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Abstract 
Households generally have little or no possibility to unload their real estate risk, which constitutes a large part of 
their total portfolio risk. The aim of this study is to analyze a way for households to unload this risk through a so-
called index-linked mortgage financed by a fund. The study examines how such a mortgage could be structured, and 
how it will affect the bank, the borrower and the fund investor compared to a conventional mortgage. The nominal 
loan value and therefore also the interest payments of the studied index-linked mortgage will vary according to the 
HOX Flats Stockholm Index. Through linear optimization, the structure is optimized from a borrower’s perspective 
but is subject to a set of constraints on the bank’s and the fund’s profitability and risk levels. The optimal structure is 
tested through a scenario analysis for different outcomes of apartment price developments and also through a 
sensitivity analysis to test the effect of shifting conventional mortgage rates. The results show that the interest rate 
payment burden will consistently be lower for the index-linked mortgage than for the conventional mortgage. The 
borrower is insured against house price drops but have to give up some of the upside potential on the property 
investment if house prices increase. The fund gets a satisfactory payoff in relation to the real estate market 
movement while it is somewhat protected when house prices decline. The bank issuing the mortgages will always 
experience a profit, but the conventional mortgage is more profitable for negative index scenarios. Furthermore, the 
probability of default decreases for the index-linked mortgage holder when prices drop as the loan to value ratio 
(LTV) always remains below 100 percent for index decreases up to 40 percent. The structure is appropriate for low-
income households who will have difficulties paying back the loan when apartment prices drops. This study 
contributes to theory in hedging of real estate risk, mortgage risk and financial innovation.  
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Sammanfattning 
Hushåll har generellt få möjligheter att försäkra sig mot husprisrisk som idag utgör en stor del av hushållens totala 
portföljrisk. Denna studie undersöker en möjlighet för hushåll att försäkra sig mot sådan risk genom ett så kallat 
index-länkat bolån som finansieras genom en fond. Studien kontrollerar hur ett index-länkat lån kan struktureras och 
hur det påverkar banken, låntagaren och fondinvesteraren i jämförelse med ett traditionellt bolån. Lånets nominella 
värde och därmed även räntebetalningarna som är kopplade till lånet varierar enligt förändringar i HOX Flats 
Stockholm Index. Lånestrukturen optimerats genom linjär optimering med hänsyn till låntagarens lönsamhet och 
med bivillkor på bankens och fondens risktagande respektive lönsamhet. Den optimerade strukturen testas genom 
scenarioanalys för olika utfall av lägenhetsprisutveckling samt genom en känslighetsanalys av den traditionella 
bolåneräntan. Resultaten visar att den månatliga betalningsbördan för räntebetalningarna alltid kommer att vara 
lägre för hushåll som håller ett index-länkade bolånet än för de som innehar ett vanligt lån. Det index-länkade lånet 
innebär att bolånetagare får ge upp en viss del av vinsten då bostadspriser stiger i förhållande till ett vanligt bolån 
men ger ett skydd mot förluster vid en nedgång i bostadspriser. Fonden visar sig kunna ge en god avkastning i 
relation till indexets utveckling och ger ett visst skydd mot fall i bostadsmarknaden. Banken som ger ut index-
länkade bolån kommer alltid att gå med vinst, dock är vanliga bolån mer lönsamma vid nedgång i huspriser. 
Fortsättningsvis minskar risken att ”defaulta” för hushåll med det index-länkade bolånet då huspriser faller eftersom 
strukturen innebär ett loan to value ratio (LTV) under 100 procent upp till en prisnedgång på 40 procent. Resultatet 
visar att index-länkade lån passar låginkomsttagare och hushåll som kommer att ha svårt att betala tillbaka sitt lån 
om bostadspriserna faller. Studien bidrar till teori inom husprisriskförsäkring samt till teori inom finansiell 
innovation.  
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1 INTRODUCTION 

This chapter will present a background to the study and is intended to give the reader an 

understanding of the current situation on the Swedish housing market. Relevant problems are 

highlighted and discussed and after that, the purpose and the research questions of the study 

are presented. Additionally, discussions of the study’s delimitation and its contribution will be 

held. The chapter ends with an outline of the disposition of the paper.   

 BACKGROUND 1.1

In the 1990s Sweden faced a financial crisis where house prices fell by almost 30 percent. In 

Stockholm alone prices fell even more and the decline amounted to 39 percent 

(Ekonomifakta, 2014). The background was that during the second half of the 1980s, the 

credit market was deregulated and household debt relative to disposable income increased 

from 101 percent to 133 percent. In 1990 after a new tax reform had been introduced that 

affected property owners, house prices began to fall. During that period households reduced 

their consuming in order to repay their mortgages. As an effect, many companies experienced 

declining profits, and banks faced large credit losses on company loans (Perbo, 1999; 

Jönsson, Nordberg & Wallin Fredholm, 2011).  

Today, discussions are held whether Sweden is facing yet another over-heated housing 

market. Davis, Fic and Karim (2011) argues that historical real estate related crises often are 

preceded by a long period of increasing house prices and household indebtedness. The 

Swedish National Housing Credit Guarantee Board argued in 2010 that Swedish property 

prices were around 20 percent over valued (SOU, 2013), and the International Monetary Fund 

(IMF) has reported that house prices in Sweden are between 10 and 22 percent higher than 

they should be relative to income growth (Lindahl, 2013). Also, Swedish people have today 

an indebtedness of 170 percent relative to their disposable yearly income. This is according to 

the Swedish Minister of Finance Anders Borg a critical issue (Petersen, 2013). The level of 

indebtedness is high, both in comparison to other countries, but also historically (SOU, 2013). 

According to an analysis made by the Swedish Government, it is the young people that have 

the largest indebtedness. In Stockholm young households have indebtedness relative to yearly 

income that amounts to 600 percent (Svenska Bankföreningen, 2013). Furthermore, Figure 

1.1 below shows that the ten percent of people in Sweden with the lowest income have the 

highest debt to disposable income ratio, which might be a worrying fact (SOU, 2013).  
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Figure 1.1: Debt to disposable income ratio for Swedish households 

The figure shows that the decile of the population with lowest income (decile 1) has the highest debt to disposable 

income. Source: SOU, 2013 

The possibility of a Swedish housing bubble has been highlighted by one of the winners of 

the Economics Noble Prize, Robert Shiller. He has stated that Swedish house prices are too 

high, and especially in the capital Stockholm. He argues that sooner or later there must be 

reforms enabling cuts in prices. Or, if nothing is done, he believes that people will look for 

alternative housing options, perhaps outside of the city, and then prices in the city will start to 

decline anyway (Norén, 2013). However, there are also many people arguing that the Swedish 

real estate market not is facing any bubble. One of them is Lars EO Svensson who is a 

professor in economics and former Vice Governor of the Riksbank. He argues that there is not 

a Swedish house bubble and that the Swedish real estate market is stable (Åkesson, 2013).  

Instead, many people believe that there are other more relevant problems to deal with in the 

Swedish economy such as stagnation in housing construction (Dagens Nyheter, 2014). 

Nevertheless, the widely debated concern about an overheated housing market have initiated 

many discussions among politicians, the Swedish Financial Regulatory (Finansinspektionen) 

and the Riksbank, regarding potential actions in order to deal with the potentially overheated 

housing market. If the overall household indebtedness would increase above 180 percent, the 

Governor of the Swedish Riksbank Stefan Ingves, have expressed that he will pursue so-

called debt dominance policy, where the economic politics of the Riksbank exclusively 

focuses on the household debt issues (Lucas & Schück, 2014). Some discussed actions are to 

introduce mortgage ceilings, amortization requirements or capital requirements for the banks. 

However, one of Sweden’s largest banks, SEB, has estimated that the additional burden a 

Swedish household would face if the proposed amortization requirements would take place 

would be an additional yearly payment burden of up to SEK 40 000 for a regular family 
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(Almgren, 2013). This is argued to place households at risk since thus increased monthly 

payment burden may be too high for low-income households, which might be forced to sell 

their houses. A large amount of forced house sales or a large amount of households that 

suddenly can not afford to buy houses anymore, could set off a house price decline, and 

thereby the proposed actions may have an opposite effect and cause a real estate crisis instead 

of avoid one (Flodén, 2013).  

Additionally, Shiller (2009) emphasizes the severity of lacking real estate risk management 

and mortgage risk management. He argues that the subprime crisis in the U.S. experienced in 

2007 showed that these risks have been mismanaged. He argues that a solution to the problem 

would be to introduce financial products enabling all market players to trade real estate risk, 

such as futures on house price indices or other real estate derivatives. Accordingly, Fabozzi, 

Shiller and Tunaro (2010) highlight the limited possibility for investors to invest in the real 

estate market without investing in physical properties and that a derivative market should 

exist. In line with this, Valueguard together with KTH Royal Institute of Technology in 

Stockholm have developed a series of house price indices covering Sweden and the Swedish 

main regions. The aim with the indices is to facilitate the development of new financial 

products, such as property derivatives and house equity insurances (Valueguard, 2014a). 

Another way of handling real estate risk is proposed by Syz, Vanini and Salvi (2006), who 

have developed a new financial innovation called an index-linked mortgage. In their 

mortgage, the mortgage rate or the nominal loan value is linked to a Swiss house price index. 

The objective is to improve the borrower’s overall portfolio risk, to ensure liquidity and to 

insure the borrower against house price drops. Also, Valueguard has proposed a new possible 

structure of an index-linked mortgage with the aim to ease the risk burden for borrowers and 

to provide new investment alternatives for investors. In their proposed structure, investors 

who are willing to bet on the housing market place money into a fund that follows the 

performance of a house price index. The money in the fund is used to finance index-linked 

mortgages where the size of the nominal loan value depends on the performance of the index 

(Valueguard, 2014b).  

 PROBLEM DISCUSSION 1.2

If the existing concerns of a housing bubble in Sweden would become reality and house 

prices would fall significantly, house owners may default on their mortgages when their loan 

to value ratio (LTV) increases. The LTV ratio is defined as loan value divided by the current 

value of the property. House owners with a high initial LTV will experience difficulties to 
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cover the depreciated value of the house, and may face personal bankruptcy if they are forced 

to sell their house or apartment. Even households who will not default may reduce their 

consumption because of uncertain future economic environment, which will affect the 

performance of companies to the degree where the companies may default on their loans to 

banks as seen in the Swedish crisis during the 1990s. If amortization requirements are 

introduced families may have difficulties to handle the payment burden in harsh economic 

times and may be forced to sell the house or may default on their payments. In fact, many 

young mortgage holders in Sweden tend to borrow to the maximum loan to value ratio of 85 

percent (Hellekant, 2014). When borrowers default on their mortgages the issuing bank will 

have to confiscate the collaterals, which might become worth less than the outstanding loans. 

This will force banks to devaluate their risk absorbing capital, giving them less buffer capital. 

Due to inter-bank risk, this might have severe consequences on the Swedish economy, which 

is evidenced by earlier experiences of liquidity hoarding such as in the financial crises in 

2008 (Heider, Hoerova & Holthausen, 2009).  

Furthermore, property owners are typically exposed to the risk of house price fluctuations and 

the mortgage payments are today not linked to this risk. Instead their payments are linked to 

the interest rate market. Additionally, the house owner’s portfolio consists of a lumpy 

distribution between house equity and other investments, which results in a sub-optimal 

diversification of risk by the limitations to unload the house equity risk (Englund, Hwang & 

Quigley, 2002).  

Lastly, for investors seeking to invest in the housing market, there are few ways of investing 

in real estate without holding the physical asset, which requires a large amount of invested 

money.  

Apart from those already discussed, there are several other scientific papers in the field of real 

estate products and on alternative ways of insuring drops in house prices. Case, Shiller and 

Weiss (1993) show that index-based futures and options have potential for hedging mortgage 

default risk in the U.S. One difficulty in designing these hedges however, is as mentioned, the 

liquidity of the instruments. Although there are existing markets, for example in the U.K. and 

the U.S., they are comparably small in trading size compared to other markets (Fabozzi et al., 

2010). Englund et al. (2002) demonstrate that people with lumpy house price exposures such 

as house equity owners would benefit from reducing this exposure in their overall investment 

portfolio. Miles and Pillonca (2008) discuss future potential mortgage structures in a world of 

increasing house prices, with the objective to hedge the borrower from house price drops. 
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Ebrahim, Shackelton and Wojakowski (2011) show by using a Brownian motion model on 

house prices that an innovative structure of mortgages, so-called Participating Mortgages 

(PM), can enhance financial intermediation efficiency and resiliency of a financial system by 

facilitating better risk sharing in mortgages and also benefit the borrowers. 

 PURPOSE  1.3

The aim of this study is to examine how such an index-linked mortgage connected to a fund 

could be structured, and how the structure will affect the bank, the borrower and the investor. 

The study intends to analyze and quantify the feasibility in terms of profitability and risk in 

terms of the borrower’s LTV ratio. The index-linked mortgage structure will be compared to 

a conventional mortgage in order to assess the benefits for the involved market players. It is 

assumed that all conditions for the existence of an index-linked mortgage financed by a fund 

are in place. Thereafter, a study will be carried out to determine under what scenarios it is 

preferable for a household to enter an index-linked mortgage as well as when it will be 

profitable for the bank as fund manager and the investor as capital raiser.  

The questions to be answered in this study are: 

1) How can the discussed index-linked structure be optimized from the borrower’s 

perspective? 

2) When and how could an index-linked mortgage connected to a fund with capital 

raised by investors benefit the bank, the borrower and the investor?  

3) How does this mortgage structure affect the borrower’s loan to value ratio 

compared to a conventional mortgage and how will this affect the bank’s risk 

exposure? 

The approach for answering the research questions will be of quantitative nature and are 

further discussed in the methodology section of the report. 

  DELIMITATION 1.4

The study will only focus on a partial solution to the problem discussion above by analyzing 

the potential of an index-linked mortgage connected to a fund. The study will not address the 

possibilities of other financial products that can hedge real estate risk or that can serve as 

investment opportunities for investors wanting to invest in real estate. Furthermore, the study 
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will not focus on barriers for the development of a real estate derivative market and the 

market for housing indices. Rather, it is believed that the most relevant problem that needs to 

be addressed is the lack of highlighted potential products that could be of interest for several 

market players – both those on the long and short side of trade. It is assumed that the 

conditions for which a market for the index-linked mortgage could evolve are in place. The 

data used in the study will be price data of Stockholm apartments and no analysis of other 

regions in Sweden or other types of housing will be conducted. This choice is made since 

Stockholm is central in the discussions of indebtedness and a possible housing bubble and 

because the moving frequency tends to be larger for apartments (Valueguard, 2014b).  

 CONTRIBUTION 1.5

The results from this study will be valuable for financial intermediaries issuing mortgages and 

other mortgage issuing institutes. The results will help mortgage issuing institutes to better 

understand how an index-linked mortgage structure could work out for different apartment 

price scenarios, especially with respect to profitability and risk taking for the stakeholders 

involved. The academic contribution will be to add to financial innovation and in particular, 

the study will show how an alternative mortgage structure can affect profitability, credit risk, 

interest rate risk and house equity risk comparing to a conventional mortgage, for the 

borrower, the bank and the fund.  

There is currently no proposes of solutions to the problems stated in 1.2. In particular, there is 

no research on the opportunities for index-linked mortgages in Sweden, which could 

potentially be used to ease the worries of the households’ fragile situation if house prices 

drops and which could server as a hedge against such drops. With the earlier discussed 

structure of an index-linked mortgage suggested by Valueguard, investors who believe in 

continued growth on the real estate market could easily access such exposure by investing in 

the fund. Thereby, the fund could provide an opportunity for investors to get real estate 

exposure but without investing in a physical property and without having to invest that large 

amount of money. Additionally, there is no research today on the possibility of having 

another party than the bank taking the other side of the trade. In contrast to Syz et al. (2006) 

and Miles and Pillonca (2008) who introduce index-linked mortgages and Participating 

Mortgages (PM) where the bank takes on the house price risk or share it with the mortgage 

holder, this thesis will study the potential of having a third party taking on the house price 

risk.  
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 DISPOSITION 1.6

The disposition of the paper is structured as follows; Firstly, there is a chapter with a 

literature review, in which relevant studies and findings for this study are presented. The 

literature section covers research on hedging property risk and financial innovation. Secondly, 

there is a chapter called “Institutional setting” in which the Swedish real estate market is 

discussed as well as Swedish mortgages. Also, a case study on a U.K. mortgage fund is 

presented, which has a similar structure to that structure studied in this thesis. The case study 

of the mortgage fund will serve as a benchmark for the index-linked structure in this study as 

well as it provides an understanding of how such a structure could work in practice.   Thirdly, 

there will be a methodology section describing the quantitative approach used in this study 

and the methods and data used to answer the research questions. Fourthly, the results will be 

presented followed by an analysis of the findings. Finally, a chapter with the study’s 

conclusions is provided along with suggestions of future research.  
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2 LITERATURE REVIEW 

This section is intended to demonstrate the theories and earlier findings that constitute the 

basis of this study. It will include sections explaining the existing findings in hedging of real 

estate risk and the development of real estate products and real estate insurances. The 

sections will shortly explain recent developments of such markets across the world. 

Furthermore, there will be a section discussing alternative mortgage structures that aims to 

improve the risk profile of the borrower as well as a discussion of mortgage risk. Thereafter, 

relevant literature on financial innovation will be presented and the chapter ends with a 

discussion of gaps in existing literature. 

 HEDGING PROPERTY RISK 2.1

Household owners today, are greatly exposed to house price fluctuations and have few 

possibilities to reduce this risk. Glaeser and Quigley (2009) argue that all kinds of economic 

risks should be able to be hedged. They debate that poor risk management, especially risk 

management of house equity and mortgages, was one of the reasons to the severe crash in the 

financial crisis starting in 2007. Today there is not a liquid property derivative market such as 

there is a liquid equity derivative market, and many argue that the absent of such market is 

questionable. In U.S. for example, the value of real estate owned by households is roughly 

$20 trillion dollars, a size comparable with the stock market. In fact, the stock market 

provides many different kinds of derivatives, enabling investors to speculate or hedge 

themselves against drops in the equity market. Today people are not only able to hedge 

themselves in the stock market, but also in the bond market and commodities market. 

Although the property derivative market is illiquid and the size is small, it exists in some 

countries, such as in U.K and U.S. There have been several attempts to develop new types of 

financial products for homeowners (Syz et al. 2006; Englund et al., 2002). These products 

often have a real estate index as underlying; hence the following section will introduce some 

basic concepts of such indices before a deeper discussion on different real estate products are 

held. 

2.1.1 HOUSING INDICES 

Roughly speaking, the existing real estate indices could be divided into two types depending 

on their constructing method: appraisal-based indices are based on the valuation of properties, 

and transactional-based indices, are purely based on transaction prices of property asset sale 

transactions. Transactional-based indices are completely objective since they directly reflect 
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actual movements in prices within the asset market and are commonly used for residential 

properties and appear when more data property transactions are available (Geltner, 2011). A 

transactional-based index presents many difficulties because of the heterogenic characteristics 

of the real estate market; infrequent trading of unique assets, typically between one single 

buyer side and one single seller side (Fisher, Gatzlaff, Geltner & Haurin, 2003). Many have 

attempted to further develop methods to reduce such problems with the objective to develop 

indices that are more suitable for the development of financial products on the real estate 

market. For this, transactional-based indices are preferred. However, no matter what method 

is used, statisticians describe a number of problems that affects the constant quality of the 

property price index. Firstly, when studying properties over time the quality of the property is 

most likely to have changed, usually because of major repairs, remodelling or additions to the 

property. Secondly, the turnover of property is generally low and has a low frequency of re-

sales. Thirdly, statisticians often lack sufficient data, especially data on the characteristics of 

the properties (Eurostat, 2011). Both appraisal-based and transactional-based methods try to 

reduce some of these problems with the objective to construct an index which is constant 

representable as an indication of house price movements over certain periods of time. Still, 

Eng Ong and Hwa Ng (2009) claim that for any index method to be useful in the market it 

must reach a certain standard by meeting some specific criteria’s:  1) it must first pass the 

strict inspection of experts and academia, 2) the index needs to be well understood and 

accepted by the various players in the market, 3) it must be published in a timely fashion 

without biases, and also 4) the producer of the index must be a trustworthy player. 

A Swedish index provider, whose index is believed to meet the above criteria and thereby 

produces an index that appropriate for the further development of financial real estate 

products, is Valueguard. Valueguard has developed a range of indices covering the 

development of house and apartment prices in Sweden and the Swedish main regions. One of 

the most known one is called Nasdaq OMX Valueguard-KTH Housing Index (HOX). This 

index has been developed through a partnership between Valueguard and The Royal Institute 

of Technology (KTH) with the objective to provide a consistent and reliable benchmark for 

the owner occupied property market and to reflect the price development of a typical single-

family house and/or apartments in a particular geographical area. Because of the limited 

property sales transactions in Sweden, a transactional-based hedonic price method has been 

used to calculate the HOX index, where the interpretation of regression coefficients estimates 

the price of individual attributes of properties. The index was published on Nasdaq OMX in 

2009, but so far no financial products have been constructed on it. The index is updated on a 
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monthly basis. The quality of the index is ensured through the supervision of an Index Quality 

Forum, which is represented by Royal Institute of Technology, Nasdaq OMX, Valueguard, 

Mäklarstatistik AB and leading industrial companies. The Index Quality Forums also 

supervise and ensure that the process minimize the manipulation of data and policies for 

insider trading will be established before any potential trades will be done on the index. The 

index collects data from real estate agents transactions and includes only transactions from 

flats and single-family houses. It excludes sales transactions from vacation houses, co-ops and 

multi-family rental dwellings (Valueguard, 2013).  

 

Figure 2.1: HOX Flats Stockholm Index between 2005-2014 

The graph shows the historical development of HOX Flats Stockholm Index, which tracks apartment prices in the 

city of Stockholm. The index is created by Valueguard together with KTH Royal Institute of Technology. The index 

has experienced steady appreciation since its start but with a drop in 2008-2009.  

Source: NasdaqOMX, 2014  

 

In Figure 2.1 above, one of Valueguards indices, the HOX Flats Stockholm Index, is 

presented. The figure shows the index development from 2005, when the first index value 

was published, until 2014. The HOX Flats Stockholm Index tracks apartment price 

development in the city of Stockholm. From 2005 the index has appreciated by 108.4 percent 

and during the five past years (2009-2014) it has appreciated by 52.0 percent, which is an 

annual increase of 8.7 percent (OMX Nasdaq, 2014). 

2.1.2 REAL ESTATE PRODUCTS AND REAL ESTATE INSURANCES 

Case et al. (1993) campaigned in 1990 to launch a futures market for single-family homes 

with hope that a real estate derivative market would develop. They cooperated with the 

Chicago Board of Trade, which in 1993 conducted a telephone survey to examine the interest 

amongst potential traders for a property derivative market. The results of the survey showed 
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that traders were in general willing to sell real estate futures, but not willing to buy them. So, 

there seemed to be an interest from people holding real estate willing to hedge themselves 

against drops in prices, but there were fewer willing to take long positions and add the 

derivative in their investment portfolio.  

Still, in 1991, the London Futures and Options Exchange did indeed launch single-family 

homes and commercial real estate indices for which residential futures and commercial 

property futures were based on. However, a serious trading scandal took place when it was 

discovered that traders had manipulated the trading volumes of the future contracts, which 

resulted in a shutdown of the developed market. Still, in the late 1990s, housing prices 

boomed, and the interest for real estate derivatives reappeared to some extent (Glaeser & 

Quigley, 2009). However, the U.K. index named Halifax House Price Index, which has 

provided monthly house price data for the whole U.K. since 1983 is today used as underlying 

for Castle Trust’s investment products and loans. Castle Trust is a U.K. firm that offers 

investment products to help fund mortgage products, which allow borrowers to give up a bit 

of the future increase in their property’s value. The products of Castle Trust will be described 

in more detail later in this chapter in a case study. 

During the 1990s, a city called Syracuse in the state of New York had severe problems with 

its economy. Hence, a home equity insurance project was initiated in 2002 with the objective 

to encourage families to buy homes even if the economy was bad. By then, there had already 

been similar projects in various cities in the U.S., but one major difference between the 

Syracuse project and the other projects was that the home equity insurances in the former 

projects had house selling restrictions. The Syracuse insurances were based on the 

performance of an index instead of single house prices, and thereby no selling restrictions 

were needed. In the Syracuse case, real estate prices was heavily declining, and in contrast to 

other markets, declining real estate prices do not lead to greater demand, rather the 

contrariwise. The result of the Syracuse project was a shift in the development in real estate 

prices, which after the project was launched experienced a slow increase, triggering investors 

in the real estate market to gain confidence in its future growth (Glaeser & Quigley, 2009). 

In 2001-2002, several spread betting markets for single-family houses were established, but 

had to shut down in 2004 because of too small trading volumes. After that, there have been 

numerous attempts to launch hedging products within real estate, yet with no success. In 2006 

the Chicago Mercantile Exchange, together with a firm called MacroMarkets LLC, developed 

a futures and options markets on the home price indices initiated by Robert J. Shiller and Karl 
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Case, which is now referred to as Standard and Poor’s Case-Shiller Home Price Indices. 

These indices are divided by county, zip code and price tier and because of them; futures 

contracts were created and launched for ten U.S. cities. The volumes for which these futures 

contracts were traded peaked during 2007, and thereafter the market slowed down. After 

2007, new contracts with longer maturities, of one up to five years, were established, which 

gave expectation of better value for the investors (Shiller, 2009).  

Eng Ong and Hwa Ng (2009) have examined the possibilities and challenges for the 

development of a real estate derivatives market in Singapore. Their findings were that real 

estate turnover in Singapore is rather slow, and that academia is way further ahead than the 

industry regarding real estate indices and real estate products. They argue that the first step 

for initiating a liquid market for real estate derivatives, would be to develop a sufficiently 

good method for constructing a real estate price index in Singapore, and that the development 

of an actual derivatives market is way in the future. Similarly, Syz (2008) debates that what 

are crucial in order for a property derivative market to become liquid are that the property 

indices on which the derivatives are based on must be transparent, reliable and constructed in 

a appropriate way, reflecting the movements in house prices for a specific area. 

2.1.3 ALTERNATIVE MORTGAGE STRUCTURES 

Real estate derivatives and house equity insurances are two ways of hedging real estate. 

Further highlighted discussions are the potential of structuring mortgages with the same 

objective. Miles and Pillonca (2008) discuss future potential structures for mortgages in a 

world of increasing house prices, with the objective to hedge the borrower from house price 

drops. The first alternative that they discuss is to extend the period over which the loan is 

being repaid. The second is to allow interest-paying only mortgages, which is a special case 

of the first alternative where the loan period is extended to infinity. The last alternative 

proposed is a shared appreciation mortgage (SAM), which links an element of the mortgage 

payments to increase or decrease according to house price movements. This structure 

however, have not ideally dealt with house-price risk sharing, since the contracts do not 

reflected true risk sharing due to lack of correlation between price falls and the reduction of 

the amount of equity owned by borrowers. A primary factor when trying to hedge an asset is 

the degree of correlation between the derivative instrument and the asset that is intended to be 

hedged (Fabozzi et al, 2010). Miles and Pillonca (2008) also suggest a modified shared 

appreciation mortgage, where some part of the loan will have a repayment value that is a 

proportion to the value of the house, which is represented by a house price index, and the 
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interest rate on that part will be a fixed low rate. In their study, they use simulation analysis to 

compare these index-linked mortgages to conventional mortgages and conclude that the great 

advantage of index-linked mortgages, is that they generate a much flatter and less variable 

pattern of all repayments and that the variability in repayment liability relative to income is 

less than half that with conventional mortgages. So, this type of risk-sharing mortgage has 

less risk and less current cost than a conventional mortgage. A reduced liability of payments 

in the beginning of a loan period is especially beneficial for first time buyers, particularly for 

those with low income. The price for reducing payment liabilities during house price falls is 

that the borrower has to give up some of the potential growth of the house value, since the 

risk is shared with the lender.  

Ebrahim et al (2011) show that so-called Participating Mortgages (PM) is attractive in 

environments where there is high prepayment risk and they argue that PMs facilitates better 

risk sharing and enhances efficiency and resiliency of a financial system. PMs are mortgages 

where the lender gets a proportion of the payoff that the borrower receives from the 

investment, either continuously or in the repayment stage. The borrower thereby has to give 

up some of the upside potential of the investment in order to receive lower mortgage rate 

from the lender, or by being able to have higher loan to value ratio. PM has been a means of 

merging diverging interests between lenders and borrowers. Though, the main area of PM 

issuance has been in construction investments. Ebrahim and Hussain (2009) study through a 

general equilibrium framework the issue of how the scope of financing available to investors 

(under different stages of financial system development) affects their decision to invest in 

properties. They show that the availability of Participating Mortgages (PM) is welfare 

improving for a developed financial system.  

 

Other structures of index-linked mortgages have been discussed in a study by Syz et al. 

(2006), where they present two different types of index-linked mortgages, one where the 

nominal value of the mortgage is linked to a house price index and one where only the 

interest payment is linked to the index. If the index faces a house price drop the holder of 

such a mortgage pays lower interest or the nominal loan value is reduced by the same amount 

at which the index dropped at maturity. The volatility of the house equity is therefore reduced 

and so the house price risk exposure, furthermore reducing the credit exposure for the issuing 

bank. Englund et al. (2002) mean that people renting their properties would benefit from 

getting exposed to house price development because of their exposure to renting risk. 

Expected variances in rents as well as expected rents affect the choice of buying a house and 
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therefore the house prices. High-expected rents drive up house prices, while low expected 

rents have a damping effect on house prices. Thereby, people who are renting should hedge 

their risk by getting exposed to house price development. Thereby, borrowers taking on 

index-linked mortgages could have at least one natural counterpart, holding the other end of 

the trade.  

 

The approach by Syz et al. (2006) differ from the one that was suggested by Case et al. 

(1993), in which they propose futures contracts to be linked to house price indices. Syz et al. 

(2006) argues that low-income households might find it difficult to enter into short positions 

of futures contracts, although they are the ones having the highest leverage and carries the 

lumpiest risk in household and would therefore benefit the most from hedging. Therefore, it 

seems reasonable that a hedging component should be included in the mortgage, reducing the 

expected loss as well as the credit spread of the borrower. The two different structures of 

index-linked mortgages they introduce are designed to assess liquidity problems. The first 

one, where the interest payment is connected to the index, the performance of the index is 

added to a base rate that has a predefined range, presenting a floor and a ceiling for the 

interest rate. Thus, the borrower pays less in interest payments when house prices falls and 

more when house prices rise, allowing the borrower to save money when prices fall and 

ensuring a cap of interest payments when prices rise ensures liquidity. The second structure 

introduced is where the nominal loan value is linked to the index, where the mortgage is 

linked to a put option, to ensure liquidity. The nominal value is reduced by the amount 

reduced on the index and the premium for the put option is added on the interest payments. 

The option operates as extra collateral in the mortgage loan and reduces the loss in the case of 

default. What is crucial for both structures is the index correlation with single house prices. In 

the study by Syz et al. (2006) index-linked mortgages are priced and compared to 

conventional mortgages in Switzerland. As they anticipated, the price of index-linked 

mortgages is more expensive than conventional mortgages, since they improve diversification 

and risk adjusted return of private investor’s portfolios as well as reduce the probability of 

default. In the study they also test for the correlation between a Swiss house price index and 

single house prices in Zurich by using repeat sales data. They find that correlation is higher 

the longer the time horizon, which supports the index suitability to represent single houses in 

mortgage loans, since mortgages tend to have long time horizons (Syz et al., 2006). 
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2.1.4 MORTAGE RISK 

When pricing mortgages, no matter its structure, it is necessary to understand the different 

risks associated with the mortgage. Two essential ones are the borrower default risk and the 

prepayment risk (Yongheng, Quigley & Van Order, 1999). A prepayment is the amount of 

principal repayment that is in excess of the regularly scheduled repayment due and can be for 

the entire amount of the remaining mortgage principal balance or for a part of the outstanding 

balance (Fabozzi et al, 2010).  Hakim and Haddad (1999) show that the possibility for a 

borrower to prepay the mortgage could be seen as a call option and the possibility for the 

borrower to sell back the property at the face value of the loan, is seen as a put option. If the 

market value of the house equals or exceeds par, a borrower can exercise the embedded call 

option and prepay the mortgage in order to refinance at a lower rate. Similarly, if the 

mortgage value exceeds the house value, the borrower can choose to exercise the put option. 

Generally, borrowers tend not to exercise the put option if they default on their monthly or 

quarterly mortgage payments, but instead take on a new loan against the accumulated equity 

given that the price of the property has increased since the purchase. However, when prices 

decline and the equity value of the borrower becomes negative, the borrower may want to use 

the option, meaning defaulting on the loan and minimising the loss by selling the property to 

the lender for the outstanding mortgage balance. In the study by Hakim and Haddad (1999), a 

sample of 9000 mortgages from Freddie Mac portfolio of conventional mortgages were used 

to analyse the factors of voluntary and involuntary mortgage defaults. By using a maximum 

likelihood failure time model, the authors concluded that the most risky type of mortgage is 

the small mortgage loan with high LTV ratio. 

Furthermore, Shiller and Case (1993) argue that the best single predictor of probability of 

default on a mortgage is the current LTV ratio for each household. Syz et al. (2006) argues 

that it is the changes in the income of the household that determines the probability of default. 

Qi and Yang (2009) state that a high LTV ratio exacerbates moral hazard and foreclosure due 

to lack of the investor’s own capital at risk. They mean that when LTV ratio on mortgages 

increases, the risk is transferred to lenders. They also highlight the risk of adverse selection 

due to difficulties in screening borrowers with potential high-income growth. 
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 FINANCIAL INNOVATION 2.2

Earlier cases of financial innovation have shared a common story. Before a new product are 

created, history shows that there has been a strong demand from investors for safe pattern of 

cash flows. Safe patterns of cash flows have been provided through traditional securities. 

However, investors have sought more specific patterns. As this brings a potential market for 

new products and profitable opportunities, banks have engineered these patterns through 

methods of diversification, tranching or insurance. The new-engineered products have been 

perceived to serve as substitutes to traditional ones, for example, products consisting pooling 

and tranching of mortgages have been perceived as a substitute for US government bonds. 

These so-called Mortgage Backed Securities (MBS) have been engineered to fulfill an AAA-

rating of rating agencies. The perception of these securities was that they were safe, since 

historically, mortgage default rate in US have been low. What came as a surprise for the 

investors of MBSs and especially holders of Collateral Debt Obligations (CDO) in 2007 was 

that house prices dropped so quickly, that the mortgage default rate increased heavily as well 

as the CDO price declined. The effect of the losses from the MBSs spread around the world 

and created an economic disaster (Gennaioli , Schleifer & Vishy, 2012).   

Gennaioli et al. (2012) present a standard model of financial innovation, in which 

intermediaries engineer securities with cash flows that investors seek. Though, they modify 

two common assumptions in financial innovation. Through financial equilibrium analysis 

they find that, as in the standard model developed by Alan and Gale (1994), there is room for 

financial innovation to offer investors cash flow streams that are not available from traditional 

securities in sufficient supply. Additionally, they show that unlikely risks are neglected and 

therefore the new structured securities are over-issued relative to rational expectations. 

Investors tend to bear the risk without knowing they do. The second conclusion is that the 

market for innovative securities is fragile. This is mainly due to the over-issuance of such 

securities and that the fact that there are not enough cash flows in the neglected states of the 

world to make promised payments in full. When investors realize that the new securities are 

false substitutes for the traditional ones, they fly to safety, dumping these securities on the 

market and buying the truly safe ones. The third finding is that in order to maintain financial 

equilibrium, banks buy back many of the new securities. Though, their aggregate wealth tend 

to be much smaller than the investors’, which leads to non-absorbance of the new securities 

and prices fall and the financial market is disrupted.  
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While Gannaioli et al (2012) assume that both investors and the issuing institutes of new 

financial products might neglect uncertain risks, Herrera and Schroth (2003) state that 

innovators of new financial products tend to keep some risk details of the new products to 

preserve information asymmetry in favor for their own profitability. In line with Herrerra and 

Schroth (2003), Henderson and Pearson (2011) show that issuing firms might cover some 

aspects of innovative securities or introduce complexity to the products to exploit uninformed 

investors. 

However, as mentioned earlier in chapter 2.1.3, there are also studies, which show that 

financial innovation can have positive effects on financial stability and risk-sharing. Ebrahim 

and Hussain (2009) state that financial innovations improve the efficiency of a financial 

system by reducing endogenous agency costs of debt. If one person or firm is debt financed, 

that person or firm has an incentive to transfer the downside risk of the person’s or firms 

project while keeping all upside potential to its own. The second type of agency problem 

associated with debt financing is referred to as the under-investment problem. Here property-

owners are motivated to reject positive NPV investment proposals if the wealth enhancement 

associated with the property accrues mostly to financiers. These problems can be eased with 

financial innovations such as secured debt, participating debt or convertible debt (Ebrahim 

and Hussain, 2009). Furthermore, Ebrahim and Hussain (2009) show that financial 

innovations in security design provide a fuller set of risk management tools, which help to 

reduce macroeconomic volatility and increase the resilience of the economy to shocks. They 

mean that the efficiency of the financial system is of interest to investors, financiers and 

policy makers and that economies recent years have trended towards capital market financing 

and non-bank financing without a clear consensus that such system are welfare improving. 
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 GAPS IN EXISTING LITERATURE 2.3

The existing literature provides knowledge on some innovative products and alternative 

mortgage structures, which have been of limited use in practice. There are some studies 

focusing on developing theoretical structures, however most of those structures implicate that 

banks have to share the risk with the borrower. There are few studies of financial structures 

where another party than the bank takes on the real estate risk. This study will cover this gap 

by testing a new potential mortgage structure to see how house equity risk can be managed 

and hedged as well as to test whether the bank and the third counterparty, the fund, can 

benefit from this risk-sharing. The research gap is more clearly described in Figure 2.2 below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2: Identified research gap 

The tree describes existing theory in financial innovation. What are yet to be studied are new index-linked 

mortgages where the bank transfers the real estate risk to a third party. 
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3 INSTITUTIONAL SETTING 

This chapter will introduce the reader to an in-depth background to the Swedish housing 

market and to Swedish mortgages. The section on the Swedish housing market will include 

subsections describing trends in the Swedish real estate market and general about the 

macroeconomic effects caused by increased household indebtedness. Also, there will be a 

discussion regarding the regulatory framework in Sweden. In the section about mortgage 

loans, the sources of costs of mortgage rates are discussed from a Swedish perspective. Also, 

the chapter includes a general discussion about the Swedish interest rate market. Finally, a 

case study of a mortgage fund will be presented that will be used as a benchmark for the 

financial structure studied in this thesis. 

 THE SWEDISH HOUSING MARKET 3.1

The Swedish Riksbank argues that real estate markets across the world are different and that 

earlier cases of housing bubbles and crises in other countries cannot be directly applied to 

Sweden. The Swedish market is special in the sense that it has a highly regulated market, it 

has a limited rental market and the credit market differs in many ways from other countries. 

For example, the property is seen as a collateral and people who take on a mortgage are 

always responsible for repaying the whole mortgage, as is not the case for many other 

markets where the owner of a house can leave the keys and walk away when the loan value 

exceeds that of the house and when they can not afford repaying the mortgage (Lundvik, 

2012).  

3.1.1 TRENDS IN THE SWEDISH REAL ESTATE MARKET 

In the end of 1980s, household saving in Sweden decreased and became negative as well as 

borrowing increased as a result of low and sometimes negative interest rates. The inflation 

helped ease the liability of the debt held by households. During the Swedish banking crisis in 

the 1990s the Swedish GDP shrank and unemployment increased, causing the inflation to 

decrease and the interest rate liability on the households holding mortgages increased. The 

house prices in Stockholm fell by 39 per cent between the years 1990-1995 and the 

households’ real net wealth decreased by approximately 20 percent (Ekonomifakta, 2014; 

Jönsson et al., 2011). The estimated credit loss for Stadshypotek AB was 0.25 percent, a 

rather low credit loss level considering the circumstances. However, construction companies 

and financial firms experienced large credit losses, which might have been a result of lower 

consumption by the households (Jönsson et al., 2011).  
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During the financial crisis in 2008 the Swedish housing market was not affected as much as 

other countries. Though, there had been a continuous increase in house prices and Swedish 

households had for a long time increased their indebtedness faster than the growth rate of 

their incomes, but the relatively strong economy as a whole left the housing market quite 

unaffected (Jönsson et al., 2011).  

During the past 15 years, the Swedish households’ indebtedness has almost doubled in 

relation to their income and is today around 170 percent of the disposable income. 

Approximately 80 percent of the households’ debt is on housing and the biggest investments 

in their portfolios tend to be a house or an apartment. The increasing indebtedness is believed 

to have developed as a consequence of historically low interest rates and generously accepted 

LTV ratios by lenders. Households are commonly known to have limited financial knowledge 

and to borrow too much by believing interest rates will always remain low and house prices 

will always increase. These kind of expectations are questioned whether they right now are 

building on a bubble (Finocchiaro, Nilsson, Nyberg & Soultaeneva 2011).  

3.1.2 HOUSEHOLD DEBT AND MACRO ECONOMIC EFFECTS  

Too large household debt can have significant macro economic effects. Too heavy 

indebtedness among households could lead to financial instability, as was seen during the 

subprime crisis in the U.S. Secondly, indebtedness also makes households more exposed to 

fluctuations in the economy. Households with large indebtedness are, to a larger extent than 

households with little debt, exposed to several economic risks, such as income risk, interest 

rate risk and house price risk.  The latter risk factor is what is emphasized in many 

discussions from financial institutes and politics today in Sweden. If house prices fall then the 

households’ asset side will shrink, and this risk is especially considerable for households 

intended to move in the near future. If house prices fall to the extent where the value of the 

loan exceeds the market value of the house and the owner wants or needs to sell it, the 

homeowner looses his or her own equity that was paid from his or her own pocket at the 

initial purchase. Even if evaluations have been made on the creditworthiness of Swedish 

households by looking at the ratio between debt and income, there is a necessity to also 

consider scenarios where the ratio between households debt and assets, like the LTV ratio. 

Swedish households have as mentioned earlier, a house or apartment as a large percentage of 

their assets. Therefore, if the asset side shrinks, this ratio will increase and as a measure of 

creditworthiness it will become worse (Finocchiaro et al. 2011). 
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What affects households’ consumption and loan taking is, for one, the real interest rate. When 

interest rates are considered low, households tend to borrow more because of cheap financing 

and save less because of little return on money put aside. However, with smaller savings there 

will be less consumption in the future. Therefore, households may want to save more so that 

they can consume in the future. Real rates therefore have a slightly ambiguous effect on 

consumption and loan taking. Another factor affecting loan taking is expected income in the 

future. If a person expects to earn enough money to repay a mortgage in the future, loan 

taking today might increase. A third factor is demographics, and then mainly from the aspect 

of age and current age diversification in the country. Finally, the risk aversion and the 

uncertainty of future income and interest rates may affect the choice of loan levels. As for the 

Swedish case; historically low real interest rates, changed tax rules and relatively low 

volatility in macro markets have increased Swedish people’s indebtedness. However, 

according to the Swedish Riksbank, Swedish people’s excessive debt cannot only be an affect 

of these fundamental macro economical elements. Instead, they mean that imperfect credit 

markets, irrational household behavior and increasing housing investment returns all have a 

part to play. An increasing amount of people are willing to take part of profitable real estate 

investments with continuously growing property prices. This drives property demand as well 

as prices upwards, and because of that, the indebtedness increases (Finocchiaro, 2011). 

Stress tests completed by the Swedish Riksbank showed that because of the Swedish main 

banks
1
 large exposure to households, an unlikely but possible stressed scenario could lead to 

large losses for the banks. Another risk that is considered is that if Swedish households are 

over leveraged and the economy take a downturn or the interest rates increases severely, they 

will consume much less in order to be able to repay the debt, affecting the profitability of 

companies and causing companies to possibly default on their loan repayments (Jönsson et 

al., 2011).  

Although we have seen bubbles bursting in different economies through history, housing 

bubbles are not possible according to the neoclassical theory of effective markets. Allen, 

Morris and Postlewaite (1993) develops a bubble model, which describe necessary conditions 

for a bubble to happen; each agent must have private information in the period and in the state 

at which the bubble occurs; each agent must be short sale constrained in some period in the 
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future with a possible probability; and agents’ trades are not common knowledge. A later 

study by Allen and Gale (2007) however, showed that if a bank or the banking sector changes 

its risk system, it could lead to bubbles, and this model is highly applicable on housing 

bubbles. The credit expansion is connected to this risk shifting in a couple of ways. The first 

is that if credit expansion is encouraged and that risk-taking is invigorated today, then asset 

prices will be affected. Then, the expected future credit expansion could as well drive up the 

prices. Asset prices are connected to credit volume and if the risk system shifts, then a crisis 

could occur because of the uncertainty in the assets real value and future return. The crisis is 

an effect of expected low returns on risky assets.  So, in the Swedish case, if sudden new 

mortgage regulations or risk systems takes place, a bubble may have higher probability to 

occur.  

3.1.3 REGULATORY FRAMEWORK 

In the last couple of years the requirements on banks liquidity reserves have been strongly 

criticized because they have not considered the risk and quality of their outstanding capital.  

This was especially noticed during the latest financial crisis and enabled EU:s Basel 

Committee on Banking Supervision (BCBS) to introduce proper regulations and supervision 

standards for banks worldwide. The BCBS has a mission to ensure global financial stability. 

Compared to non-financial corporations banks' balance sheets hold a relatively small 

percentage of equity, which makes them more vulnerable in times of distress since the 

purpose of equity is that it represents risk absorbing capital, which in the event of losses can 

be devaluated. The Basel accords are supposed to strengthen banks capital requirements by 

increasing banks liquidity and decreasing bank leverage. The latest addition to the Basel 

accords (Basel III) is a voluntary standard for regulators on capital adequacy, stress testing 

and market liquidity risk and was drawn up because Basel II was shown to identify banking 

risks insufficiently. Basel III requires banks to hold more capital of better quality and impose 

entirely new requirements regarding banks liquidity. The stricter capital requirement standard 

(compared to Basel II) states that banks need to hold at least 7 percent in Core Tier 1
2
 capital 

in relation to their risk weighted assets. If it falls below 7 percent the banks right to pay 

dividends becomes restricted  (Sveriges Riksbank, 2011). 

                                                      

2
 The banks core capital, which includes equity capital and disclosed reserves. 
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In November 2011 the Swedish Ministry of Finance and National Bank agreed to recommend 

that the four major Swedish banking groups would be subject to even higher capital 

requirements than the Basel III sets. Under the proposal, they would be required to hold core 

Tier 1 capital of at least 10 percent of risk-weighted assets in 2014 and 12 percent from 2015. 

There are several compelling reasons for imposing these higher demands on Swedish banks. 

The major Swedish banks finance themselves largely by borrowing on the international 

capital markets, making them vulnerable to disruptions in these markets. The banks are also 

very large in relation to the Swedish economy. If one or more major Swedish banks where in 

need to be saved, it would result in substantial costs to society and taxpayers. The market has 

learned from historical events and relies on the state to intervene in times of financial distress 

to save large banks. The perception that there is an implicit guarantee from the government 

allows large banks to fund themselves cheaper and take greater risks (Finansinspektionen, 

2013). Finansinspektionen also introduced a minimum requirement of risk-weights for 

mortgages at 15 percent but it was announced in mid- November 2013 that they intended to 

raise this minimum to 25 percent. Finansinspektionen chooses to raise capital requirements 

for mortgages instead of raising capital requirements for banks in general because the 

government wants to highlight the increases in mortgages lending. The issuing rate for 

corporate bonds have been stable and Finansinspektionen wants to prevent companies to 

receive higher interest rates. Raising the risk weight minimum on mortgage loans, from 15 to 

25 percent, is expected to increase the major Swedish banks equity with additional 32 billion, 

according to Finansinspektionen, and they expect that it will raise mortgage rates by at most 

0.2 percentage points (Olsson, 2013). The issuing of credits to households and companies 

could be affected when banks adapt to stricter regulations. Banks may restrict their lending in 

general, or reduce their lending to high-risk segments and increase lending to low-risk 

segments (Finansinspektionen, 2013). 
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 MORTGAGE LOANS  3.2

What distinguishes mortgages from other loans is that it is a secured loan where the asset 

bought for the borrowed money serves as a collateral. If failing to repay a mortgage, the 

lender could claim the secured collateral, which could be for example, a property or land. 

Mortgages can be issued with various maturities and the specifics of a mortgage differ from 

country to country. In Sweden, the mortgage holder is often able to choose a repayment 

schedule with a time horizon of 10-50 years. A mortgage consists of two parts, the nominal 

value and the interest, the nominal value is the outstanding capital that is borrowed and 

thereby owed to the lending institute and the interest is what the lender requires in addition 

for letting the person borrow money (Nordea, 2014).  

The institution that is lending money will ensure the creditworthiness of the lender and will 

also make an analysis of the expected value of the collateral to determine the initial capital of 

the mortgage. Often, when a person buys a house he or she needs to pay a deposit with his or 

her own equity and is thereafter able to cover the rest of the cost with capital from the 

mortgage. The mortgage ceiling in Sweden is currently 85 percent, meaning that a person 

who wants to borrow needs to put at least 15 percent of the house value from his or her own 

pocket, referred to as own equity. This percentage varies depending on the loan takers 

creditworthiness (Nordea, 2014). All mortgages are personal, meaning that the mortgage 

holder is the one that is responsible for repaying the whole mortgage. For conventional 

mortgages, capital repayment can be done in different ways; either the borrower pays, on in 

beforehand determined intervals, capital plus interest or the borrower pays only interest 

(Money Advice Service, 2013). In Sweden, conventional mortgages are repaid either by 

straight-line amortization or annuity. Straight-line amortization means that the borrower 

monthly or quarterly pays off the same amount of the loan and an additional interest payment 

(which will vary because the loan will shrink) and annuity means that the borrower quarterly 

pays the same total amount consisting of loan and interest payment (Nordea, 2014).  
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3.2.1 THE MORTGAGE RATE 

The interest on a mortgage can either be fixed or variable. Approximately two thirds of the 

mortgages issued in Sweden have a floating mortgage rate and, or a short-term fixed interest 

rate, which is a comparably very high percentage to other countries (Statens 

Bostadskreditsnämnd, 2012). The price of a conventional mortgage, i.e. the interest rate, 

depends on several components. The bank’s financing cost, the expected credit loss of issuing 

the mortgage, the cost for the bank of holding a liquidity reserve, potential administration 

cost, taxes and the net margin. The interest rate is the cost for the borrower, and it varies 

slightly between different banks depending on the components of which the interest rate is 

composed. Finansinspektionen has estimated an average of these costs for the four main 

commercial banks in Sweden for the second quarter in 2013, which are presented in Figure 

3.1 below. The interest rate used in the study by Finansinspektionen is the average interest 

rate of reported rates from actual mortgage holders (Finansinspektionen, 2013).   

Figure 3.1: The Swedish mortgage rate and its components 

The figure shows the different parts that constitute the average mortgage rate of the main commercial banks in 

Sweden Q2 2013. The mortgage rate consists of net margin, administration costs, taxes, cost of holding liquidity 

reserve, expected credit loss and financing cost. Source: Finansinspektionen, 2013 

 

The largest cost for banks when issuing a mortgage is, as seen in Figure 3.1, the cost of 

financing, which was estimated to 1,42 percent during Q2 2013 (Finansinspektionen, 2013). 

Calculating a banks cost of financing is complicated because a mortgage with three months 

interest rate period is not necessarily financed with a corresponding loan with the same 

duration. Banks usually finance their mortgages by issuing bonds with longer durations. The 
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Basel committee has however introduced a liquidity regulation with the Basel III accord, the 

Net Stable Funding Ratio (NSFR), which is intended to encourage banks to finance long-term 

assets with long-term debt so that they better match the durations of their funding, which 

provides a more stable banking system (Sveriges Riksbank, 2011).  

As mentioned, banks need to ensure that they can continuously fund their mortgage portfolio, 

even during periods of financial distress, and they are therefore required to hold a liquidity 

reserve. Holding a liquidity reserve is associated with some costs, as it needs to be financed 

by issuing certificates or bonds. The bank can then invest these cash resources and thereby 

gain an income. The revenue from these investments minus the cost of financing the buffer 

becomes the ultimate cost of maintaining a liquidity buffer. Finansinspektionen has calculated 

the cost for the Swedish banks to hold a liquidity reserve for their mortgage lending. Banks' 

liquidity reserves have historically been small until the new requirements were announced in 

2011 and the liquidity cost was assumed close to zero in the fourth quarter of 2010. 

Subsequently, banks have built up their liquidity buffers and the cost has increased. During 

the second quarter in 2013, the cost according to Finansinspektionen’s calculations was 0,08 

percentages. A simple summation of the cost of banks' increased capital levels and adaptation 

to liquidity requirements since 2010 provides an increment of between 13 and 18 basis points 

on the mortgage rate, given that mortgage holders will bear the full cost (Finansinspektionen, 

2013).  

Another part of the cost for a bank when issuing a mortgage is the cost associated with the 

risk of expected credit loss. This risk is composed by the borrowers ability to pay their 

amortizations and interest payments as well as the price development on the real estate market 

(Oweini & Ghadrdan, 2012). When estimating expected credit loss an evaluation is carried 

out, which relies on historical data for defaults and statistics on how much of the loan amount 

the bank is likely to recover in the event of default. In this way the bank calculates the 

average expected loss associated with mortgage lending, which may vary between consumers 

depending on their credit worthiness. The rate that customers actually pay for their mortgages 

often differ from the rate that banks presents on their website, called the drop rate. This means 

that banks on average provides a discount on the advertised rate. According to estimates by 

Finansinspektionen (2013) the cost of expected credit losses over time amounts to 0,05 

percentages for an average mortgage holder. 

Other costs for banks when issuing mortgages are administrative expenses and taxes. The 

administrative expenses include the costs of personnel, facilities and computer systems. These 
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costs are often distributed within the whole banking group and must therefore be allocated to 

the various business units. Since mortgages in 2012 accounted for a larger share of the total 

bank assets Finansinspektionen has estimated that the administrative costs of the mortgage-

lending unit must bear has increased slightly. According to Finansinspektionen’s estimate, the 

administrative costs of mortgages in 2013 to 0.35 percentages. The final cost banks face in 

their mortgage lending is taxes, which according to Finansinspektionen calculations 

amounted to 0.15 percentages in the third quarter of 2013. From January 1
st
 2013, the 

corporate tax rate was 22 percent, which means that it decreased from the previous level of 

26.3 percent. When all costs including tax are deducted from the mortgage rate a net margin 

remains. The net profit margin for newly issued mortgages was as Finansinspektionen 

estimated 0,55 percentages in the third quarter of 2013 (Finansinspektionen, 2013). The net 

margin is the lending banks profits from lending money to the borrower as well as 

shareholders expected dividends and required return (Oweini & Ghadrdan, 2012). 

 MORTGAGE FUNDS 3.3

Today there are few but some practical examples of structures in which mortgages are 

financed by a fund with capital raised by investors betting on a positive development of the 

national housing market. One of the most prominent examples is described below. 

3.3.1 THE CASE OF CASTLE TRUST U.K. 

Castle Trust in the U.K. is offering its products to help fund mortgage products, which allow 

borrowers to give up a bit of the future increase in their property’s value. The bonds that are 

issued by Castle Trust, the mortgage company, track the residential property index Halifax 

index. The fund provides its customers with three different options of investments and one of 

them offers 100 percent capital protection. The most recent bonds give the investors the 

inflation in index value if the index rises, or give the investors all their money back if it has 

decreased. The bonds were launched in October 2012 and the duration terms have been three, 

five or 10 years. In the U.K. the Halifax index rose 7.5 percent in 2013. These bonds offer the 

investors exposure to the housing market, but also capital protection. Before this opportunity 

came along, the only way of getting exposed was through spread bets, without protection 

from price drops (Financial Times, 2014).  

There are three different products that Castle Trust provides to its customers. These are 

Growth Housa, Income Housa and Protected Housa. If investing capital in Growth Housa for 

a five-year term, any five-year gain in the Halifax index will result in a five-year return for 
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the investors that is 1.5 times the index return.  If the index has fallen after a five-year period, 

the capital loss will be 0.5 times the fall in the index. If investing for a 10-year period, 

investors will be given 1.7 times a positive return and 0.3 times a negative return. The return 

is realized when the investment matures.  

The second product Income Housa, enables investors to receive a fixed income every three 

months. The income will depend on the investment size and the investment period length. If 

the index falls, the investor looses the same proportion of its capital, however, the amount of 

income is unaffected. The investor gets 100 percent of rise or fall in the index plus a quarterly 

fixed income. The investors can choose between three, five and 10 years investment period 

and get therefore different quarterly returns depending on time horizon. The third product has 

a fixed investment horizon of five years and the capital invested is always returned at 100 

percent at maturity. Capital protection is however only guaranteed if the investment is hold 

until maturity. If the index has risen after five years, 100 percent of its appreciation is given to 

the investors. Equally for all products, is that there are no fees or annual charges, though, 

people investing indirect through other platforms, such as through financial advisors, may be 

required to pay a fee depending on which platform they use. If by any event Castle Trust is 

unable to meet its obligations, Castle Trust’s investors are individually protected by Financial 

Services Compensation Scheme (FSCS) of up to GBP 50 000. The minimum investment for 

all Housa products is GBP 1000. The Growth Housa products, five-year and 10-year, have 

approximately generated an investor return of 16.8 percent and 19.0 percent from October 

2012 (products issued in October) up to March 2014. The Income Housa has generated 11.2 

percent since October 2012 to its investors. The Protected Housa does not have any historical 

performance data due to its launch in February 2014 (Castle Trust, 2014abc).  

Castle Trust offers two different mortgage products in the U.K, which are equity loans only 

available via authorized financial intermediaries. The first possibility for a borrower is a loan, 

which allows the borrower to retract equity from his or her home. The loan means that a 

person can borrow 20 percent of the property value to use for various kinds of needs. The 

borrowers do not have to pay interest or capital repayments, but instead have to give up as 

much as 40 percent of the house appreciation when they repay their loan at the end of the loan 

period.  At the end of the loan period, the borrowers may want to refinance or sell their 

property to back the loan (Financial Times, 2014). If the house has decreased in value by the 

end of the loan period, Castle Trust shares 20 percent of the loss with the borrower, so the 

borrower do not need to repay the full initial loan (Citywire, 2014). By having no monthly 
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payment helps low-income households to ease the payment burden. The same kind of loan is 

also offered to Buy-to-Let financed properties and enables landlord to finance an expansion 

of their portfolios (Castle Trust, 2014d). It is almost like a traditional building society, where 

the money raised from investors is used to fund loans, and the margin goes to Castle Trust.  

(Citywire Money, 2014).  The U.K. government’s Help-to-Buy scheme has the same idea of 

sharing profits and losses on properties. The program offers interest free loans for a term of 

five years for households buying a new-built home. However, Castle Trust offers loans on 

existing properties. The rational for taking a loan through Castle Trust is that the borrower is 

afraid that house prices will fall. Taking a loan means that when house prices falls, the loan 

value will be reduced. Through the investor’s perspective, the rational for placing money in 

the fund is for example if the investor seeks to save money for a property and is worried that 

house prices will rise (Citywire, 2014). 
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4 METHODOLOGY 

In this chapter, the methodology of the study is described. In particular, the approach used to 

answer the research questions is described, including a description of methods used and  a 

presentation of the sources of data. A discussion of the limitations of the chosen methods and 

data sources is held as well as a discussion of the rationale for the choices made. Finally 

there is a section discussing the validity and reliability of the study.   

 METHODS 4.1

The methods in this study are of quantitative nature since it is believed that the research 

questions need mathematical approaches in order to be answered. Quantitative data will be 

collected, and the main methods chosen are linear optimization and scenario analysis. The 

scenarios will be based on historical data on Stockholm apartment prices. The methods and 

the data collection will be described in more detail below as well as all assumptions made. 

The methods are chosen with aim to answering the research questions. To reprise, the 

research questions were stated in the introduction as: 

1) How can the discussed index-linked structure be optimized from a borrower’s 

perspective? 

2) When and how could an index-linked mortgage connected to a fund with capital 

raised by investors benefit the bank, the borrower and the investor?  

3) How does this mortgage structure affect the borrower’s loan to value ratio 

compared to a conventional mortgage and how will this affect the bank’s risk 

exposure? 

Linear optimization will be used to define the final structure of the index-linked mortgage that 

is developed in this study. The structure will thereafter be tested and compared to a 

conventional mortgage by doing a single point scenario analysis with scenarios based on 

historical apartment price data. A sensitivity analysis will then be carried out in order to see 

how different possibilities for future outcomes of the conventional mortgage rate affect the 

results. Descriptions of the methods are presented below as well as a discussion of the choice 

of methods and why other possible methods were neglected. 
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4.1.1  OPTIMIZATION ANALYSIS  

An optimization problem is in simple and mathematical form a case where a function will be 

maximized or minimized by systematically testing different input values within a given range. 

This process will find the “best available” values of the function within the, on pre-hand 

defined, constraints (Nocedal & Wright, 2006). Nocedal and Wright (2006) highlight the 

applicability of numerical optimization in economic problems. They for example, state that 

numerical optimization is appropriate when designing a portfolio of investments and 

maximizing expected return while maintaining an acceptable level of risk. Stanhouse, 

Schwarzkopf and Ingram (2011) use numerical optimization methods to obtain the values of 

the decision variables that maximize a bank’s inter-temporal expected profit. Also, in other 

areas of finance, optimization has shown to be applicable. Yu, Takahashi, Inoue and Wang 

(2009) present a new multi-period portfolio selection with maximum absolute deviation 

model by using numerical optimization, for which both linear optimization and non-linear 

optimization are applicable. They state that non-linear optimization problems often can be 

reduced to linear optimization problems and that linear optimization can be used as a strong 

tool to solve finance problems. A linear optimization problem consists of a target function, 

which is the function that should be optimized, and equality or inequality constraints.  

A traditional optimization program with inequality constraints looks like                      
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With     as target function,    is a vector of weights              
 and   is the vector of 

variables. The inequality constraints are   
      with        , and with   

 a vector of 

weights                 and    the bounded value that   
   can not exceed (Salvendi & 

Ravindran, 2007). The specific optimization problem that will be solved in this study will be 

specified later in this chapter.  
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First some other possible similar methods to numerical optimization that could potentially 

help answering the same research questions will be discussed. Other types of methods that 

could be used in this study are Genetic Algorithms (GA) or Evolutionary Algorithms (EA). 

GA works as a search method, which simulates the process of natural selection and can be 

used to solve optimization problems. Similarly, EA solution processes are inspired by 

biological reproduction. GA and EA are appropriate methods when the optimization problem 

is non-linear and has several optima (Babu & Angira, 2001). It will be described later in this 

chapter that the optimization problem that is of interest in this study will be of linear nature 

with one local optimum, and that is why simple linear optimization is chosen. This choice 

will be further discussed later in this chapter. 

4.1.2 SCENARIO ANALYSIS  

Scenario analysis is a common method among researchers. Choudry (2010) uses scenario 

analysis to assess implications for stakeholders involved in a Collateralized Debt Obligation 

(CDO). He assesses expected conditional losses for stakeholders in three different states of 

the economy, “downturn”, “stability” and “growth”. Creating scenarios by the use of 

historical data is the most intuitive method when conducting scenario analysis (Blaschke, 

Jones, Majnoni & Martinez Peria, 2001). Castrén, Fitzpatrick and Sydow (2006) highlight the 

importance of scenario analysis when estimating the possible effect of macroeconomic shocks 

on credit structures and loan portfolios. Miles and Pillonca (2008) carry out simulation 

analysis to compare index-linked mortgages with conventional mortgages. In this study, 

scenario analysis was chosen as method in order to evaluate how the index-linked mortgage 

structure will perform in different apartment price scenarios in the future.  

A similar method to scenario analysis is Monte Carlo simulation, which is especially suitable 

when there is uncertainty in the input data. In contrast to assigning single point scenarios, 

Monte Carlo simulation samples a probability distribution for each variable and calculates a 

large amount of possible outcomes. Monte Carlo simulation has been used in various 

contexts, for example do Broadie and Glasserman (1997) use Monte Carlo simulation to price 

American-style securities and Detemple et al. (2003) use a Monte Carlo method for deriving 

optimal portfolios. Due to the difficulty of assessing probability distribution to apartments 

prices, single point scenario analysis was chosen over Monte Carlo Analysis. This choice will 

be further discussed later in this chapter. 
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4.1.3 SENSITIVITY ANALYSIS 

Sensitivity analysis is a common method in different settings to assess the robustness of 

optimization results. Hahn and Kuhn (2012) developed a framework for value-based 

performance and risk optimization in supply chains and carry out a sensitivity analysis to test 

the results. Similarly, Boz and Mendoza (2014) study the interaction among financial 

innovation, financial learning and a Fisherian collateral constraint in a stochastic equilibrium 

model of household debt and land prices, and use sensitivity analysis to check the robustness 

of their optimization results. The chosen type of sensitivity analysis in this study is a 

deterministic sensitivity analysis. An alternative method would have been to do stochastic 

sensitivity analysis. The choice of doing a deterministic sensitivity analysis was mainly due to 

the difficulty of modelling the mortgage rate. The difficulty to model mortgage rates has been 

even more difficult du due the use of alternative funding sources among Swedish banks. After 

the financial crisis in 2007-2009, the repo rate that earlier was a good indicator of mortgage 

interest rates has become less indicative due to banks use of alternative funding sources 

(Swedish Competition Authority, 2013). The choice will be further described in the next 

section. 

4.1.4 CHOICE OF METHODS  

The optimization problem in this study is linear and the functions are rather simple, so simple 

numerical linear optimization is chosen over other more complex methods. Linear 

optimization holds simplicity and a straightforward interpretation, though common risks with 

numerical optimization is that the convergence criterion that is built into mathematical 

programming tools may allow the algorithm to provide a solution too soon when more precise 

solutions could be found.  This is because of the risk of choosing the wrong starting values on 

the parameters that are optimized, which may lead to wrong answers. It is however believed 

that for the scope of this study, where only two parameters are optimized, different starting 

values can be tested to reduce the risk of incorrect answers, and linear optimization is thereby 

believed to be a sufficiently good method.  

The choice of a scenario analysis is made in order to assess the future performance of an 

index-linked-mortgage structure connected to a fund. The rationale for this method is, that 

since no such products exists today, no historical data on its performance could be gathered 

and a scenario analysis is therefore an appropriate method. The scenarios will be selected 

with respect to historical cases in Sweden, which is believed to be a good way of finding 

scenarios, even by other researchers (Blaschke et al, 2001). However, with this method the 
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results may be hard to interpret since no indications on expected values exists without a 

probability distribution amongst different scenarios, as it would in a Monte Carlo simulation. 

However, assigning a probability distribution for house price development would be rather 

difficult. House prices in Sweden have for a long time experienced a steady increase and a 

couple of extreme drops. Since the scope of this study is to analyse how an index-linked 

mortgage will perform under extreme scenarios, the single point scenario analysis using 

historical house price levels as benchmark is considered to be a more appropriate method. 

The choice of using deterministic sensitivity analysis before stochastic sensitivity analysis in 

this study is done because stochastic sensitivity analysis is dependant on a probability 

distribution of the tested parameter. A probability distribution of the mortgage rate for 

conventional mortgages is as difficult to model as a probability distribution for house price 

development, and therefore a deterministic sensitivity analysis, where a couple predefined 

values are used, is a more appropriate method for this study. 

 METHODOLOGICAL APPROACH 4.2

Now when the methods chosen for this study have been presented, the approach for the 

execution of these methods will be described. First, the details and the assumptions of the 

index-linked mortgage structure will be presented together with all other assumptions made in 

the study. Thereafter the equations for calculating profitability and risk of the three 

stakeholders are defined. The section ends with the study’s approach for the linear 

optimization, the scenario analysis and the sensitivity analysis.  

4.2.1 STRUCTURING THE INDEX-LINKED MORTGAGE 

The structure of the index-linked mortgage connected to a fund that is tested in this study is 

developed together with Valueguard. The model includes three main stakeholders; a bank, a 

mortgage holder and a fund. The cash flows are going as follows; investors put money into a 

fund that follows the real estate market. In particular, the fund is exposed to apartments in the 

city of Stockholm through the HOX Flats Stockholm Index. The investors could potentially 

be both private and institutional investors. The bank manages the money and creates the fund. 

The bank uses the money in the fund to issue mortgages to households. The nominal size of 

the loans held by the households will also follow the HOX Flats Stockholm Index, and 

thereby the straight-line interest payments will shift every month in size. Further details on 

the mortgage structure and its cash flows will be described later in this section. 
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Similar structures already exist today but they are few. One well-known structure similar to 

this model is developed by a company called Castle Trust in the U.K., which is discussed in 

the chapter 3 of this report. Below, the model for this study will be described in more detail, 

as well as assumptions that are made and the terms that are set for the model. This model 

hereby referred as “the mortgage structure”, “the structure” or “the index-linked structure”, is 

a theoretical model that will be tested through optimization and scenario analysis, but is not 

an existing structure in practice today.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1: Index-linked mortgage cash flow structure 
The figure describes the cash flows of the index-linked mortgage connected to a fund. The investors raise capital 

to the fund that the bank creates. The money is used to issue mortgages to households. The nominal loan size of 

each mortgage moves with respect to the development of a house price index. The borrowers pay monthly interest 

payments to the bank, the bank takes a gross margin and pays the rest to the fund investors.  At maturity, the 

change from the initial nominal loan value goes to the fund. 

 

The schematic cash flow structure between the bank, mortgage holder and the investor, is 

presented in Figure 4.1 above. The bank creates a fund with no explicit fund fee, and 

investors believing in a positive price development of apartments in Stockholm can place 

capital in the fund. The invested money will be locked in for five years and will track the 

HOX Flats Stockholm Index by a factor  . The factor   will be decided in the optimization 

problem with a constraint that will implicate attractive features for the investors in order for 

them to allow their capital to be locked in in the fund for five years and to be used for 

financing mortgages. These features are similar to those of Castle Trust’s product named 

Growth Housa, which is described in section 3.3 in this report (Castle Trust, 2014). The bank 
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uses the capital in the fund to issue mortgages with 85 percent LTV ratio. Since the aim with 

index-linked mortgages is to improve the risk profile and liquidity of the borrowers (Syz et 

al., 2006), borrowers with a high LTV and with low monthly income will be considered in 

this study. The households borrow for a five-year term and pay a five-year fixed interest rate 

and must at maturity refinance or repay the mortgage. It is assumed that no amortization is 

done during the lifetime of the loan, and the apartment will be assumed to sell for market 

price if the mortgage holder decides to sell after five years. This feature is in line with the 

structure studied by Miles and Pillonca (2008). The mortgage holder pays a fixed interest rate 

  every month to the bank. As the index changes each month, the nominal value of the 

mortgage will change with a factor   times the index change. Therefore, the monthly interest 

payments that are based on the nominal loan value will change as well. The interest payment 

size will depend on the performance of the real estate market, and in particular, the 

performance of apartment prices in Stockholm. The bank receives the interest payments and 

takes a net margin. The remaining revenue from interest payments goes to the fund investors 

as financing costs for “lending” money to the bank and the rest is used to cover the bank’s 

other costs such as taxes, administration costs, costs for holding liquidity reserve and 

expected credit losses. At maturity, the mortgage holder repays the loan, which by then 

amounts to the initial loan value times the index change times the factor  . The fund 

investors will then receive the outstanding loan value, which constitutes the initial capital put 

in the fund plus the nominal value change that the loans has experienced during the five 

years. The fund investors will make a profit if the loan value has increased and a loss if the 

loan value has decreased from its initial amount. The fund return therefore depends on the 

outcome of the HOX Flats Stockholm Index.  

 

Some risk that the mortgage holder bears for owning an apartment is thereby transferred to 

the fund investors. In this study, the calculations for the index-linked mortgage and the 

conventional mortgage will not take into account any tax deductions. This simplification is 

believed to have negligible implications on the results since it is made on both mortgage 

structures and the aim of this study is to compare them two.  
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Below the cash flows in the model are summarized step by step together with all assumptions 

and terms made regarding the structure. 

 

1. The investors raise capital in the fund that is locked in for five years. The fund tracks 

HOX Flats Stockholm Index by factor   

 

2. The bank uses the capital to issue mortgages with 85 percent LTV ratio. The 

mortgages must be refinanced or paid back after five years. No amortization of the 

loan is done and the apartment is assumed to sell for market price after five years 

 

3. The nominal value of the mortgage will vary monthly with a factor   times the 

change in the HOX Flats Stockholm Index, resulting in variable monthly interest 

payments that are the nominal loan value times the fixed interest rate   

 

4. The bank charges a gross margin large enough to cover other costs such as taxes, 

administration cost, buffer capital cost and enough expected credit losses. Then it 

pays the fund a financing rate for locking in money in the fund. What is left from the 

interest payments is the bank’s net margin 

 

5. At maturity, investors receive the outstanding loan value from mortgage holders, 

making either a profit or loss. They also have received the accumulated financing 

payments from the bank. No tax deductions are taken into account  

 

If this structure is shown to be sufficiently profitable and to provide reasonable risk sharing, 

one possible implication of this model is that the borrowers’ LTV will not be as affected 

during the lifetime of the contract as a regular mortgage, since the size of the loan is 

depending on the performance of apartment prices. In a regular mortgage, if apartment prices 

fall, the LTV will increase and therefore the risk of default (Wong, Fung Fong & Sze, 2004). 

Another possible implication is that the interest payments will vary depending on the 

performance of the index.  If the index depreciates, the interest payments will decrease with a 

factor   times the index change. However, if the index increases in value, the nominal value 

of the mortgage will increase with the same factor and therefore the interest payments the 

borrower has to pay will increase. The loan may therefore be preferable if borrowers are risk-

averse and believe that house prices may fall. A third possible implication is that the five-year 

fixed interest rate will not directly depend on the interest rate market, which a regular five-
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year mortgage rate does. Instead, the interest rate in this structure is decided so that the fund 

gets a reasonable return and that the LTV ratio stays below a certain level in depreciation 

scenarios. In a conventional mortgage, if the financing cost of the bank increases, which is 

depending on the Riksbank’s current repo rate and the inter-bank lending rate, the bank’s 

mortgage rates will increase as well and the mortgage holders of conventional mortgages 

have to pay larger interest rate payments on their loans (Sveriges Riksbank, 2010).  A fourth 

possible implication with a functioning structure like this that investors are enabled to bet on 

HOX Flats Stockholm Index while getting a kind of monthly coupon for lending the money 

(the bank’s financing cost).  

 

The above possible implications may be solutions to the problems presented in section 1.2. 

4.2.2 CALCULATING PROFITABILITY AND RISK 

To quantify the implications for the different stakeholders, both profitability and risk (in 

terms of LTV) are calculated. The study intends to compare the index-linked mortgage with a 

conventional mortgage, hence profitability and risk will be calculated for both mortgage 

structures, assuming they have the same nominal loan value, initial LTV, and that the loan 

will be held for five years before the apartment is sold at market price. 
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Before the equations for the calculations are presented the symbols that will be used as 

abbreviations for parameters of the formulas are presented in Table 4.1 below.  

 

Table 4.1: Symbols describing the cash flows in the index-linked mortgage structure 

 

Symbol Mortgage holder 
    Total profit mortgage holder 

   Profit apartment investment  

     Monthly interest rate payment   

   Apartment value month   
   Nominal loan value month   
  Equity investment 

  Mortgage rate index-linked 

     LTV month i 

  

Symbol Bank 
    Total profit bank 

    Net margin bank 

   Financing cost bank 

     Revenue bank month   

   Expected credit loss bank 

  Cost of holding liquidity reserve bank 

  Taxes bank 

  Administration cost 

  

Symbol Fund 
   Return fund 

     Interest payments received by fund 

    Fund value month   
  

Symbol Index 

     Return HOX Flats Stockholm Index month   

   Change in index value 
 

Generally, parameters regarding the mortgage holder are symbolised with  , parameters 

regarding the bank are symbolised with  , and parameters for the fund are symbolised with  . 

Symbols denoted with   will vary for each month during the lifetime of the loan. Below the 

equations describing the cash flows in the model are presented in more detail in order to 

calculate profitability and LTV. The equations are separated into blocks for the different 

stakeholder’s perspectives and the last block represents equations for the conventional 

mortgage.  

The mortgage holder 

From the mortgage holder’s perspective the total profit after selling the apartment including 

interest rate payments and investment gain is of interest as well as the interest payment 
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burden and investment gain alone. The total five-year profit (60 months), without adding any 

time value increase of interest payments,    , is calculated  

       ∑    

  

   

                     (4.1) 

where    is the profit the borrower makes when selling the apartment and      is the monthly 

interest payments for holding the loan. Hence, the total profit is the profit (or loss) from 

selling the apartment less the accumulated monthly cost for holding the loan. 

The profit of the mortgage holder when selling the apartment at maturity,   , assuming the 

property can be sold for the market value, is defined by equation 

             (4.2) 

where     is the value of the apartment according to the index development after five years, 

    is the nominal loan value at the maturity of the contract, and   is the value of the 

borrower’s own equity that was paid when the apartment was purchased. 

The monthly interest rate expense for the mortgage holder,     , is calculated with equation 

                              (4.3) 

where    is the nominal loan value and   is the fixed monthly mortgage rate in the given 

index-linked structure. 

The nominal loan value in the index-linked mortgage will vary every month by a factor   

times the index change in the index-linked structure. The nominal loan value    is defined as 

      (        )                     (4.4) 

where      
     

  
 

  

  
 is the index development of the HOX Flats Stockholm Index from the 

beginning up to month  . The factor   is the weight that determines how much the nominal 

loan value will change in relation to the index development. This factor will be decided in the 

optimization analysis. 
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In the same way as the nominal loan value varies with the index development, the value 

change of the specific apartment that the mortgage holder owns is assumed to be same as the 

change   of the HOX Flats Stockholm Index. The value of the apartment,   , is defined as 

      (      )                    (4.5) 

Taking all above formulas into account the total profit at maturity after the apartment is sold 

and the mortgage is repaid is 

       (       )     (         )    ∑    (        )     

  

   

 (4.6) 

This term is to be maximized in the optimization analysis. 

The bank  

From the banks perspective the total profit at maturity is defined as 

    ∑      

  

   

 (4.7) 

where     is the banks net margin, for which financing cost and other costs have been 

reduced from the mortgage rate. 

The net margin,    , is defined as  

                  (4.8) 

where     is the yearly financing cost,    the bank’s expected credit loss,   the cost of the 

required liquidity reserve,   the tax rate, and   is the administration cost. 

The net margin,    , and other costs (            ) will be predefined based on historical 

data and the mortgage rate,  , will be defined in the optimization problem, leaving    to be 

defined by decided by the equation 
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                  (4.9) 

The current loan to value,     , is the ratio between the loan value and the actual value of the 

apartment, and is defined as 

     
  

  
 

   (        )

   (      )
                     (4.10) 

The fund investors  

The total fund value at maturity,     , for the investors is: 

     ∑    

  

   

     (4.11) 

where    is the part of the interest payments that the fund will receive,    is the money 

invested in the fund, and     is the outstanding loan value that the mortgage holder will pay 

at the maturity of the loan. 

The part of the monthly interest payments that the fund will receive,     , is defined as 

                               (4.12) 

The return    for the fund at maturity is  

   
    

   
   (4.13) 

where      is a function of the loan value at maturity    . The loan value at maturity can be 

expressed as 

       (         ) (4.14) 

where       is the index development at maturity. Also,    will be a function of      , and can 

be expressed as  
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           (4.15) 

where   is the factor by which the fund return changes with the index.  

In equation 4.13,      can be replaced with equation 4.11 and     with the expression in 

equation 4.14. This leads to another expression of   , namely 

   
∑     

  
       (         )

   
   (4.16) 

By setting equation 4.16 equal to 4.15,   can be expressed as 

  
∑     

  
   

         
   

∑        (        )            
   

         
   (4.17) 

The conventional mortgage 

For the conventional mortgage, the same equations that describe profitability and LTV ratio 

for the mortgage holder can be used, but with some modifications. Firstly, the nominal loan 

value will stay constant during the lifetime of the conventional mortgage and is thereby 

defined as 

                          (4.18) 

Hence, the nominal loan value for all months is set to the initial loan value. Secondly, the 

mortgage rate for the two mortgage structures will differ because that the five-year mortgage 

rate for the conventional loan is fixed. The mortgage interest rate for the conventional loan is 

instead denoted as  

     (4.19) 

The total profit is also replaced as 

        (4.20) 
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An important difference between the financing rate for the conventional mortgage and the one 

for the index-linked mortgage is that it could vary in the conventional mortgage structure due 

to changes in the interest rate market. For the index-linked mortgage the mortgage rate will 

always be the same, and thereby the financing rate will also stay constant. 

4.2.3 THE OPTIMIZATION PROBLEM 

The terms to be decided by optimization analysis are firstly the factor  , which decides how 

much the nominal value of the mortgage will change with respect to changes in the index. 

This factor has two different values    and   ; one for positive scenarios (when apartment 

prices increases in relation to the initial index value at the beginning of the contract) and one 

for negative scenarios (when apartment prices decrease in relation to the initial index value at 

the beginning of the contract). Additionally, the fixed mortgage rate for the index-linked 

mortgage,  , will be decided. To achieve an appropriate value of the rate for the index-linked 

mortgage the linear optimization problem will be solved with different values on the 

mortgage rate and the lowest value for which feasible solutions exist will be chosen. 

The factors    and    will be decided through linear optimization for two different reference 

scenarios, which are 50 percent appreciation and 40 percent depreciation of the index. These 

reference scenarios are based on the recent five-year development of the index, which has 

appreciated by approximately 50 percent, and the house price drop during the crisis in 1990s, 

which was a decline by 39 percent (Valueguard, 2014a; Ekonomifakta, 2014). The index-

linked mortgage will be optimized for the mortgage holder, hence equation 4.6, calculating 

the mortgage holders total profit,    , will be set as the target function that will be 

maximized. The constraints in the optimization problem are set on the LTV-ratio and the five-

year fund return. The LTV ratio will never exceed 100 percent for index declines up to 40 

percent, which is a feature that is valuable for both mortgage holders and the bank from a risk 

perspective. The constraint on the five-year fund return,   , is decided by observing the 

return of other investment products such as Castle Trust Growth Housa. The factor  , which 

decides the fund return in relation to the index development, is decided to be 0.9 in the 

scenario when the index appreciates by 50 percent and 0.6 in the scenario when the index 

depreciates by 40 percent. This means that the fund return will be higher at positive index 

developments when the fund investor experiences a profit, than the loss he or she experiences 

at negative index developments. These levels are chosen to attract investors to the fund and 

compensate for the fact that their capital will be locked in for five years.  
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The optimization problem is in more detail described below. The first optimization problem is 

solved for an index appreciation of 50 percent. 

   
 

               

 

                                                 

                                             

                                 
 

                             

                                     

The optimization problem for the negative scenario of -40 percent is 

 

   
 

               

 

                                                 

                                                    

                                  
 

                              

                              

 

4.2.4 THE SCENARIO ANALYSIS 

The resulting optimized index-linked structure will then be tested in a scenario analysis. The 

different scenarios will be different outcomes of apartment price developments will be 

represented by the HOX Flats Stockholm Index. The scenarios for which the mortgage 

structure is tested for will be 10, 20, 30, 40 and 50 percent five-year apartment price 

depreciation, as well as 10, 20, 30, 40, 50 and 60 percent five-year appreciation. That is, one 

extra scenario at both ends more extreme than the 50 percent appreciation and 40 percent 

depreciation scenarios used as reference scenarios in the optimization problem. As earlier 

mentioned, these reference scenarios were chosen by considering historical house price 
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developments, like in the study by Blaschke et al. (2001). The value change in the index is 

assumed to be linear over the five-year term. The profitability for all stakeholders and the 

LTV will be calculated for all scenarios and for both the index-linked mortgage and the 

conventional mortgage in order to understand when an index-linked mortgage is preferred.  

4.2.5 THE SENSITIVITY ANALYSIS  

In the sensitivity analysis the impact on the results from changes to the conventional 

mortgage rate,   , will be tested. Changes to this mortgage rate will have an impact on the 

results from the mortgage holder’s perspective, since it will increase interest payments from 

the conventional mortgage holder and so, give a smaller total profit for the mortgage holder in 

a conventional mortgage than for the index-linked mortgage. By observing historical values 

of the mortgage rate offered by Handelsbanken, it can be seen that the lowest five-year 

mortgage rate between 1990-2013 was 3.13 percent and the highest was 15.5 percent. 

Historical mortgage rates from Handelsbanken are observed because of the completeness of 

the data time series. By looking at historical mortgage rates from the remaining three Swedish 

main banks: Swedbank, SEB and Nordea, it is believed that the historical mortgage rate levels 

from Handelsbanken are quite similar to historical mortgage rate levels from other Swedish 

banks. The mortgage rate that will be used for the conventional mortgage in this study is set 

to 3.54 percent, which is the average mortgage rate today (Compricer, 2014). This indicates 

that todays rate is low compared to historical data and the results of the scenario analysis will 

therefore be tested for different levels of an increase to the mortgage rate. The mortgage rate 

will be tested for levels up to 9.54 percent (an increase of 6 percentage points). The mortgage 

rate will not be tested for values above this level, even though the historical data indicates that 

the mortgage rate can go beyond 9.54 percent, because the implications on the results from 

testing six different rates will be sufficient for this study.  

 DATA COLLECTION 4.3

The additional data needed for this study is mainly taken from Finansinspektionen, the four 

main Swedish commercial banks Swedbank, Handelsbanken, SEB and Nordea, Nasdaq 

OMX, Valueguard and Compricer.  

From Finansinspektionen (2013) historical data on mortgage rates in Sweden is gathered. 

This data shows the mortgage rates at the Swedish main banks components, in particular, 

what sources of costs that need to be covered when setting the mortgage rate. The average 

yearly net margin for the four Swedish main banks is 0.55 percent of the nominal mortgage 
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loan value, this data is used to calculate the target net margin for a bank for both mortgage 

structures. Other costs such as expected credit losses, costs for holding liquidity reserve, taxes 

and administration costs are assumed to be a fixed percentage of the nominal loan value and 

is summed up to a total of 0.63 percent. The traditional mortgage that will be compared to the 

mortgage linked to the fund is assumed to have a fixed five-year mortgage rate of 3.54 

percent, which is the current average five-year mortgage rate today (Compricer, 2014).  

From Nasdaq OMX monthly values of the HOX Flats Stockholm Index between the years 

2005-2014 are collected (which is for how long the index has existed). This is a total of 110 

data points, which are used to calculate the latest five-year return of the index of 52 percent 

(Nasdaq OMX, 2014). This is used as a benchmark to the positive reference scenarios. The 

negative reference scenario is set by observing literature on the 1990s crisis where house 

prices were stated to decrease with 39 percent. Data obtained from Valueguard consists of flat 

sales transaction history in Stockholm, which for the year of 2013 in total constitutes of 86 

676 data points.  This data is used to calculate the number of transactions of each apartment 

size (based on number of rooms) and the average sales price for each apartment size. The 

average sales price is calculated in order to decide what reference loan should be used in the 

study. The apartment size with most transactions during 2013 is one-bedroom apartments and 

the average price for one-bedroom apartments at SEK 2 956 268 is thereby chosen for the 

reference loan in this study. Since the model applies to households having an initial LTV of 

85 percent the considered nominal loan value in the model is SEK 2 512 828 (Valueguard, 

2014b). All data obtained from Valueguard is under a confidentiality agreement. 
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Table 4.2 below summarizes all parameters for the study, how the parameters were set, and 

their sources. 

Table 4.2: Summary of methodological assumptions 

The table shows all assumptions made on the parameters affecting the results and the table also presents how the 

assumptions were decided.  

 

 

 LIMITATIONS  4.4

There are some limitations with the approach of this study and of the methods chosen. The 

approach is to first choose and develop a skeleton of the index-linked mortgage structure with 

respect to highlighted problems and preferences of today’s conventional mortgages. This 

particular structure, which is already created, is then optimized from the borrower’s 

perspective. The study does not find the most optimal mortgage structure, but instead it finds 

the most optimal structure given some preferences and already made assumptions. Also, the 

assumptions regarding the bank’s financing cost, that this is fix over the five-year period and 

based on an historical average financing cost at Swedish banks is a severe simplification. 

Additionally, the risk considered in this study is mainly quantified as the borrower’s current 

LTV ratio. There are many other possible risks that could be modeled, such as prepayment 

risk and income risk. Furthermore, the study does not include any calculations on taxes. 

Another simplification that is made is the assumption of linear development of the HOX Flats 

Stockholm Index in the tested scenarios. Finally, the study does not analyze the potential of 

such mortgage structure with respect to regulations, to supply and demand in the financial 

market. Although these stated limitations, the methods chosen are considered sufficiently 

good to answer the study’s research questions, which are narrowed down to enable a study of 

this scope to be pursued.   

Symbol Parameter name Value Decided by Source 

  Equity investment SEK 443 440 Historical data Valueguard 

   Initial apartment value SEK 2 956 268 Historical data Valueguard 

   Initial nominal loan value SEK 2 512 828 Historical data Valueguard 

     Initial loan to value 85% Model preference  

   Mortgage rate conventional 3.54% Historical data Compricer 

   Expected credit loss bank 0.05% Historical data Finansinspektionen 

  Liquidity reserve bank 0.08% Historical data Finansinspektionen 

  Taxes bank 0.15% Historical data Finansinspektionen 

  Administration cost bank 0.35% Historical data Finansinspektionen 

     Index development -50% up to 60% Historical data Nasdaq OMX 

     Factor deciding fund development 0.9 Model preference Castle Trust 

      Factor deciding fund development 0.6 Model preference Castle Trust 

  Mortgage rate index-linked Variable Optimization  

   Financing cost index-linked Variable Optimization  

   Loan change vs index Variable Optimization  

    Loan change vs index Variable Optimization  
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 VALIDITY AND RELIABILITY 4.5

This study intends to examine how an index-linked mortgage connected to a fund could be 

optimally structured and how it will benefit the bank, the mortgage holder and the investor. 

Furthermore, the aim is to analyze the borrower’s LTV ratio in this structure, and how it 

affects the lending bank in a risk perspective.  

The validity of the research questions has been assured by identifying parameters in the 

structure that will affects the different stakeholders in the specific mortgage structure. These 

will be optimized through linear optimization according to constraints to assure certain levels 

of profitability and risk for all stakeholders in extreme scenarios. The optimized structure will 

then be tested for different apartment price developments through scenario analysis, which is 

a common and sufficient way of estimating profitability in the future (see earlier theoretical 

references in chapter 4). Furthermore, in order to give the structure a fair evaluation, it will be 

compared to a conventional mortgage of similar terms already available on the market. From 

a mortgage holder’s perspective, the interest payments will be compared to those of a 

conventional mortgage in different scenarios as well as the realized profit or loss after selling 

the apartment and repaying the outstanding loan value. From the bank’s perspective, a 

sufficient gross margin will assure profitability. Studying historical gross margins at Swedish 

banks gives a better understanding of the appropriate level of what margin a bank should 

hold.  From the investor’s perspective, the return will be observed for different scenarios and 

compared to the actual return of similar funds, which gives an understanding of an 

appropriate return. The LTV level of a borrower with an index-linked mortgage will be 

compared to that of a conventional mortgage with same initial loan size and initial LTV. The 

results will be analyzed by considering earlier studies on mortgage holders LTV-ratio and its 

implications on probability of default.  

Regarding the study’s reliability, the study needs to be able to be replicated by other 

researchers. It is believed that the methodology chapter in this report clearly presents the 

methods used, the approach, and sources of data. The methods used in this study can be 

repeated by using the methodology chapter in this study as a manual. However, some data 

used in the study are public but difficult to manage without help from partners, which the 

researchers of this report have established for this study. All data on apartment transactions 

used in this study have been received from Valueguard under a confidentiality agreement and 

is thereby considered difficult to retrieve. However, the results from analyzing the data from 

Valueguard are presented in section 4.3 and are all that is needed for this study.  
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5 RESULTS 

In this chapter, the results of the study will be presented. The results will serve as the basis 

for the analysis and the discussion in the fallowing chapter. The following results include the 

results of the optimization analysis, the scenario analysis and the sensitivity analysis that 

were made in order to answer the research questions.  

 THE INDEX-LINKED MORTGAGE STRUCTURE 5.1

The structure of the index-linked mortgage included two non-defined parameters   and  . 

The first factor   is the weight deciding the change in nominal loan value relative the HOX 

Flats Stockholm Index development and   is the index-linked mortgage rate. These 

parameters have been decided through linear optimization and by testing possible levels of 

the mortgage rate   that gives feasible optimization solutions.  

5.1.1 FEASIBLE INTEREST RATE FOR INDEX-LINKE MORTGAGE 

The results of feasible mortgage rates in the index-linked mortgage are summarized in Table 

5.1 below, the lowest rate that gives feasible solutions were selected. 

Table 5.1: Feasible mortgage rates 

The table shows results for what level of mortgage rate in the index-linked mortgage that gives feasible solutions 

to the optimization problem. Marked in red are the constraints that are not fulfilled in the optimization problem for 

the certain mortgage rate. The lowest feasible five-year mortgage rate is chosen, which was 2.5 percent. 

For the positive reference scenario at an index appreciation of 50 percent all interest rate 

values obtained feasible solutions for the optimization problem. In the negative scenario with 

a 40 percent decrease however, the four lowest interest rates obtained constraint errors. For 

interest rate levels between 0.5-2.0 percent, only one of two constraints could be fulfilled, and 

never both at the same time. For an interest rate of 2.5 percent, there was a feasible solution 

with both constraints fulfilled. The chosen five-year mortgage rate for the index-linked 

mortgage is therefore 2.5 percent. 

Interest rate index-linked Positive scenario (50%) Negative scenario (-40%) 

0.5 % Feasible solution Fund return = -32 % or LTV = 112 % 

1.0 % Feasible solution Fund return = -30 % or LTV = 109 % 

1.5 % Feasible solution Fund return = -28 % or LTV = 106 % 

2.0 %  Feasible solution Fund return = -26 % or LTV = 103 % 

2.5 % Feasible solution Feasible solution 
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5.1.2 RESULTS OF OPTIMIZATION ANALYSIS: NOMINAL LOAN VALUE VS 

INDEX DEVELOPMENT 

The parameter    which desribes the change of the nominal loan value in relation to the index 

development was decided through linear optimization as described in the fourth chapter and 

is, as well as the constraint results, presented in table 5.2 below.  

The objective function in the optimization was the total gain of the index-linked borrower, 

including all interest payments, loan value change and investment gain. To recap, the 

constraint of the fund return was to get a fund return of at least 0.9 times the index 

development in an index appreciation environment and 0.6 times the index development in a 

depreciation environment. The LTV was to be below 100 percent for all index developments 

except depreciations of 40 percent or more. 

Table 5.2: Optimization results 

The table shows the results from the optimization analysis. The optimal weights    and    that decide how the 

loan value should change in relation to the index is presented as well as the total five-year profit for the index-

linked mortgage holder and the conventional mortgage holder. The parameters with constraints, the LTV and the 

five-year return of the fund are also presented.   

 

In the two reference scenarios, which where chosen to 50 percent index increase and 40 

percent index decrease, the parameters    and    was decided in the optimization analysis 

with respect to the constraints summarized in table 5.2 above.  The solutions of    were 0.69 

and    were 0.74. This means that for every percentage increase in the index the nominal 

loan value will increase by 0.69 percent and for every percentage decrease it will decrease by 

0.74 percent. In the reference scenarios these parameters enabled the total gain for the 

mortgage holder to reach SEK 246 183 and SEK -702 542 in the positive and negative 

 
Positive scenario (50%) Negative scenario (-40%) Parameter specification 

Variable 

Nominal loan 

value vs index 

development 
                   Variable 

Target function 

Mortgage holder 
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Mortgage 

holder/Bank 
        

 

 

         
 

 

Constraint: 

LTV ≤ 100 percent 

Fund investor     45%          

Constraint: 

Positive scenario: 

Annual return ≥ Index x 0.9 

Negative Scenario: 

Annual return ≥ Index x 0.6 
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scenario respectively. As a reference, the conventional mortgage experienced a total gain for 

the mortgage holder at SEK 1 040 421 and SEK -1 620 220 in the positive and negative 

scenario respectively. The implications of the profits and losses for the two mortgage 

structures will be discussed further when results for the scenario analysis are presented. The 

set parameters also gave an LTV lower than 100 percent in all scenarios above a depreciation 

of 40 percent, as desired. For the fund investor the five-year return is 45 percent when the 

index appreciation is 50 percent, which gives the two returns a relation of 0.9 in the specific 

scenario as predetermined. In the negative scenario where the depreciation is 40 percent the 

fund return only drops by 24 percent, which gives the predetermined relationship of 0.6 

relative to the index. These relations are not constant for all scenarios but the structure secures 

that the fund will profit more when the index experiences an increase than the loss the fund 

will experience at an index decrease. The relations between the fund return and index 

development for each scenario will be presented in more detail later in the scenario analysis. 

 RESULTS OF SCENARIO ANALYSIS 5.2

The index-linked mortgage structure was tested for scenarios in the range of an index 

development between -50 percent and 60 percent. Most of the results generated have been 

compared to a conventional mortgage, with certain assumptions that are stated in the fourth 

chapter. The results presented in this section have been chosen by recognising what different 

stakeholders would find interesting when entering an index-linked mortgage as the mortgage 

holder, lending bank or fund investor. The results include total gain (or loss) for the five-year 

period for the different stakeholders, the interest payments, which are interesting from the 

mortgage holders point of view, as well as the LTV-ratio of the given mortgage, which is 

interesting both for the mortgage holder and the bank.   

5.2.1 MORTGAGE HOLDER PERSPECTIVE 

From the mortgage holder’s perspective, the interesting results consists of the actual gain or 

loss that he or she experiences at maturity when the apartment is sold and the loan is repaid. 

As earlier stated, the borrower will be assumed to sell the apartment after five years at market 

price, which is represented by the initial value adjusted with the index development. The total 

profit for the mortgage holder considers the profit or loss from selling the apartment and 

repaying the loan, as well as the total five year cost from interest payments. All results from 

the mortgage holder’s perspective are compared to the results from a corresponding five-year 

conventional mortgage, in order to evaluate the performance of an index-linked mortgage.  
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Firstly, the total profit for the mortgage holder is presented in Figure 5.1 below. Thereafter 

the total profit will be broken down into the components that represent the total gain or loss 

from selling the apartment and thereafter the interest payments. 

 

Figure 5.1: Total profit for mortgage holder of an index-linked mortgage and conventional mortgage 

The graph compares the mortgage holder’s total profit for the two mortgage structures when selling the apartment 

after five years at market price when the total cost of interest payment for five years is considered. The total profit 

for the two mortgage types will go break even at 7 percent. The index-linked mortgage has a flatter profit line with 

lower possible losses and lower possible profits. 

 

The total profit for the mortgage holder is presented in Figure 5.1 above for both the index-

linked mortgage and the conventional mortgage. The total profit consists of the realised 

equity gain (or loss) for the mortgage holder when selling the apartment and the cost of the 

interest rate payments, which will be presented in more detail below. The results show that 

the total profit after five years for the index-linked mortgage is equal the total profit for a 

conventional mortgage at an index increase of 7 percent. For appreciations above 7 percent 

the conventional mortgage will profit more than the index-linked mortgage and for index 

developments below a 7 percent increase the index-linked mortgage will give a lower loss 

than for conventional mortgages. The maximum loss for the index-linked mortgage, i.e. in the 

chosen extreme scenario of 50 percent depreciation, is SEK -800 537. For the conventional 

mortgage, the maximum loss is SEK -1 915 847. The maximum gains, i.e. in the most 

extreme positive scenario of 60 percent appreciation, are SEK 357 532 and SEK 1 336 048 

for the index-linked mortgage and the conventional mortgage respectively. The folloving two 

graphs will break down the total profit into the profit or loss from selling the apartment and 

the total costs of interest payments. These are interesting to view separetely since the gain or 

loss when selling will first be experienced at the end of the five year loan period, while the 

interest payments is something that the mortgage holder experineces every month during the 

five year period.  
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Figure 5.2: Realised gain at maturity when the apartment is sold for market price and the loan is repaid 

The graph shows the part of the total profit that represents the realised investment gain for the mortgage holders 

when selling the apartment after five years at market price and the loan is repaid.  These will go break-even at an 

index development of 0 percent. The realized gain for the index-linked borrower includes the fact that his or her 

loan value changes with the HOX Flats Stockholm Index. 

 

In Figure 5.2 above, the realised equity gain or loss when selling the apartment and repaying 

the loan is presented, assuming the apartment is sold at market price five years after the 

purchase date. The equity gain for the index-linked mortgage is heavily affected by the 

structure of the mortgage since the nominal loan value is linked to the index development, 

causing a larger loan at appreciation and a lower loan at depreciation. This gives a larger 

profit for the conventional mortgage at appreciation and a smaller loss for the index-linked 

mortgage at depreciation. At an index development of 0 percent the equity gain for the two 

loan structures are equal.  

Figure 5.3: Total interest payments during a five-year loan period  

The graph shows the total interest payments for mortgage holders after five years with an interest rate of 3.54 

percent for the conventional mortgage and 2.5 percent for the index-linked mortgage. The graph shows that the 

interest payments for the index-linked mortgage always will be lower than the payments for the conventional 

mortgage. 
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The second factor affecting the total profit for the mortgage holder is the interest payments 

that are paid monthly, which are demonstrated in Figure 5.3 above. These will accumulate a 

total cost over the five years that needs to be deducted from the profit or added to the loss 

realised when selling the apartment. The interest payments are based on the nominal loan 

value and will therefore vary for the index-linked mortgage in the different scenarios but stay 

constant for conventional mortgage holder with a fixed interest rate. Because of the low 

interest rate (2.5 percent) for the index-linked mortgage the total interest payments are lower 

than the total interest payments for the conventional mortgage for all scenarios tested, even 

though the nominal loan value on which the interest payments are based upon will increase in 

appreciation.  

5.2.2 BANK PERSPECTIVE 

For the bank, the interesting results are the total profit from issuing the different types of 

mortgages and the LTV ratio, as it has an impact and the creditworthiness of the mortgage 

holder and thereby his or her probability of default. Below the results for the total profit and 

the LTV-ratio are presented in Figure 5.4 and 5.5. 

Figure 5.4: Total five-year profit for bank  

The graph shows the total profit for the lending bank for the two mortgage structures. The profit is constant for the 

conventional mortgage as the index increases, but will increase for the index-linked mortgage. The profitability for 

the bank is equal for the two structures at an index development of 0 percent. Then, for further appreciations the 

index-linked mortgage will be more profitable. 

 

The bank’s profit from issuing the two mortgages is represented in Figure 5.4 above, which in 

the case of the index-linked mortgage will vary in the different scenarios. By comparing this 

graph to the graph in Figure 5.1, showing the total profit for the mortgage holder, it is 

observable that they are opposite in terms of what scenarios the index-linked mortgage is 

more profitable than the conventional mortgage. Hence, in negative scenarios the total profit 

for the index-linked mortgage is lower for the bank and higher in positive scenarios. The two 
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mortgage structures go break-even at zero percent. The profit from the conventional mortgage 

will stay constant while the profit from the index-linked mortgage will increase at index 

appreciations because the nominal loan value increases, which the interest payments giving 

revenue to the bank are based on. These will of course decrease at index depreciations. 

Figure 5.5: Loan to value ratio  

The graph shows how the LTV-ratio at maturity after a five-year period for the two mortgage structures decreases 

as the index development increases. The LTV-ratio for the index-linked mortgage shows a smaller change as the 

index changes than for the conventional mortgage. The index-linked mortgage never exceeds an LTV of 100 

percent unless the index depreciates by 40 percent or more. The LTV-ratios are break-even at an index 

development of 0 percent.   

 

In Figure 5.5 above, the development of the LTV ratio is tracked for the two mortgages in 

different scenarios. Thereby the LTV-ratio is calculated in order to assess how the 

creditworthiness changes for different scenarios comparing to a regular mortgage. For the 

index-linked mortgage structure, when the apartment price drops the loan also declines and 

the LTV-ratio remains to a larger extent intact. In times of depreciation the LTV is set to stay 

below 100 percent for all scenarios except an index decrease of 40 percent and beyond. At 

such an index development, the conventional mortgage experiences a LTV of 142 percent, i.e. 

the loan value is larger than the value of the apartment. At the extreme negative scenario 

where the index development experiences a drop of 50 percent, the LTV for the index-linked 

mortgage is 107 percent and for a conventional mortgage 170 percent. In times of 

appreciation, the LTV for conventional mortgages will fall below the LTV for index-linked 

mortgages. However, as Figure 5.5 shows, the LTV will always stay below the initial LTV at 

85 percent in appreciation. This means that the LTV will never expose the mortgage holder or 

bank to any increased risk as long as the house price development stays positive. Thereby, it 

is no real value for the conventional mortgage to hold a lower LTV than the index-linked 

mortgage in theses scenarios. Still, the difference between the LTV for the two mortgage 

structures are presented in table 5.3 to demonstrate how the difference favouring the index-
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linked mortgage is more beneficial than the difference favouring the conventional mortgage. 

The scenarios are separated into negative and positive scenarios, positive differences shows 

scenarios where the LTV of the index-linked mortgage is lower and negative differences 

shows scenarios where the LTV of the index-linked mortgage is higher.  

Table 5.3: Mortgage holder’s loan to value ratio for different index scenarios 

The table shows how the difference between the LTV-ratios for the two mortgage structures favours the index-

linked mortgage as the average difference in negative scenarios are larger than the average difference in positive 

scenarios.  

Table 5.3 above summarizes the average difference between the LTV for the two mortgage 

structures. In the negative scenarios the difference is to advantage for the index-linked 

mortgage since this mortgage structure experiences a lower LTV and in positive scenarios the 

difference advantages the conventional mortgage. The advantage for index-linked mortgages 

has an average of 32 percent and the advantage in positive scenarios for conventional 

mortgages has an average of 14 percent. Additionally, it is more crucial to have a low LTV 

when the apartment price experiences a decline, as is the case at negative index 

developments. This is because the LTV in these cases could go above 100 percent, which 

indicates that the outstanding loan value is larger than the actual apartment value, meaning 

possible difficulties to repay the loan when selling the apartment. Thereby, the average LTV 

advantage in negative scenarios for the index-linked mortgage is not only larger than the 

conventional mortgages advantage in positive scenarios, it is also more valuable to have a 

better LTV in the cases where the index-linked mortgages LTV outperforms the LTV of the 

conventional mortgage.  

Index development LTV index-linked LTV conventional Difference 

-10% 87% 94% 7 percentage points 

-20% 91% 106% 16 percentage points 

-30% 94% 121% 28 percentage points 

-40% 100% 142% 43 percentage points 

-50% 107% 170% 65 percentage points 

 

  
Average: 32 percentage points 

Index development LTV index-linked LTV conventional Difference 

10% 83% 77% -5 percentage points 

20% 81% 71% -10 percentage points 

30% 79% 65% -14 percentage points 

40% 77% 61% -17 percentage points 

50% 76% 57% -20 percentage points 

60% 75% 53% -22 percentage points 

  Average: -14 percentage points 
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5.2.3 FUND PERSPECTIVE 

From the funds investors’ perspective, the interesting results are the fund return, both annual 

and over a five-year period, which is the period for which the bank will hold the investors 

capital. The results for the fund return have been compared to the index development, which 

will give an indication on the difference between an investor placing his or her money in the 

fund and an investor buying an actual apartment. The investor placing money in the fund can 

invest a smaller amount of capital (minimum investment SEK 10 000) but the money will be 

held for five years. Whereas an investor purchasing an apartment will need a lot bigger equity 

amount to be granted a loan, but he or she can sell the apartment at whatever time he or she 

desires.  

Figure 5.6: The five-year fund return vs the HOX Flats Stockholm Index return 
The graph shows how the five-year fund return relates to the index development, and thereby the difference 

between an investor investing capital in the fund and an investor investing capital in an apartment.  The loss for 

the fund investor at depreciation is lower than the gain he or she will experience in appreciation. In the positive 

reference scenario, the five-year fund return is 42 percent and in the negative reference scenario -24 percent.     

Figure 5.6 above presents the fund return in relation to the index return. For negative fund 

returns, it is more beneficial to have a low return since it will indicate a loss. For positive fund 

returns the investor makes a profit, and it is thereby more beneficial to have a high fund 

return. This is why the fund return in relation to the index development is structured to give 

lower returns in negative scenarios and higher returns in positive scenarios. Figure 5.6 above 

shows that the performance of the fund can be divided into three blocks. The first block is at 

an index development below 8 percent depreciation. Here the fund return is negative and 

lower than the index development, hence it is more beneficial to invest in the fund than an 

apartment since the fund investor experiences a lower loss. The second block is between an 

index development of -8 percent and 23 percent. Here the fund return is positive and higher 

than the index development, which is also more beneficial for the fund investor since he or 
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she will experience a larger profit than the investor purchasing an actual apartment. The last 

block is for index developments above 23 percent. Here the fund return is positive but the 

index development is higher, which will make it more beneficial for the investor holding an 

apartment since he or she will experience a larger profit. However, for an investor only 

looking for a small exposure to the housing market the fund can still be the better option since 

less capital invested is required.  

The index-linked mortgage have been structured to give the fund a return of 0.6 times the 

index return in the negative reference scenario of -40 percent and 0.9 times the index in the 

positive reference scenario at 50 percent appreciation, which will give the fund investor a five 

year return of -24 percent in the negative scenario and 45 percent and in the positive scenario. 

The fund return for all other scenarios and its relation to the index development is presented 

in more detail in Table 5.4 below. 

Table 5.4: Fund return for different index scenarios 

The table shows how the five year fund return in relation to the index development is lower in negative scenarios 

where it will experience a loss than in positive scenarios where it experience a profit.  The gain in positive 

scenarios is more than double the loss in negative scenarios. 

 

Table 5.4 above shows how the five-year return in relation to the index will vary for different 

scenarios.  For negative scenarios down to a 50 percent house price decline, the average five-

year drop of the fund return is 0.47 times the index development. In positive scenarios up to 

60 percent increase the average increase of the fund return will be 0.99 times the index 

development. This validates that the fund performance in general will give more gain in times 

of appreciation in relation to the loss in times of depreciation. 

Index development Five year return Annual return Five year return/Index 

-10% -1% 0% 0.12 

-20% -9% -2% 0.44 

-30% -16% -4% 0.55 

-40% -24% -5% 0.60 

-50% -32% -7% 0.63 

  
Average: 0.47 

Index development Five year return Annual return Five year return/Index 

10% 14% 3% 1,36 

20% 21% 4% 1,04 

30% 28% 5% 0,93 

40% 37% 6% 0,91 

50% 45% 7% 0,90 

60% 49% 8% 0,82 

  
Average: 0.99 
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5.2.4 SUMMARY OF SCENARIO RESULTS 

As observed in the above results for the different stakeholders, there are always winners and 

losers in the studied scenarios. Table 5.3 summarizes winners and losers in all scenarios 

where winners are defined as scenarios where the index-linked mortgage outperforms the 

conventional mortgage and red cells vice versa. For cells representing the fund investor a 

comparison to the conventional mortgage is not possible since this mortgage structure lacks 

the use of a fund to finance the issued loans. For the fund investor green cells will instead 

represent a positive fund return and red cells represent a negative fund return. Yellow cells 

represent scenarios where the two mortgage structures are equal.  

Table 5.5: Summary of scenario analysis results 

The table visualizes the winners and losers from holding or issuing an index-linked mortgage compared to a 

conventional mortgage in different apartment price scenarios. Red indicates that the stakeholder doesn’t profit 

from the index-linked mortgage and green that the stakeholder profits from it. Yellow indicates equality between 

the two options. 

 

Mortgage holder Bank Fund investor 

Index Interest Sale LTV Total profit Fund return 

-50%           

-40%           

-30%           

-20%           

-10%           

0%           

10%           

20%           

30%           

40%           

50%           

60%           

Table 5.5 shows that there are always winners and losers for holding an index-linked 

mortgage in each scenario. For all negative scenarios the mortgage holder is a winner, as they 

will pay lower interest and experience lower losses when the house value decreases, as well 

as hold lower LTV-ratios. The losers in these scenarios are the bank and fund investor. 

However, the banks net margin will only be less than for conventional mortgages, but still be 

positive. In positive scenarios the fund will experience a positive return and the banks total 

profit will begin to exceed the total profit for conventional mortgages. The mortgage holder 

will begin to take the fall when they experience a higher LTV and their profits from selling 

the apartment after repaying the mortgage are lower than for the conventional mortgage. 

Interest payments however, are still below interest payments for conventional mortgages.  
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 RESULTS OF SENSITIVITY ANALYSIS 5.3

In the sensitivity analysis the interest rate for the conventional mortgage have been varied to 

get an understanding of its impact on the results. Results affected by a change in the mortgage 

rate are the mortgage holder’s profits since the interest payments for the conventional 

mortgage will be affected.  

Table 5.6: Results of sensitivity analysis 

The table shows how interest payments for the conventional mortgage increases as the mortgage rate increases as 

well as the percentage change in interest payments. If the mortgage rate for the conventional loan increases by 

only 1 percentage point the interest payments increased by 28 percent. 

 

The changes to the interest rate for the conventional mortgage will affect the total interest 

payments over five year for the mortgage holder as Table 5.6 above shows. The impact of 

small variances in the interest rate shows large changes in total interest payments for the 

conventional mortgage. If the interest rate increases by 1 percentage point the interest rate 

payments will increase by 28 percent, which is an annual increase in interest payments at 

around SEK 24 000, which is a cost of SEK 2000 per month for the mortgage holder. As table 

5.7 below shows, an increase at 28 percent in total interest payments for the index-linked 

mortgage would take an index development of more than 60 percent appreciation, which is 

the only external factor affecting the cash flows of the index-linked mortgage.  

Table 5.7: The effect of index development on interest payment for the index-linked mortgage 

The table shows the interest payments for an index-linked mortgage at different index developments.  If the index 

appreciates by 60 percent, the interest payments increase by 21 percent. This is lower than the increase that the 

conventional mortgage borrower faces of an interest rate increase of 1 percentage point. 

 

 

 

 

 

 

 

 

Change Interest rate 

Interest payments 

[SEK] Change in payment 

±0 percentage points 3,54% -437 713 0% 

+1 percentage points 4,54% -558 876 28% 

+2 percentage points 5,54% -678 981 55% 

+3 percentage points 6,54% -798 047 82% 

+4 percentage points 7,54% -916 093 109% 

+5 percentage points 8,54% -1 033 137 136% 

+6 percentage points 9,54% -1 149 197 163% 

Index 

Interest payments 

[SEK] Change in payment 

0% -310 561 0% 

10% -321 454 4% 

20% -332 347 7% 

30% -343 240 11% 

40% -354 133 14% 

50% -365 025 18% 

60% -375 918 21% 
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At the most extreme scenario at 60 percent appreciation the index-linked mortgage will 

generate interest payments with a 21 percent increase from the initial level. The interest 

payments for the conventional mortgage will reach such an increase at an interest rate of 4.30 

percent, which is an increase of 0.76 percentage points. This shows that the interest payments 

for the conventional mortgage are far more volatile than for the index-linked mortgage, since 

a 0.76 percentage point increase in the five year mortgage rate is more likely than a 60 

percent five year increase in house prices.  

However, a change to the HOX index will impact on both interest payments and the nominal 

loan value for the index-linked mortgage, giving the mortgage holders total profit after five 

years larger variances as the index changes. These two factors have been accounted for in 

Figure 5.7 below for the index-linked mortgage, and compared to changes in the interest rate 

for the conventional mortgage in different scenarios by showing the total profit for the 

mortgage holder after five years when the apartment is assumed to sell for market price.  

Figure 5.7: Results of sensitivity analysis and total five-year profit for mortgage holders 
The figure shows the outcome of the sensitivity analysis. As the mortgage rate for the conventional mortgage 

increases the break-even point for where the conventional mortgage becomes more profitable than the index-

linked mortgage will demand higher index developments. 

The total profit for the mortgage holders where both gain from selling apartment and total 

cost of interest rate payments have been accounted for will stay constant for the index-linked 

mortgage as the mortgage rate varies and only change in different scenarios. For the 

conventional mortgage holder however, the total profit will decrease as the mortgage rate 

increases since the interest payments will increase. Figure 5.7 above demonstrates the effect 

on the total profit after five year in the different scenarios as the mortgage rate increases by 

up to 6 percentage points from the starting rate at 3.54 percent. When the mortgage rate is 

3.54 percent the conventional mortgage will profit more than the index-linked mortgage at an 

index development above 7 percent. In the case where the mortgage rate increases by 6 
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percentage points the conventional mortgage will not become more profitable before an index 

development of 46 percent. To properly see how the conventional mortgage needs higher and 

higher index developments to become more profitable for the mortgage holder than the index-

linked mortgage, all break-even points are summarized in table 5.6 below.  

Table 5.8: Mortgage rates with respective index break-even giving inequality of mortgage type 

The table shows break even between the index-linked mortgage and the conventional mortgage for different 

conventional mortgage rates. For index developments higher than the break-even point the conventional mortgage 

becomes more profitable than the index linked mortgage. At the current mortgage rate level of 3.54 percent, the 

index break-even is at 7 percent.  

 

 

 

 

 

 

 

Table 5.8 above shows that for each percentage point increase in the conventional mortgage 

rate the break-even point for where the conventional mortgage becomes more profitable for 

the mortgage holder than the index-linked mortgage will increase by 6-7 percentage points. 

How a conventional mortgage rate increase of 1 percentage point compares to an index 

increase of 6-7 percent is out of scope for this study. However, it gives an indication for when 

the index-linked mortgage will be more beneficial than a conventional mortgage from the 

mortgage holder’s perspective, which will be further analysed in the next chapter.  

 
  

Mortgage rate Index development break-even  

3,54% 7% 

4,54% 13% 

5,54% 20% 

6,54% 26% 

7,54% 33% 

8,54% 39% 

9,54% 46% 
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6 ANALYSIS AND DISCUSSION 

This section will discuss the results in more detail and also analyse the implications of the 

results. The results will be used to answer the research questions and will be compared to 

earlier research findings presented in the literature section earlier in the report. The analysis 

is divided into three sections – one section to answer each research question.  

 THE OPTIMIZED MORTGAGE STRUCTURE 6.1

This section will discuss the results that are used to answer the first research questions. To 

reprise, the first research question was 

1) How can the discussed index-linked structure be optimized from a borrower’s 

perspective?  

In the optimization problem the total profit for the mortgage holder with an index-linked 

mortgage was maximized in order to optimize the index-linked structure from a mortgage 

holder’s perspective. The optimal solution of    and   , which is the factor that decides how 

the nominal loan value should vary with the HOX Flats Stockholm Index, was for the chosen 

positive scenario of 50 percent appreciation        , and in the chosen negative scenario 

of 40 percent depreciation it was        . The mortgage rate providing a feasible solution 

given all constraints was    2.5 percent. These weights together with a rather low interest 

rate in relation to historical rates gave the mortgage holder a total profit of SEK 246 183 in 

the positive reference scenario and a total loss of SEK 702 542 in the negative reference 

scenario. This profit and loss was compared to the profit and loss for the conventional 

mortgage in the same scenarios and the results showed that the index-linked mortgage would 

give a smaller loss at negative index developments but also a smaller profit at positive index 

developments. So, the mortgage holder of an index-linked mortgage will give up a potential 

large profit if his or her apartments would experience a value appreciation, but be hedged 

against large losses and possible bankruptcy if the apartments value would drop. These where 

the most favourable results the index-linked mortgage structure could give while still 

satisfying the constraints set by the desired LTV-ratio and fund return.  

The implications of this mortgage structure will be further analysed from each stakeholder’s 

perspective. The indications from the structure giving the mortgage holder smaller profits but 

also smaller losses will be further discussed, as well as the results from the bank’s and fund 

investor’s perspectives.   
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 IMPLICATIONS FOR STAKEHOLDERS IN DIFFERENT 6.2

SCENARIOS  

The implications for each stakeholder will aim to answer research question two, which was 

stated as 

2) When and how could an index-linked mortgage connected to a fund with capital 

raised by investors benefit the bank, the borrower and the investor? 

In order to answer when the index-linked mortgage can benefit the different stakeholders, the 

structure was compared to a five-year conventional mortgage with the same initial loan 

amount and LTV. This part of the discussion will begin by considering the benefits from a 

mortgage holder’s perspective. 

6.2.1 THE MORTGAGE HOLDER’S PERSPECTIVE 

The results indicate that the index-linked loan is better than the conventional mortgage when 

considering the total profits after five years when the index experiences a decline. Figure 5.1 

shows that the conventional mortgage becomes more profitable than the index-linked 

mortgage at an index development above 7 percent, so as long as the index development is 

below 7 percent the index-linked mortgage is a winner. These results supports the idea that 

the index-linked mortgage could be seen as an insurance product to hedge borrowers for 

apartment price drops, which is similar to the house equity insurance brought up by Gleaser 

and Quigley (2009). However, the index-linked mortgage is less profitable than the 

conventional mortgage at index developments above 7 percent, still it will be profitable, 

which is important to keep in mind when evaluating the index-linked mortgage. 

Another aspect of the two mortgage structures, which is relevant from the mortgage holder’s 

perspective, is the interest payments. Although the conventional mortgage is more profitable 

when considering the gain from selling the apartment in positive scenarios, the five-year total 

interest payments over five years are for all tested scenarios always less for the index-linked 

mortgage than for the conventional mortgage, which is demonstrated in Figure 5.5. This 

means that a mortgage holder taking on an index-linked mortgage will always have lower 

monthly interest rate payments than conventional mortgage holders, which is an appropriate 

feature of a mortgage for low-income households in Sweden, especially since Almgren 

(2013) has highlighted the problematic issue for households of increased interest payment 

burden coming from new amortization rules.  
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The low interest payments for the index-linked mortgage are due to the low mortgage rate at 

2.5 percent, which for a conventional mortgage today is at 3.54 percent. The index-linked 

structure’s ability to provide mortgage holders such a low interest rate is an attractive feature 

for low-income households according to Syz et al. (2006). Additionally, if the interest rates 

market changes and interest rates start to increase, the mortgage rate in the index-linked 

mortgage structure won’t be affected. With a low interest rate and no amortization, the 

liability of payments eases for index-linked mortgage holders. This result is in line with Miles 

and Pillonca (2008), who state that this feature is beneficial for first time. The interest 

payments for the index-linked mortgage will however be affected by a change in house 

prices, but as Table 5.6 and Table 5.7 demonstrates, a 1 percentage point increase in the 

conventional mortgage rate indicates a larger increase in total interest payments over five 

years than a 60 percentage increase in house prices. This indicates that the index-linked 

structure also serve as a hedge against increases in interest rates. For conventional mortgages, 

if the repo rate increases, the increased interest payment burden could become too significant 

and some households won’t be able to keep up with their payments. However, increases in 

house prices will not only result in larger interest payments for the index-linked mortgage 

holder; it will also involve an appreciation in the nominal loan value. When considering the 

mortgage holders total profit, as Table 5.8 demonstrates, it takes a 6-7 percentage points 

index development increase to offset a 1 percentage point increase of the conventional 

mortgage rate. Whether such a change in the mortgage rate is comparable to the 

corresponding index development is out of scope for this study, but it indicates that a 

mortgage holder entering an index-linked mortgage should believe in a mortgage rate increase 

before a house price increase.  

To summarize, compared to a conventional mortgage holder, the index-linked mortgage 

holder will give up an upside profit when house prices increase but always have lower 

monthly costs during the lifetime of the mortgage, and they will be hedged both against losses 

if house prices decline as well as in increase of market rates. This makes the structure 

attractive for low-income households who do not mainly see the apartment purchase as an 

investment, but rather a home that is affordable and who also are risk-averse and worried for 

house price falls or increases in interest rates. 

6.2.2 THE BANK’S PERSPECTIVE 

From the bank’s perspective, the total profit for the two mortgage structures is defined by 

equation 4.7, where the total profit equals the banks net margin times the nominal loan value. 
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Since the net margin is assumed to be 0.55 percent for both mortgage structures, the only 

factor that will impact on a difference between the total profits for the two structures is the 

nominal loan value. For the conventional mortgage the nominal loan value stays constant 

since no amortization is assumed. For the index-linked mortgage however, the nominal loan 

value will increase when the index development is positive, and decrease when the index 

development is negative, which can be observed in Figure 5.4. This means that the total profit 

for the bank favours conventional mortgage in appreciation and the index-linked mortgage in 

depreciation. However, even though the total profit is larger for the conventional mortgage in 

depreciation, it is still positive for the index-liked mortgage, indicating that the bank will not 

make a loss when issuing an index-linked mortgage, but the difference in total profits can be 

seen as an opportunity cost for the bank. The reason that the bank can make a profit, even 

though the nominal loan value will decrease in depreciation, is that the fund will take the loss 

when the mortgage holder repays a smaller amount for the loan than the initial loan value. 

This will differ from the solution proposed by Miles and Pillonca (2008) and their Shared 

Appreciation Mortgage (SAM), where the bank will take all risk.  

To summarize, the index-linked structure is always profitable for the bank since the fund 

investor takes the potential loss when in depreciation, however there is an opportunity cost in 

depreciation since the conventional mortgage will be more profitable for the bank in negative 

scenarios.  

6.2.3 THE FUND INVESTOR’S PERSPECTIVE 

From the fund investor’s perspective, the index-linked mortgage have been structured to give 

a return of 0.6 times the index in the negative reference scenario of -40 percent decrease and 

0.9 times the index in the positive reference scenario at 50 percent increase. This gives an 

average fund return of 0.47 times the index development for negative scenarios up to a 50 

percent decline and 0.99 times the index development for positive scenarios up to 60 percent 

increase. This means that the fund performance will give more gain in times of appreciation 

in relation to the loss in times of depreciation, which is an attractive future for fund investors 

since they will experience an almost likewise return when investing in the fund as they would 

when holding an apartment, but still be hedged if the house prices would experience a 

decline. Also, the investor don’t need to hold the physical asset, which is the apartment, and is 

thereby more flexible in the size of the invested capital. These features are similar to those of 

Castle Trust Growth Housa (Castle Trust, 2014). Additionally, the fund return will not be 

negative before the index development reaches a decrease of 8 percent, so even though the 
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index development will experience a negative development, the fund performance will give 

its investors a positive return. 

To summarize, the structure of the fund enables investors to bet on the upside potential of the 

real estate market without investing in a physical assets, and also protect them against house 

prices drops. This financial innovation could be a solution to the problem stated by Shiller 

(2009) and Fabozzi et al. (2010), that financial products enabling investors to hedge real 

estate risk or bet on real estate development are limited and should be existing.  

 THE LOAN TO VALUE RATIO 6.3

Now the results regarding the second research question is discussed an analyzed. To reprise, 

the second research question was 

3) How does this mortgage structure affect the borrower’s loan to value ratio 

comparing to a traditional mortgage and how will this affect the bank’s risk 

exposure?  

The results show that the advantage for having a lower LTV in negative scenarios are both 

larger and more valuable for the index-linked mortgage, than the lower LTV the conventional 

mortgage experiences in positive scenarios. The index-linked mortgage is structured to keep 

an LTV below 100 percent for index depreciations up to 40 percent. At such an index 

development the conventional mortgage faces an LTV of 142 percent, meaning the loan value 

is larger than the value of the apartment. This puts the mortgage holder at risk since he or she 

can experience difficulties to pay back the loan when selling the apartment, placing the bank 

at risk as probability of default increases. This is supported by Wong et al (2004) who has 

found a positive correlation between default and current loan to value ratio (CLTV). Qi and 

Yang (2009) also attribute foreclosure risk and moral hazard due to high LTV ratios of 

mortgages. They mean that when the LTV ratio on mortgages increases, the risk is transferred 

to lenders. This means that the bank that issued the mortgage will face increased risk and 

thereby need to hold more buffer capital, which is associated with higher costs. For positive 

index developments the conventional mortgage will hold a lower LTV than the index-linked 

mortgage. The levels of the LTV will however always stay below the initial LTV of 85 

percent in positive scenarios for both structures, meaning the LTV is at normal levels, neither 

putting the mortgage holder, nor the bank at risk. The results indicate that the index-linked 

mortgage is an appropriate structure through a risk perspective for both the bank and the 

borrower compared to a conventional mortgage. In contrast to Ebrahim et al. (2011) who find 
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that other types of financial innovations such as participating mortgages can improve the risk 

sharing between the borrower and the bank, this study shows that the overall risk for the 

borrower and bank can be reduced by introducing a third player; investors of the fund. In 

concordance with Ebrahim et al (2011), this new financial innovation could enable better risk 

sharing between the bank, the mortgage holder and the investor in the sense that the mortgage 

holder is enabled to unload some of his or her house equity risk.  

To summarize, the index-linked structure tested in this study holds a lower LTV in times of 

house price depreciation when the LTV of the conventional mortgage hits crucial levels.  The 

index-linked mortgage helps mortgage holders to unload some of their house equity risk and 

decreases their probability of default. This will reduce some of the banks risk and could 

potentially be used as a mean to enable banks to lend to riskier households. 

 SUMMARY OF ANALYSIS 6.4

Throughout this chapter the benefits for the three stakeholders have been handled separately. 

This section aims to discuss the combination of all stakeholders’ benefits in different 

scenarios. In Table 5.5 it was demonstrated how there are always winners and losers for each 

scenario when holding an index-linked mortgage. When the mortgage holder experiences a 

smaller loss in negative scenarios and thereby become a winner the fund investor and bank 

will be losers. The fund investor will take a loss since he or she believes in appreciation on 

the housing market, and the bank will receive a smaller profit than for the conventional 

mortgage, but an important reminder is that the bank will still make a profit in these 

scenarios. In positive scenarios, when the mortgage holder gives up some of the profit from 

the value increase of the apartment, he or she is a loser, and the bank that will experience a 

larger profit for index-linked mortgages than conventional mortgages, and the fund investor 

who will have a positive fund return, are winners. The mortgage holder and bank will be 

losers when it comes to a worsening LTV-ratio, but since the LTV will be below the initial 

level of 85 percent, the LTV will not put them at risk. Also, the mortgage holder of the index-

linked mortgage will still pay lower interest payments in these scenarios than for the holder of 

a conventional mortgage, which makes him or her a winner when it comes to continuous 

monthly costs. After a study from all three stakeholders perspectives, it becomes clear what 

type of mortgage holder and fund investor would be interested in holding an index-linked 

mortgage or investing in an index-linked fund. Even though both will be losers for some 

index developments, the upside gain in their winner scenarios will exceed the experienced 

loss if the index will develop in a way in which they have bet against. For the mortgage 
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holder, the losing scenarios indicate a lower profit than if holding a conventional mortgage, 

but he or she will still make a profit. When the mortgage holder enters an index-linked 

mortgage, he or she wants to be hedged against losses that could involve a personal 

bankruptcy if the housing market would experience a large house price drop. For this he or 

she needs to give up some profit if the market goes in the opposite way and continues to 

experience a positive development. This makes the index-linked mortgage suitable for 

mortgage holders with low monthly income and large indebtedness. The fund investor will 

bet on a house price appreciation and it is only natural that he or she will experience a loss if 

the market goes in the opposite direction. However, the fund is structured to give a lower loss 

in relation to the index development at house price drops than the profit in relation to the 

index when house prices rise. A negative aspect for the fund investor investing in the fund 

instead of actually purchasing an apartment is that his or her money will be locked in for five 

years before any profit or loss can be realised. To the advantage of the fund investor however, 

is that he or she can invest a smaller amount of capital and can thereby easily be exposed to 

the house price market. This makes the index-linked mortgage suitable for investors seeking 

exposure to the housing market, either to diversify their holdings or because they believe in a 

house price increase, but who don’t have the capital or possibility to invest in an actual 

apartment. The bank is a loser for negative scenarios but will still make a profit, the 

difference between the profit of the index-linked mortgage and the conventional one however, 

can be seen as an opportunity cost. When issuing an index-linked mortgage before a 

conventional mortgage the bank will reduce its risk exposure since mortgage holders will 

have lower monthly costs and the LTV-ratio will remain below 100 percent even for extreme 

house price drops, easing the payment burden for households and lowing their probability of 

default. 

 DISCUSSION OF RESULTS 6.5

In this section the reasonability of the most relevant results is discussed. The possible 

implications of the structure discussed in chapter 4.2.1 have now been confirmed by the 

results and the analysis. It did not come as a surprise that the mortgage holder had to give up 

some of the property investment gain when entering into this mortgage structure, since the 

mortgage holder gets an insurance against apartment price drops. It is reasonable that the fund 

investor receives a return higher than the index for several index scenarios due to the fact that 

he or she also continuously receives the financing cost paid by the bank in addition to the 

change in loan value. The bank shows to always make a profit in this structure, although it 

earns more money from the conventional mortgage for some scenarios. This seems 
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reasonable since the bank gets higher interest rate payments from the conventional loan when 

the index depreciates, and while it still has the same financing cost. The fact that the LTV 

ratio will face a flatter profile for the index-linked borrower is also reasonable since the loan 

size moves when the apartment price changes. Finally, the result that the interest payments 

always are lower for the index-linked borrower than for the conventional borrower is an 

interesting and surprising result but which must be enabled due to the lower mortgage rate 

that the index-linked structure was abled to provide.  
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7 CONCLUSION 

This final chapter of the thesis will present the conclusions that could be drawn from the 

study. The conclusions are discussed by referring back to the purpose of the study. The 

chapter also includes a discussion of the thesis’ contribution and a discussion of potential 

future research.  The chapter ends with a sustainability discussion, in where the proposed 

structure is analysed in a practical point of view with respect to financial stability.   

 SUMMARY OF FINDINGS 7.1

The aim with this study was to examine how an index-linked mortgage connected to a fund 

could optimally be structured and how that structure will affect the bank as lender and fund 

manager, the borrower and the investor in different apartment price scenarios. In particular, 

the study aimed to analyze the three stakeholders’ profitability and risk in different scenarios. 

The results showed that the optimal structure of the index-linked mortgage is when the 

nominal value of the mortgage moves by 0.69 times the HOX Flats Stockholm Index in 

positive scenarios and by 0.74 times the index in negative scenarios. The five-year fixed 

mortgage interest rate providing a feasible solution was 2.5 percent, which is lower than the 

current average five-year fixed mortgage rate in Sweden. Compared to a conventional 

mortgage holders, the index-linked mortgage holders need to give up some of the potential 

value appreciation of the apartment when apartment prices appreciates, but they will always 

have lower monthly interest costs during the lifetime of the mortgage. Furthermore, they will 

also be hedged both against losses if apartment prices decline, as well as when market rates 

are raised. The structure also helps to unload some of the house equity risk in terms of a more 

beneficial LTV profile when apartment prices depreciate. These features make the structure 

attractive for low-income households who are in the risk zone of default if house prices would 

drop, or who will fail on their monthly payments if interest rates would increase. The index-

linked structure is shown to always be profitable for the bank since the fund investor takes the 

potential loss caused by index depreciation. However, there is an opportunity cost in 

depreciation scenarios since the conventional mortgage will be more profitable for the bank 

in. Additionally, the bank’s credit risk in terms of borrower LTV is reduced compared to a 

conventional loan in all negative scenarios. This feature could potentially be utilized to enable 

banks to lend to riskier households. The structure of the fund enables investors to bet on the 

upside potential of the real estate market in Stockholm without investing in a physical assets 

and it also protects them against large house prices drops. Even though there are winners and 

losers in the different scenarios in the studied index-linked mortgage, the losing scenarios for 
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the mortgage holder and bank only indicate lower profits and no actual losses. For the fund 

investor a loss when house prices fall is only natural because he or she has bet on a house 

price increase. This financial innovation could be a solution to the problem stated by Shiller 

(2009) and Fabozzi et al. (2010), that financial products enabling investors to hedge real 

estate risk or enabling investors to bet on real estate development are limited and should be 

existing.  

 CONTRIBUTION AND FUTURE RESEARCH 7.2

The results of this study are valuable for Swedish banks and other mortgage issuing institutes 

as well as for Valueguard who seek to develop financial products based on house price 

indices. The theoretical contribution is that the study shows a new potential way of hedging 

real estate risk but also a new way of investing in the real estate market. Furthermore it shows 

a potential way of reducing the interest rate risk that a household faces when holding a 

mortgage. To conclude, the study contributes to theory on financial innovation. 

Future research may be on the lack of liquidity of a real estate derivative market and the lack 

of alternative mortgage structures. Why isn’t there a market today in Sweden and what are the 

obstacles for such market to develop? Studies of more practical nature on these kinds of 

products would be needed. Also, it is believed that there is a need to analyze other potential 

risks apart from those included in this study that come with this type of mortgage structure, 

for the bank, the fund and the mortgage holder. Finally, by modeling the return that the fund 

investors will require for locking in money for five years in the fund with respect to the risk 

they take would improve the research. 

 SUSTAINABILITY DISCUSSION  7.3

The word sustainability is discussed in a broad range of contexts. Today there are many 

discussions on the importance of striving towards sustainable financial markets and especially 

stable financial markets. In this study, it seems reasonable to discuss the specific index-linked 

mortgage and its possible role in the Swedish financial system. Sustainability will in this 

setting refer to long-term economic stability and the safety of involved stakeholders. There 

are several important factors that must be discussed before an index-linked mortgage structure 

such as the structure in this study could be created in Sweden. Firstly, there are regulations 

that need to be taken into account. Secondly, one must more closely investigate and in more 

detail quantify the risks for the banks in such structure. Finally, the demand of such a 

structure must be known before the banks can offer it.  
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As discussed in chapter 1, possible regulations that might be introduced are new amortization 

requirements. If amortization requirements were introduced, conventional mortgage holders 

would experience heavier payment burden. Even if the index-linked mortgage also would go 

under these requirements, the borrowers of the index-linked mortgage still would have less 

monthly payment burden due to the low interest rate. In an unlikely scenario where all 

mortgage holders default on their loans and where the bank also defaults, what will happen to 

the fund investors? Funds in Sweden are today seen as separate entities and a fund is not 

affected when its bank that is taking care of its money defaults (Fondkollen, 2014). However, 

in the studied structure, the fund is dependent on the interest payments and the mortgage 

loans repayments. The fund therefore faces the risk of loosing some money if the mortgage 

holders default to repay their loans. This implies a risk to the financial system if there is a 

large issuance of index-linked mortgages. Regarding the demand of index-linked mortgages, 

there is a lot of research on the need of hedging real estate risk. However, there is less 

research on the demand for real estate investment opportunities. If the index-linked mortgage 

structure in this study should work, there is a need for capital raised by fund investors in 

Sweden. 

These concerns need to be dealt with as well as studying current regulations and other risks in 

order for an index-linked mortgage to be issued in Sweden.  
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