058 

Heraf rente og bidrag: 27.182 37.192 88.730 

Heraf afdrag: 169.107 162.329 131.328 

        
Resultat efter 5 år       
Kontantlånsrestgæld: 854.893 861.671 892.672 

Indfrielsesomkostninger efter skat: 4.382 4.374 3.951 

Skønnet indfrielsesbeløb inkl. omk.: 859.639 866.158 896.686 

Skøn på indfrielseskurs inkl. omk.: 100,56 100,52 100,45 

Periodeomkostninger: 55.728 65.480 116.544 

Source: Scanrate, Boligregner.dk (2014) 
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Appendix A-3: Stress Test, Interest Rate Scenarios, ARM w/ Deferred Amortization 

Rentetilpasningslån, F1, 10 års afdragsfrihed Rentefald (1%) Uændret rente Rentestigning (2%) 

Ydelse       
Ydelse pr. måned før skat, startdato: 1.062 1.062 1.064 

Ydelse pr. måned efter skat, startdato: 705 705 706 

Ydelse pr. måned efter skat, horisontdato: 538 766 1.919 

Samlet ydelse i perioden efter skat: 34.399 45.202 100.021 

Heraf rente og bidrag: 34.399 45.202 100.021 

Heraf afdrag: 0 0 0 

        
Resultat efter 5 år       
Kontantlånsrestgæld: 1.024.000 1.024.000 1.024.000 

Indfrielsesomkostninger efter skat: 3.049 3.048 3.048 

Skønnet indfrielsesbeløb inkl. omk.: 1.027.501 1.027.196 1.027.126 

Skøn på indfrielseskurs inkl. omk.: 100,34 100,31 100,31 

Periodeomkostninger: 61.700 72.198 126.947 

Source: Scanrate, Boligregner.dk (2014) 
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Appendix A-4: Stress Test, Interest Rate Scenarios, 30-year FRM 

2.5% fast rente obligationslån Rentefald (1%) Uændret rente Rentestigning (2%) 

Ydelse       
Ydelse pr. måned før skat, startdato: 4.642 4.642 4.642 

Ydelse pr. måned efter skat, startdato: 3.732 3.732 3.732 

Ydelse pr. måned efter skat, horisontdato: 3.781 3.781 3.781 

Samlet ydelse i perioden efter skat: 225.754 225.754 225.754 

Heraf rente og bidrag: 102.244 102.244 102.244 

Heraf afdrag: 123.510 123.510 123.510 

        
Resultat efter 5 år       
Obligationsrestgæld: 911.490 911.490 911.490 

Indfrielsesomkostninger efter skat: 1.662 1.622 2.593 

Skønnet indfrielsesbeløb inkl. omk.: 913.152 913.112 799.053 

Skøn på indfrielseskurs inkl. omk.: 100,18 100,18 87,66 

Periodeomkostninger: 138.263 138.223 24.164 

Source: Scanrate, Boligregner.dk (2014) 
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Appendix B: Riding the Yield Curve Calculations  

 

Appendix B-1: Riding the Yield Curve Calculations, ARM 

År 2009 2010 2011 2012 2013 2014 

Rente 4.83 1.86 1.44 1.18 0.30 0.19 

Rente + Bidrag 5,73 2,76 2,34 2,08 1,2 1,09 

Rente + Bidrag + Admin 6 3 2,6 2,35 1,45 1,35 

Årlig Rente 0,06 0,03 0,026 0,0235 0,0145 0,0135 

Kvartalsrente 0,015 0,0075 0,0065 0,005875 0,003625 0,003375 
Source: Association of Danish Mortgage  Banks (2014), Nordea (2014) and own origination 

ARM Før Skat Efter Skat 

Tid Restgæld Rentebidrag Afdrag Ydelse Aktuel Rente 
Rentebidrag 

Efter Skat 
Ydelse Efter 

Skat 

1 
                        

1.000.000,00  
                        

15.000,00  
                          

3.018,52  
                        

18.018,52  0,015000 
                        

10.050,00  
                        

13.068,52  

2 
                            

996.981,48  
                        

14.954,72  
                          

3.063,80  
                        

18.018,52  0,015000 
                        

10.019,66  
                        

13.083,46  

3 
                            

993.917,68  
                        

14.908,77  
                          

3.109,75  
                        

18.018,52  0,015000 
                          

9.988,87  
                        

13.098,63  

4 
                            

990.807,93  
                        

14.862,12  
                          

3.156,40  
                        

18.018,52  0,015000 
                          

9.957,62  
                        

13.114,02  

5 
                            

987.651,53  
                          

7.407,39  
                          

5.530,65  
                        

12.938,03  0,007500 
                          

4.962,95  
                        

10.493,60  

6 
                            

982.120,88  
                          

7.365,91  
                          

5.572,13  
                        

12.938,03  0,007500 
                          

4.935,16  
                        

10.507,29  

7 
                            

976.548,75  
                          

7.324,12  
                          

5.613,92  
                        

12.938,03  0,007500 
                          

4.907,16  
                        

10.521,08  

8 
                            

970.934,83  
                          

7.282,01  
                          

5.656,02  
                        

12.938,03  0,007500 
                          

4.878,95  
                        

10.534,97  

9 
                            

965.278,81  
                          

6.274,31  
                          

6.322,90  
                        

12.597,21  0,006500 
                          

4.203,79  
                        

10.526,69  

10 
                            

958.955,91  
                          

6.233,21  
                          

6.364,00  
                        

12.597,21  0,006500 
                          

4.176,25  
                        

10.540,25  

11 
                            

952.591,92  
                          

6.191,85  
                          

6.405,36  
                        

12.597,21  0,006500 
                          

4.148,54  
                        

10.553,90  

12 
                            

946.186,56  
                          

6.150,21  
                          

6.447,00  
                        

12.597,21  0,006500 
                          

4.120,64  
                        

10.567,64  

13 
                            

939.739,56  
                          

5.520,97  
                          

7.010,65  
                        

12.531,62  0,005875 
                          

3.699,05  
                        

10.709,70  

14 
                            

932.728,91  
                          

5.479,78  
                          

7.051,83  
                        

12.531,62  0,005875 
                          

3.671,45  
                        

10.723,29  

15 
                            

925.677,08  
                          

5.438,35  
                          

7.093,26  
                        

12.531,62  0,005875 
                          

3.643,70  
                        

10.736,96  

16 
                            

918.583,82  
                          

5.396,68  
                          

7.134,94  
                        

12.531,62  0,005875 
                          

3.615,78  
                        

10.750,71  

17 
                            

911.448,88  
                          

3.304,00  
                          

8.254,71  
                        

11.558,71  0,003625 
                          

2.213,68  
                        

10.468,39  

18 
                            

903.194,17  
                          

3.274,08  
                          

8.284,64  
                        

11.558,71  0,003625 
                          

2.193,63  
                        

10.478,27  

19 
                            

894.909,53  
                          

3.244,05  
                          

8.314,67  
                        

11.558,71  0,003625 
                          

2.173,51  
                        

10.488,18  

20 
                            

886.594,87  
                          

3.213,91  
                          

8.344,81  
                        

11.558,71  0,003625 
                          

2.153,32  
                        

10.498,12  

21 
                            

878.250,06  
                          

2.964,09  
                          

8.834,85  
                        

11.798,95  0,003375 
                          

1.985,94  
                        

10.820,80  

22 
                            

869.415,20  
                          

2.934,28  
                          

8.864,67  
                        

11.798,95  0,003375 
                          

1.965,97  
                        

10.830,64  

23 
                            

860.550,53  
                          

2.904,36  
                          

8.894,59  
                        

11.798,95  0,003375 
                          

1.945,92  
                        

10.840,51  

24 
                            

851.655,94  
                          

2.874,34  
                          

8.924,61  
                        

11.798,95  0,003375 
                          

1.925,81  
                        

10.850,42  

25 
                            

842.731,33              

 Resultat 
Samlet 

Rentebidrag Samlet Afdrag Samlet Ydelse 

Årlig 
Gennemsnits

rente 
Rentebidrag 

Efter Skat 
Ydelse Efter 

Skat 

 ARM 
                      

160.503,50  
                      

157.268,67  
                      

317.772,17  0,027917 
                      

107.537,34  
                      

264.806,01  
Source: Own origination (2014) 
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Appendix B-2: Riding the Yield Curve Calculations, FRM 

År 2009 - 2014 

Årlig Rente 0,08 

Kvartalsrente 0,02 

Source: Association of Danish Mortgage  Banks (2014), Nordea (2014) and own origination 

 

FRM Før Skat Efter Skat 

Tid Restgæld Rentebidrag Afdrag Ydelse 
Rentebidrag Efter 

Skat Ydelse Efter Skat 

1 
              

1.000.000,00  
                    

20.000,00  
                      

2.048,10  
                    

22.048,10  
                    

13.400,00  
                    

15.448,10  

2 
                 

997.951,90  
                    

19.959,04  
                      

2.089,06  
                    

22.048,10  
                    

13.372,56  
                    

15.461,62  

3 
                 

995.862,84  
                    

19.917,26  
                      

2.130,84  
                    

22.048,10  
                    

13.344,56  
                    

15.475,41  

4 
                 

993.731,99  
                    

19.874,64  
                      

2.173,46  
                    

22.048,10  
                    

13.316,01  
                    

15.489,47  

5 
                 

991.558,53  
                    

19.831,17  
                      

2.216,93  
                    

22.048,10  
                    

13.286,88  
                    

15.503,81  

6 
                 

989.341,61  
                    

19.786,83  
                      

2.261,27  
                    

22.048,10  
                    

13.257,18  
                    

15.518,45  

7 
                 

987.080,34  
                    

19.741,61  
                      

2.306,49  
                    

22.048,10  
                    

13.226,88  
                    

15.533,37  

8 
                 

984.773,84  
                    

19.695,48  
                      

2.352,62  
                    

22.048,10  
                    

13.195,97  
                    

15.548,59  

9 
                 

982.421,22  
                    

19.648,42  
                      

2.399,68  
                    

22.048,10  
                    

13.164,44  
                    

15.564,12  

10 
                 

980.021,55  
                    

19.600,43  
                      

2.447,67  
                    

22.048,10  
                    

13.132,29  
                    

15.579,96  

11 
                 

977.573,88  
                    

19.551,48  
                      

2.496,62  
                    

22.048,10  
                    

13.099,49  
                    

15.596,11  

12 
                 

975.077,25  
                    

19.501,55  
                      

2.546,55  
                    

22.048,10  
                    

13.066,04  
                    

15.612,59  

13 
                 

972.530,70  
                    

19.450,61  
                      

2.597,49  
                    

22.048,10  
                    

13.031,91  
                    

15.629,40  

14 
                 

969.933,21  
                    

19.398,66  
                      

2.649,44  
                    

22.048,10  
                    

12.997,11  
                    

15.646,54  

15 
                 

967.283,78  
                    

19.345,68  
                      

2.702,42  
                    

22.048,10  
                    

12.961,60  
                    

15.664,03  

16 
                 

964.581,35  
                    

19.291,63  
                      

2.756,47  
                    

22.048,10  
                    

12.925,39  
                    

15.681,86  

17 
                 

961.824,88  
                    

19.236,50  
                      

2.811,60  
                    

22.048,10  
                    

12.888,45  
                    

15.700,06  

18 
                 

959.013,28  
                    

19.180,27  
                      

2.867,83  
                    

22.048,10  
                    

12.850,78  
                    

15.718,61  

19 
                 

956.145,44  
                    

19.122,91  
                      

2.925,19  
                    

22.048,10  
                    

12.812,35  
                    

15.737,54  

20 
                 

953.220,25  
                    

19.064,41  
                      

2.983,69  
                    

22.048,10  
                    

12.773,15  
                    

15.756,85  

21 
                 

950.236,56  
                    

19.004,73  
                      

3.043,37  
                    

22.048,10  
                    

12.733,17  
                    

15.776,54  

22 
                 

947.193,19  
                    

18.943,86  
                      

3.104,24  
                    

22.048,10  
                    

12.692,39  
                    

15.796,62  

23 
                 

944.088,95  
                    

18.881,78  
                      

3.166,32  
                    

22.048,10  
                    

12.650,79  
                    

15.817,11  

24 
                 

940.922,63  
                    

18.818,45  
                      

3.229,65  
                    

22.048,10  
                    

12.608,36  
                    

15.838,01  

25 
                 

937.692,98            

 Resultat Samlet Rentebidrag Samlet Afdrag Samlet Ydelse 
Rentebidrag Efter 

Skat Ydelse Efter Skat 

 FRM 
                 

466.847,38  
                    

62.307,02  
                 

529.154,40  
                 

312.787,75  
                 

375.094,76  
Source: Own Origination (2014) 
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Appendix C: Implicit Forward Rates based on Zero-coupon Rates 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Datastream (September 30th 2014) and own origination 

  

Time Zero-Coupon Rates Forward Rates 

1 0,003008 0,003008 

2 0,00488 0,00675549 

3 0,005525 0,00681624 

4 0,006496 0,00941463 

5 0,007748 0,01277159 

6 0,009156 0,01622556 

7 0,01071 0,02008438 

8 0,012256 0,02314442 

9 0,013716 0,02547206 

10 0,015057 0,02720611 

11 0,016261 0,02837983 

12 0,017336 0,02923632 

13 0,018298 0,0299132 

14 0,019133 0,03005051 

15 0,019859 0,03007747 

16 0,020472 0,02971134 

17 0,020982 0,02917675 

18 0,0214 0,02853224 

19 0,021739 0,02786028 

20 0,022014 0,02725309 

21 0,022238 0,02672832 

22 0,022416 0,02616117 

23 0,022557 0,02566392 

24 0,022667 0,02520027 

25 0,022752 0,02479412 

26 0,022816 0,0244173 

27 0,022866 0,02416686 

28 0,0229 0,02381843 

29 0,022919 0,02345114 

30 0,022923 0,02303901 
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Appendix D: Model and Assumptions of the Household Decision Rule  

The following is taken from the Setup-section of the paper “Mortgage Timing” by Koijen et al. (2009). 

 

Setup 

For the simplicity of the model, we consider an investment horizon of two periods. At time t = 0 the 

household purchases a house financed by a mortgage, which is either an ARM or a FRM. The mortgage 

contract reaches maturity after two periods. The house has a nominal value of 𝐻𝑡
𝐷𝐾𝐾 at time t. There is 

no amortization on the loan and the loan to value ratio is 100%, such that the mortgage balance is 𝐵 =

𝐻𝑡
𝐷𝐾𝐾. Interest payments on the mortgage are paid at times t = 1 and t = 2 and the nominal interest rate 

is 𝑞𝑖, where i ϵ {FRM, ARM}. Each period the household receives income 𝐿𝑡
𝐷𝐾𝐾. At time t = 2 the 

household sells the house and pays out the mortgage. 

To understand the optimal mortgage choice for the household described above, we need to introduce 

risk-aversion and lifetime utility.  

Where the household that chooses an FRM knows the value of all future nominal mortgage payments, 

the household that chooses an ARM only knows the value of next periods nominal payment. The risk-

averse investor will trade off the lower expected payments of the ARM due to the uncertainty caused 

by the higher variability of the payments.  

In the model, households are identical, except in their attitude towards risk. The cumulative distribution 

function of risk-aversion is represented by 𝐹(𝑦), where 𝑦 is the parameterization of the household’s risk 

aversion. 

With respect to the household’s lifetime utility, the model assumes that investors are borrowing-

constrained, such that they cannot hedge their position on the mortgage market. Each period, the 

household consumes what is left of the income 𝐿𝑡
𝐷𝐾𝐾 once the mortgage payments have been made. 

Terminal consumption is equal to income after the mortgage payment plus the difference between the 

value of the house and the mortgage balance. Lifetime utility is maximized over real consumption 

streams (𝐶/П), where П is the price index and П0 = 1. The subjective time discount factor is exp(−𝛽). 
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The maximization problem of household j: 

max(𝑖 ∈ {𝐹𝑅𝑀,𝐴𝑅𝑀}) − log(𝐸0[𝑒
−𝛽−𝑦𝑗𝐶1/П1]) − log(𝐸0[𝑒

−𝛽−𝑦𝑗𝐶2/П2]) 

where  𝐶1 =𝐿1
𝐷𝐾𝐾 −𝑞1

𝑖𝐵 

 𝐶2 =𝐿2
𝐷𝐾𝐾 −𝑞2

𝑖𝐵 +𝐻2
𝐷𝐾𝐾 − 𝐵 

It is assumed that real labor income, 𝐿𝑡 =𝐿𝑡
𝐷𝐾𝐾/П𝑡, is stochastic and persistent: 

 𝐿𝑡+1 =µ𝐿 +𝜌𝐿(𝐿𝑡 −µ𝐿) +𝜎𝐿𝜀𝑡+1
𝐿 , 𝜀𝑡+1

𝐿 ~𝑁(0,1)  

Further it is assumed that the real house value is constant, why 𝐻𝑡 =𝐻𝑡
𝐷𝐾𝐾/П𝑡. 

Bond pricing 

The one-period nominal short rate at time t, 𝑦𝑡
𝐷𝐾𝐾(1), is the sum of the real rate, 𝑦𝑡(1), and expected 

inflation, 𝑥𝑡: 

  𝑦𝑡
𝐷𝐾𝐾(1) = 𝑦𝑡(1) +𝑥𝑡 . 

The equivalent price of the one-period nominal bond is 𝑃𝑡
𝐷𝐾𝐾(1). Real and expected inflation are 

assumed to coincide, as in the works of Cambell and Cocco (2003), such that there is no unexpected 

inflation risk. 

Both processes are modelled to be first-order autoregressive, to make room for the persistence in the 

real rate and expected inflation: 

 𝑦𝑡+1(1) =  µ𝑦 +𝜌𝑦(𝑦𝑡(1) −µ𝑦) +𝜎𝑦𝜀𝑡+1
𝑦

, 

 𝑦𝑡+1 =µ𝑥 +𝜌𝑥(𝑥𝑡 −µ𝑥) +𝜎𝑥𝜀𝑡+1
𝑥 . 

Their innovations are jointly Gaussian with correlation matrix R: 

 [
𝜀𝑡+1
𝑦

𝜀𝑡+1
𝑥 ]~𝑁 ([

0
0
] , [

1 𝜌𝑥𝑦
𝜌𝑥𝑦 1

]) = 𝑁(02𝑥1, 𝑅).  

It is assumed that labor income risk is uncorrelated with real rate and expected inflation. This structure 

is the equivalent to a conditionally Gaussian term structure model. The innovation in the model 

compared to existing mortgage choice literature is that the market prices of risk, 𝜆𝑡, are time-varying. 

The nominal pricing kernel MDKK takes the following form: 

 𝑙𝑜𝑔𝑀𝑡+1
𝐷𝐾𝐾 =−𝑦𝑡

𝐷𝐾𝐾(1) −½𝜆′𝑡𝑅𝜆𝑡 −𝜆′𝑡𝜀𝑡+1   
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where 𝜀𝑡+1 = [𝜀𝑡+1
𝑦

, 𝜀𝑡+1
𝑥 ]

′
 and 𝜆𝑡 = [𝜆𝑡

𝑦
, 𝜆𝑡

𝑥]
′
. 

The no-arbitrage price of a two-period zero-coupon bond is:  

 𝑒−2𝑦0
𝐷𝐾𝐾(2) =𝐸0[𝑀𝑡+1

𝐷𝐾𝐾𝑀𝑡+2
𝐷𝐾𝐾] =  𝑒−𝑦0

𝐷𝐾𝐾(1)−𝐸0(𝑦1
𝐷𝐾𝐾(1))+𝜆′0𝑅𝜎+½𝜎′𝑅𝜎  

with 𝜎 = [𝜎𝑦, 𝜎𝑥]′. This equation implies that the long rate equals the average expected future rate plus 

a time-varying nominal bond risk premium, ∅𝐷𝐾𝐾: 

y0
𝐷𝐾𝐾(2) = 

𝑦0
𝐷𝐾𝐾(1) + 𝐸0(𝑦1

𝐷𝐾𝐾(1))

2
−

𝜆′0𝑅𝜎

2
−

1

4
𝜎′𝑅𝜎 

=
𝑦0
𝐷𝐾𝐾(1) + 𝐸0(𝑦1

𝐷𝐾𝐾(1))

2
+∅0

𝐷𝐾𝐾(2) 

The long-term nominal bond risk premium ∅0
𝐷𝐾𝐾(2) contains the market price of risk 𝜆0 and absorbs the 

Jensen correction term. 

Mortgage pricing 

Due to competition in the mortgage market, mortgage lenders prices ARM and FRM contracts to 

maximize profit, and take the term structure dictated by the Treasury interest rates generated by the 

discount factors of the pricing kernel 𝑀𝐷𝐾𝐾 as given.  

As we recall, B represents the mortgage balance and the ARM rate at time t is 𝑞𝑡
𝐴𝑅𝑀. This rate is applied 

to the mortgage payment due at time t+1. Each period, the zero-profit condition for the ARM rate 

satisfies: 

 𝐵 = 𝐸𝑡[𝑀𝑡+1
𝐷𝐾𝐾(𝑞𝑡

𝐴𝑅𝑀 + 1)𝐵] = (𝑞𝑡
𝐴𝑅𝑀 + 1)𝐵𝑃𝑡

𝐷𝐾𝐾(1), 

Implying that the ARM rate is equal to the one-period nominal short rate, up to an approximation:

  

 𝑞𝑡
𝐴𝑅𝑀 =𝑃𝑡

𝐷𝐾𝐾(1)−1 − 1 ≅ 𝑦𝑡
𝐷𝐾𝐾(1) 

In the same manner, the zero profit condition for the FRM contract requires that the present discounted 

value of the FRM payments must equal the initial loan balance: 

 𝐵 = 𝐸0[𝑀1
𝐷𝐾𝐾𝑞0

𝐹𝑅𝑀𝐵 +𝑀1
𝐷𝐾𝐾𝑀2

𝐷𝐾𝐾𝑞0
𝐹𝑅𝑀𝐵 +𝑀1

𝐷𝐾𝐾𝑀2
𝐷𝐾𝐾𝐵] 

=𝑞0
𝐹𝑅𝑀𝑃0

𝐷𝐾𝐾(1)𝐵 + [𝑞0
𝐹𝑅𝑀 + 1]𝑃0

𝐷𝐾𝐾(2)𝐵. 
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The nominal interest rate on the FRM is fixed for the duration of the contract. The FRM rate, equivalent 

to a two-period coupon-bearing bond yield, is equal to: 

𝑞0
𝐹𝑅𝑀 =

1 −𝑃0
𝐷𝐾𝐾(2)

𝑃0
𝐷𝐾𝐾(1) +𝑃0

𝐷𝐾𝐾(2)
≅ 

2𝑦0
𝐷𝐾𝐾(2)

2 −𝑦0
𝐷𝐾𝐾(1) − 2𝑦0

𝐷𝐾𝐾(2)
≅  𝑦0

𝐷𝐾𝐾(2). 

The FRM rate is approximately equal to the two-period nominal bond rate. 

The set-up of the model is based on two assumptions. Firstly, the stochastic discount factor 𝑀𝐷𝐾𝐾 that 

prices the term structure of interest rates is different from the intertemporal marginal rate of 

substitution of the households used in the model. If this were not the case, mortgage choice would be 

indeterminate. Secondly, mortgages are priced as derivatives contracts on the Treasury yield curve. That 

way, the same sources that drive time-variation in the Treasury yield curve will govern time variation in 

mortgage rates. 

Bond Risk Premia 

To test the theory, the nominal bond risk premium must be measurable. This is the difference between 

the current nominal long yield and the average expected future nominal short rate: 

∅𝑡
$(𝜏) = 𝑦𝑡

$(𝜏) −
1

𝜏
∑ 𝐸𝑡[𝑦𝑡+𝑗−1

$ (1)]𝜏
𝑗=1   

Here, the obstacle is finding a way to measure the second term on the right, which is the average 

expected future short rate. 

Assuming that households measure expected future short rates by making simple averages of recent 

short rates, we arrive at the household decision rule 𝐾𝑡(𝜌; 𝜏): 

 ∅𝑡
$(𝜏) ≅ 𝑦𝑡

$(𝜏) −
1

𝜏
∑ {

1

𝜌
∑ 𝑦𝑡−𝑢

$ (1)
𝜌−1
𝑢=0 }𝜏

𝑗=1  

=𝑦𝑡
$(𝜏) −

1

𝜌
∑𝑦𝑡−𝑢

$ (1)

𝜌−1

𝑢=0

≡ 𝐾𝑡(𝜌; 𝜏) 

This is modelled on the basis of adaptive expectations, that only involves data on the current long-term 

rate and a history of recent short-term rates as well as the ability to calculate a simple average. Thereby, 

the adaptive expectations deliver a simple approximation of the theoretical bond risk premium via K-

values. 

(Koijen et al., 2009: pp. 297-300 )  
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Appendix E: Regression Analyses of the Household Decision Rule 

 

Appendix E-1: Regression Analysis, No Time Lag, FRM & K(2(ARM);FRM) / K(3(ARM);FRM)  

RESUMEOUTPUT K(2(ARM);FRM) + FRM SHARE   

       

Regressionsstatistik      

Multipel R 0,234078      

R-kvadreret 0,054793      

Justeret R-kvadreret 0,03821      

Standardfejl 18,08321      

Observationer 59      

       

ANAVA       

  fg SK MK F Signifikans F  

Regression 1 1080,493 1080,493 3,304233 0,074358  

Residual 57 18639,15 327,0026    

I alt 58 19719,64        

       

  Koefficienter Standardfejl t-stat P-værdi Nedre 95% Øvre 95% 

Skæring 34,80615 9,082918 3,832045 0,000319 16,61792 52,99438 

X-variabel 1 6,868003 3,778289 1,817755 0,074358 -0,69789 14,4339 

       

RESUMEOUTPUT K(3(ARM);FRM) + FRM SHARE   

       

Regressionsstatistik      

Multipel R 0,331582      

R-kvadreret 0,109947      

Justeret R-kvadreret 0,093764      

Standardfejl 17,11271      

Observationer 57      

       

ANAVA       

  frihedgrad SK MK F Signifikans F  

Regression 1 1989,603 1989,603 6,794052 0,011747  

Residual 55 16106,47 292,8448    

I alt 56 18096,07        

       

  Koefficienter Standardfejl t-stat P-værdi Nedre 95% Øvre 95% 

Skæring 28,54621 8,466646 3,371607 0,001373 11,57867 45,51374 

X-variabel 1 9,873502 3,787972 2,60654 0,011747 2,282236 17,46477 
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Appendix E-2: Regression Analysis, 1 Time Lag, FRM & K(2(ARM);FRM) / K(3(ARM);FRM)  

RESUMEOUTPUT K(2(ARM);FRM) + FRM SHARE   

       

Regressionsstatistik      

Multipel R 0,209485      

R-kvadreret 0,043884      

Justeret R-kvadreret 0,026811      

Standardfejl 18,17945      

Observationer 58      

       

ANAVA       

  fg SK MK F 
Signifikans 

F  

Regression 1 849,4649 849,4649 2,570301 0,114513  

Residual 56 18507,57 330,4924    

I alt 57 19357,04        

       

  Koefficienter Standardfejl t-stat P-værdi Nedre 95% Øvre 95% 

Skæring 36,27586 9,143753 3,967284 0,000209 17,95872 54,593 

X-variabel 1 6,114026 3,813601 1,603216 0,114513 -1,52554 13,75359 

       

       

RESUMEOUTPUT K(3(ARM);FRM) + FRM SHARE   

       

Regressionsstatistik      

Multipel R 0,23605      

R-kvadreret 0,055719      

Justeret R-kvadreret 0,038233      

Standardfejl 16,95704      

Observationer 56      

       

ANAVA       

  fg SK MK F 
Signifikans 

F  

Regression 1 916,2192 916,2192 3,186394 0,079871  

Residual 54 15527,22 287,5411    

I alt 55 16443,44        

       

  Koefficienter Standardfejl t-stat P-værdi Nedre 95% Øvre 95% 

Skæring 34,64347 8,404204 4,122159 0,00013 17,79405 51,49288 

X-variabel 1 6,732638 3,771686 1,785047 0,079871 -0,82914 14,29441 
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Appendix E-3: Regression Analysis, No Time Lag, FRM & K(2(1);5) / K(3(1);5) 

RESUMEOUTPUT FRM + K(2(1);5)    

       

Regressionsstatistik      

Multipel R 0,4399099      

R-kvadreret 0,1935207      

Justeret R-kvadreret 0,1793719      

Standardfejl 16,703545      

Observationer 59      

       

ANAVA       

  fg SK MK F 
Signifikans 

F  

Regression 1 3816,1581 3816,1581 13,677573 0,0004898  

Residual 57 15903,48 279,00843    

I alt 58 19719,639        

       

  Koefficienter Standardfejl t-stat P-værdi Nedre 95% Øvre 95% 

Skæring 45,718811 2,5654299 17,821111 5,658E-25 40,581626 50,855996 

X-variabel 1 11,173141 3,0211393 3,6983203 0,0004898 5,1234136 17,222868 

       

       

RESUMEOUTPUT FRM + K(3(1);5)    

       

Regressionsstatistik      

Multipel R 0,4365705      

R-kvadreret 0,1905938      

Justeret R-kvadreret 0,1756048      

Standardfejl 15,699388      

Observationer 56      

       

ANAVA       

  fg SK MK F 
Signifikans 

F  

Regression 1 3134,0177 3134,0177 12,715574 0,0007688  

Residual 54 13309,423 246,47079    

I alt 55 16443,44        

       

  Koefficienter Standardfejl t-stat P-værdi Nedre 95% Øvre 95% 

Skæring 46,530726 2,2172694 20,985599 1,237E-27 42,085369 50,976084 

X-variabel 1 10,176987 2,8539819 3,5658904 0,0007688 4,4550975 15,898876 
Source: Own origination (2014) 
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Appendix E-4: Regression Analysis, 1 Time Lag, FRM & K(2(1);5) / K(3(1);5) 

RESUMEOUTPUT FRM + K(2(1);5)    

       

Regressionsstatistik      

Multipel R 0,487073      

R-kvadreret 0,23724      

Justeret R-kvadreret 0,22362      

Standardfejl 16,2375      

Observationer 58      

       

ANAVA       

  fg SK MK F Signifikans F  

Regression 1 4592,27106 4592,27106 17,4176266 0,00010561  

Residual 56 14764,7659 263,656533    

I alt 57 19357,0369        

       

  Koefficienter Standardfejl t-stat P-værdi Nedre 95% Øvre 95% 

Skæring 44,91721 2,50772456 17,9115411 7,5327E-25 39,8936356 49,9407875 

X-variabel 1 12,25747 2,93701603 4,17344302 0,00010561 6,37391896 18,1410192 

       

       

RESUMEOUTPUT FRM + K(3(1);5)    

       

Regressionsstatistik      

Multipel R 0,439358      

R-kvadreret 0,193036      

Justeret R-kvadreret 0,17781      

Standardfejl 15,15813      

Observationer 55      

       

ANAVA       

  fg SK MK F Signifikans F  

Regression 1 2913,06316 2913,06316 12,6782367 0,00079093  

Residual 53 12177,7461 229,768795    

I alt 54 15090,8093        

       

  Koefficienter Standardfejl t-stat P-værdi Nedre 95% Øvre 95% 

Skæring 45,98246 2,15615172 21,3261696 1,1301E-27 41,6577646 50,30715 

X-variabel 1 9,814491 2,75637535 3,56065116 0,00079093 4,28590226 15,3430799 
 

Source: Own origination (2014)  
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Appendix F: Regression Analyses, Long Yield and Yield Spread 

 

Appendix F-1: Long Yield Regression, No Time Lag, ARM & Mortgage / Zero-Coupon 

RESUMEOUTPUT ARM + Long Yield (Mortgage Rates)  

       
Regressionsstatistik      

Multipel R 0,3380358      
R-kvadreret 0,1142682      
Justeret R-kvadreret 0,0987291      
Standardfejl 17,375593      
Observationer 59      
       
ANAVA       

  fg SK MK F Signifikans F  
Regression 1 2220,125 2220,125 7,353568 0,008831  
Residual 57 17208,94 301,9112    
I alt 58 19429,07        

       
  Koefficienter Standardfejl t-stat P-værdi Nedre 95% Øvre 95% 

Skæring 74,200749 9,951805 7,456009 5,53E-10 54,2726 94,1289 
X-variabel 1 -5,0058011 1,84597 -2,71175 0,008831 -8,70229 -1,30931 

       
       

RESUMEOUTPUT ARM + Long Yield (Zero-Coupon Rates)  

       
Regressionsstatistik      

Multipel R 0,38937      
R-kvadreret 0,151609      
Justeret R-kvadreret 0,1367249      
Standardfejl 17,005388      
Observationer 59      
       
ANAVA       

  fg SK MK F Signifikans F  

Regression 1 2945,621 2945,621 10,186 0,002303  
Residual 57 16483,44 289,1832    
I alt 58 19429,07        

       

  Koefficienter Standardfejl t-stat P-værdi Nedre 95% Øvre 95% 

Skæring 65,312455 5,881956 11,10387 7,05E-16 53,53404 77,09087 
X-variabel 1 -4,994264 1,564839 -3,19155 0,002303 -8,1278 -1,86073 

 
Source: Own origination (2014) 
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Appendix F-2: Yield Spread Regression, No Time Lag, ARM & Mortgage / Zero-Coupon 

RESUMEOUTPUT ARM + Yield Spread (Mortgage Rates)  

       

Regressionsstatistik      

Multipel R 0,456262      
R-kvadreret 0,208175      
Justeret R-
kvadreret 0,194284      
Standardfejl 16,42869      
Observationer 59      

       
ANAVA       

  fg SK MK F 
Signifikans 

F  

Regression 1 4044,652 4044,652 14,98563 0,000281  
Residual 57 15384,41 269,902    
I alt 58 19429,07        

       

  Koefficienter Standardfejl t-stat P-værdi Nedre 95% 
Øvre 
95% 

Skæring 18,08054 7,999543 2,260196 0,027647 2,06173 34,09935 
X-variabel 1 11,74062 3,032868 3,871128 0,000281 5,667407 17,81383 

       
       

RESUMEOUTPUT ARM + Yield Spread (Zero-coupon Rates)  

       

Regressionsstatistik      

Multipel R 0,290216      
R-kvadreret 0,084225      
Justeret R-
kvadreret 0,068159      
Standardfejl 17,66782      
Observationer 59      

       
ANAVA       

  fg SK MK F 
Signifikans 

F  

Regression 1 1636,418 1636,418 5,242381 0,025766  
Residual 57 17792,65 312,1517    
I alt 58 19429,07        

       

  Koefficienter Standardfejl t-stat P-værdi Nedre 95% 
Øvre 
95% 

Skæring 42,10766 3,425766 12,29146 1,15E-17 35,24768 48,96764 
X-variabel 1 8,80445 3,845368 2,289625 0,025766 1,104233 16,50467 

Source: Own origination (2014)  
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