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1 Abstract 
This thesis investigates fund selection in the Danish covered bond market. This is done by creating a 

proprietary dataset compiled from both financial databases and cover pool reports from issuers of covered 

bonds.  

The data is considered as four distinct sections. These sections are macroeconomic, fund characteristics, 

security specific variables and cover pool details. The factors in each section are first described theoretically, 

then analyzed empirically and finally discussed in order to determine if the factor is economically significant. As 

the analysis progresses, strong factors are kept while weaker variables are excluded from the selection model 

moving forward. The macroeconomic section finds that the sample period is dominated by falling interest rates 

and that performance above the benchmark has been positively affected by this. For the fund characteristics, it 

is discovered that expense ratios help describe fund performance in a non-linear manner, with the implication 

that the optimal expense ratio is slightly above the minimum observation. Furthermore, it is found that funds 

that are highly exposed to interest rate risk through duration have historically yielded higher returns than the 

benchmark. This is due to the observed interest rate development. Examination of the cover pool data finds 

that funds exposed to relatively higher default risk has performed well, as no bond defaults have been 

observed in the sample period. Relating to this, it is also found that exposure to riskier types of collateral has 

driven outperformance. Finally, investing in cover pools with an overweight in large loans has led to 

underperformance, as it is argued that the falling interest rates have led to significant prepayments in this 

category of loan size. The result is a well-founded model that incorporates only the most significant factors. 

It is noted that the final model is affected by omitted variable bias and heteroscedastic errors, which means 

that the model implications have to be interpreted accordingly. Testing the model over several business cycles 

finds that only exposure to default risk is robust over all cycles. However, due to the limitation of the economic 

environment of the sample period, the forward-looking capabilities of the model are restricted. Further 

research into this subject is encouraged once data based on other interest- and default paradigms is available, 

in order to validate and improve on the results found in this thesis. 
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2 Introduction 
When it comes to investment management and asset allocation, much time is spent on selecting an 

appropriate fund to invest in the equity markets. This is to be expected, as the equity allocation often accounts 

for the majority of the volatility in a portfolio. Over time, selecting an equities fund has thus become a well-

researched area, resulting in a gap in academic knowledge between selecting an equity manager and selecting 

a fixed income manager. This is despite the fact that fixed income products frequently make up the majority of 

the value of the strategic asset allocation (Doeswijk et al, 2014). The lack of research may indicate that 

inefficiencies in fixed income fund selection could exist and thus would be valuable to examine. The universe 

chosen to examine this topic is the Danish covered bond market, which contains a significant share of callable 

mortgage-backed securities. These callable bonds are inherently difficult to price correctly, as it requires 

precise modelling of mortgage owners’ behavior. The embedded call option means that a falling interest rate 

causes mortgage owners to refinance their mortgage at par value to a loan with a lower interest rate 

(Rasmussen et al, 2014). When interest rates get sufficiently low, the Danish mortgage bonds experience 

increasing yields as interest rates fall even further, which is the inverse behavior of regular non-callable bonds.  

This is referred to as negative convexity. This inherent complexity makes for an interesting case for researchers 

to gain insights into what creates value when selecting an active fund within the fixed income markets. Fund 

performance is thus suspected to be driven by both the ability to estimate expected prepayments as well as 

the development in the broader economy, in order to more precisely position the fund portfolio accordingly in 

the mortgage bonds. Also, the fact that the size of the market of Danish covered bond funds is sufficiently 

small, makes this an interesting case, as the ability to dig deeper makes room for more general conclusions 

about the Danish covered bond market as a whole.  

In order to gain deeper understanding of how fund investments in Danish covered bonds perform, it is relevant 

to examine different fund characteristics. Characteristics such as manager tenure and fund size are often used 

to explain how the best differ from the worst performers. Furthermore, investigating the composition of the 

securities held and their underlying cover pools characteristics is also expected to yield factors that are 

valuable to look at. Lastly, it is important to realize how the average Danish covered bond fund performs in 

different business cycles. As such, an analysis of fund performance as a function of different macroeconomic 

risk factors is relevant.  

It is interesting to look at how all these variables work together in identifying outperforming funds as a unified 

model. The goal is to look at how the different variables interact when trying to identify these funds. This 
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means that we do not focus on only a few variables, but look at how each one helps explain returns individually 

and from there check if they are correlated. This is what separates this thesis from former research that 

primarily focuses on the explanatory power of each factor on an individual basis. They do not look at how the 

factors in unison can add value in explaining the outperformance of some funds. Ultimately the authors hope 

to not only distinguish which factors to include in a Danish covered bond fund selection process, but also 

provide guidelines to when the exposure to certain factors is ideal. 

3 Thesis Problem Statement 
The preceding introduction to and motivation for the fixed income fund selection research area leads us to the 

following overall thesis research question: 

Which factors have historically driven the outperformance of fixed income funds in the Danish covered bond 

market? 

To answer this question, the following sub-questions will be answered: 

 What characterizes the Danish covered bond market?  

 Which factors should theoretically help explain fund returns above the benchmark? 

 Does the theoretical expectancy provide significant explanatory power on an empirical sample?  

 What are the limitations to the performance-predictive power of the identified selection model? 

The thesis starts by first answering the first research question. From here, it proceeds into a loop between the 

second and third question in which variables are continuously introduced on a theoretical level, tested 

empirically and then the results are discussed. The final question is answered, when an optimal model is 

determined. It is then stress-tested in order to evaluate the validity of the model and its potential for predicting 

fund excess returns. 

4 Delimitation 
The first and most significant delimitation to this thesis is the choice only to focus on the Danish covered bond 

market.  This allows us to narrow our research focus in order to spend more time looking at the underlying 

cover pools. This delimitation also allows us to allocate more effort into creating a database containing 
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information that is not readily available. As such, within the given time constraints, it could still be possible to 

find unexpected trends and patterns in a high-impact and core market to the Danish society.  

Another delimitation is the choice only to focus on public funds. This is chosen because of the increased data 

availability among public funds, which is even more important when performing a holdings-based analysis of 

the funds. The intention with this delimitation is thus to achieve a higher quality dataset at the expense of 

sample size. In relation to the fund holdings data, the period for which returns are acquired is delimited to the 

same time period as the holdings are available in. This is done to keep the focus on the holdings-based analysis, 

rather than do a part holdings-based, part return-based analysis. 

We choose to focus on fund-level characteristics as performance drivers. This means that we do not speculate 

in pricing individual securities through modelling of the future term structure through stochastic short rate 

models. In addition to this, we do not try to calculate the future prepayments. With this said, pricing of the 

mortgage securities will be briefly evaluated upon in a theory section, in order to show the assumptions, 

uncertainty and complexity in pricing these securities. The goal of this would be to identify important variables 

to examine, but also to demonstrate why inefficiencies may exist in the Danish covered bond market, thus 

increasing the value of active management in the area. Conducting an analysis of the pricing models for Danish 

mortgage securities and their accuracy would be an interesting addition to this thesis, however this would 

remove focus from identifying explanatory variables and make the analysis shallower. Instead, the focus will be 

on a deeper administrative and “after-the-fact” security selection approach.  

When it comes to benchmarking the sample funds, time is not spent on choosing maturity-matched 

benchmarks for the funds. Instead, a single benchmark is chosen to measure performance against. This 

benchmark represents all of the Danish mortgage bond market. In relation to the research questions, this 

paper seeks to find determinants of performance over a broad passive investment in the Danish covered bond 

market. As such it seems appropriate to delimit the paper to a single benchmark. 

Because of the above delimitations, this thesis can be viewed by the reader as preliminary research into what 

drives performance in covered bond markets. The main focus is on identifying what historically has driven the 

returns in Danish fixed income funds. This is with a goal of opening up for further research into this subject and 

the prediction of fund performance, although this thesis will not attempt to predict future performance.  
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5 Methodology 
This section goes through the methodology of the thesis. It describes the research design, as well as the data 

processing and analysis structure.  

5.1 Research Design 
Choosing and defining the research design is imperative when it comes to producing scientific results, as it 

describes to the reader the implicit assumptions that forms the basis for the thesis. It also helps the reader 

understand the structure of the paper, as well as the scientific tools that are implemented to arrive at the 

conclusions. This thesis will follow a diagnostic approach, where historical data is analyzed in order to 

‘diagnose’ the cause of excess return among fixed income funds in the Danish covered bond market. Put 

differently, this paper seeks to explain the drivers behind performance in this specific market. This is done both 

by describing the environment that fixed income funds have had to navigate in throughout the chosen time 

period, but also by identifying the underlying rationale behind the return drivers. 

The research design of this thesis follows the research onion framework in Saunders & Tosey (2012). The 

framework for this thesis is as illustrated below: 
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5.2 Research Philosophy 
The research philosophy is based on critical realism. The empirical observations are understood to be of an 

objective nature, providing a correct depiction of the environment it is derived from. Critical realism 

acknowledges the objective nature of the data, while also realizing that individual biases and subjectivity is 

unavoidable when the data is finally analyzed and the resulting findings are discussed (Saunders & Tosey, 

2012). With this research philosophy in mind, it is important for the reader to realize that the conclusions 

arrived at in this paper, while still valid through argumentation, is also a result of the background and 

experiences of the authors. Said differently, many of the conclusions drawn are based on subjective analysis of 

the objective data. For the reader, this is the equivalent of critically evaluating incoming information in order to 

determine if it holds value with regard to the reader’s objective. 

5.3 Methodological Choice 
The choice of ‘toolbox’ falls upon multimethod quantitative methods. Under the research philosophy stated 

above, this method is chosen because quantitative methods can be seen as being less subjective than many 

qualitative approaches. As such, various quantitative methods such as regression analysis, statistical inference 

and correlation analysis are used in an attempt to limit subjectivity. These methods and their conclusions are 

based on mathematical reasoning, although the following interpretation and rationale behind the results are 

still susceptible to human biases. 

5.4 Strategies 
The overall strategy used is a case study. The case is fixed income managers in the Danish covered bond 

market. This is chosen as the Danish market represents a small subset of the global market, although it has 

interesting characteristics implicit in its mortgage system. By choosing this case, it is possible to maintain a 

narrow focus in order to achieve depth in the results through holdings-based analysis. This depth opens up for 

the possibility of discovering more intricate details as compared to a broader, returns-based study. A possible 

disadvantage of a case study could be that the results might not be valid for other capital markets or 

geographical segments.  

5.5 Time Horizon 
Both cross-sectional and longitudinal time horizons are utilized in order to answer the research questions. The 

majority of the results will come from a longitudinal horizon where relevant performance drivers are examined 

over several time periods. This is supplemented with cross-sectional analysis, where the funds are also 
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compared against each other in order to differentiate over- and underperforming funds based on a set of 

characteristics.  

5.6 Techniques and Procedures 
The means of collecting data is by drawing on databases and hand-collecting data from company reports. This 

is evaluated upon in both the research structure and the data section. The method for analyzing the data will 

also be described in the research structure section below. 

5.7 Research Structure 
This thesis will first present a summary of the Danish covered bond market and gradually increase the 

granularity of the topic. After describing the market, the impact of the macroeconomic environment will be 

examined. Following this, the relation between the performance of the sample funds and their administrative 

characteristics are investigated. After this analysis, we introduce the Danish mortgage bond and proceed to 

analyze the security specific and cover pool characteristics. To support the analysis and improve the flow of the 

paper, theories will be presented as the thesis progresses. The overall structure of the thesis is as follows: 

 

5.8 Dataset Construction 
The data for the analysis section is collected from various sources. Below is a flow-diagram for the data 

construction process. The data is condensed into the final dataset through the following steps: 
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5.8.1 Going through the steps 

The Excel plug-in VBA is used extensively throughout the data construction process in order to code and handle 

large datasets. All the major coding mentioned in these steps can be found in appendix 6. In the following 

sections, the dataset construction will be briefly described. For a more detailed explanation we refer to 

appendix 1.  

5.8.1.1 Step 1 

A screening for fixed income funds invested primarily in Danish covered bonds is done using Morningstar 

Direct. This screen is then filtered by crosschecking the funds with Bloomberg, in order to make sure that both 

return and holdings data are available. The final list of funds used in this thesis can be found in appendix 2. 

5.8.1.2 Step 2 

Once a final list of fund ISINs has been found, holdings are retrieved from Bloomberg on a monthly basis from 

January 31, 2011 through December 31, 2016. For each security in the holdings on a given day, their ISIN and 

the number of each security held by the fund is reported. This holdings data is used to link between each fund 

and its underlying security and cover pool characteristics.  
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5.8.1.3 Step 3a 

Cover pool data is hand-collected from ECBC templates provided by each mortgage lender. This data contains 

information on the outstanding amount, average loan size, LTV (%), overcollaterization, realized losses, 

geographical and collateral distributions as well as maturity, loan size and type distributions. This is done on a 

quarterly basis, where reports are available.  

5.8.1.4 Step 3b 

The data specific for each security is collected through Bloomberg. A VBA code is written that goes through all 

holdings at each time period, for all funds. This gives us a list of unique ISINs. Once this ISIN list is in order, a 

database of security specific data is created by collecting data on these securities on a monthly interval from 

Bloomberg.  

5.8.1.5 Step 4 

Following the collection of the above data, each file containing data is structured in a way that allows for a 

programming solution. This program merges all data into a single file. The programmatic approach to merging 

these datasets allows for larger datasets, while also ensuring a consistent transfer of information.  

In order for the variables in the final dataset to properly reflect the sample funds, all cover pool and security 

specific variables are holdings-weighted based on fund holdings at a given period in time. This means that each 

variable, be it cover pool or security specific, is checked against price data as well as the actual variable’s data 

for each specific security that the fund has at that time.  

This method improves the completeness of the data, as a full dataset is not required to calculate each data 

point. The amount of observations behind each holdings-weighted data point varies flexibly, where holdings 

with missing data are omitted from the weighting scheme for that specific variable. On average, we can link 

70,51% of the underlying variables on cover pools and security specific data with its corresponding bonds. We 

believe that this is a sufficiently high percentage in order to arrive at proprietary conclusions between fund 

performance and holdings characteristics. 

Special cases are implemented for the duration and option-adjusted spread (OAS) data. More details can be 

found in appendix 1.  

This results in a final dataset that has consistent data, though at the expense of introducing a possible bias in 

each data point estimation since the two methods vary a bit in the way they are calculated.  



Page 12 of 166 
 

5.8.1.6 Step 5a 

We find fund level data such as expense ratios, fund size and management tenure using the Morningstar 

database. Because this database does not allow for earlier records of these variables, they are taken as fund 

specific data and are insensitive to calendar time changes. This means that the fund specific data is only 

available for January 2017. This is however not entirely justifiable for a variable such as management tenure, 

since it is time dependent. However, due to the lack of data, we assume that these variables are valid in order 

to make any analysis of their predictability of fund returns. Variables such as fee ratios are much more stable 

through time and it is therefore more reasonable to assume that these are valid for the fund over time.  

5.8.1.7 Step 5b 

Fund return data is downloaded from Thomson Reuters Datastream and Morningstar, while benchmark returns 

are downloaded from Bloomberg. Because the post-screening funds include two dividend-paying funds, 

adjustments are made to make the returns comparable. The specific adjustment is shown in appendix 1. 

Once the adjustments are made, excess returns over the benchmark are calculated for each fund and for each 

month. The choice of benchmark is evaluated upon in the data section below. 

5.8.1.8 Step 5c 

The macroeconomic variables are collected in monthly time series. They are merged onto the final dataset by 

matching the dates. This means that they are taken as fund insensitive, but calendar time dependent. 

5.8.1.9 Step 6 

The macroeconomic variables are merged into the final dataset together with the excess returns. This yields a 

dataset with 2.323 observations spread across funds and time. For each excess return observation there are 

corresponding variable data that has been linked throughout. With this dataset in hand, a final review is 

conducted to identify invalid observations. The result is a proprietary dataset that is unique to this thesis. 

5.9 Analysis Design 
The analysis will primarily be done using a statistical framework based on ordinary least squares regression 

followed by inference through hypothesis testing. This is done in order to quantify the impact of the different 

variables examined.  

The analysis will develop progressively as different types of variables are tested. It is important to state that the 

design of the analysis of this thesis is much more fluent than the common theory – analysis – discussion setup. 

It goes through a loop where each set of variables begin with a theoretical foundation for the choice of the 
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variable. It then performs the analysis, followed by a discussion on whether the results are justifiable and 

expected. This design is chosen to increase the readability.  

The first thing that is examined is the performance of the funds in relation to a series of macroeconomic 

factors. This is done in order to understand how the returns are generated throughout different business 

cycles. Following that, the fund characteristics are analyzed based on annualized average returns. This is 

important in order to properly evaluate a fund, since certain characteristics may indicate a better ability to 

perform. The returns are then looked at in the light of the security specific variables that define the holdings of 

each fund. This should enable a more in-depth analysis of what has driven fund performance. Lastly, fund 

performance will be regressed on a series of characteristics of the underlying cover pool of the covered bonds. 

This last analysis is essential in determining what causes outperformance, as the collateral supporting the 

covered bonds determines the risk associated with the future cash flows. This is also believed to be indicators 

of fund security selection skills, in that outperforming funds could justify their returns by being better at picking 

cover pool characteristics.   

Coefficients derived from statistical models indicate correlation, but it still leaves causation unexplained. 

Therefore, the findings are held up against their theoretical justification to identify deviations from what is 

already known in the literature and acknowledged as reasonable return sources throughout. After each 

section, the variables are tied together with earlier variables to see whether they capture new information or 

reflect what is already contained in the previous factors. 

Following the analysis section, the results will be thoroughly discussed in order to determine which variables 

have an economical explanation as to why it should increase or reduce the probability of outperformance. The 

discussion aims to tie up the analysis in order to arrive at valuable and implementable factors to consider when 

an asset manager is searching for a new fixed income fund in the Danish covered bond market. Furthermore, 

this section will discuss both the validity and reliability of the results through a stress-test of the model results 

and assumptions as well as a discussion of possible biases.  

After the discussion is a brief section on what further research that we suggest can be interesting to conduct in 

order to expand on the results found in this thesis. Finally, the conclusion collects the main findings of the 

thesis and presents them so as to provide a full answer to the stated research questions. 
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6 Data 
This section goes through the data used in this paper. It describes the gathering process, the screening of the 

data, the choice of benchmark and some critique of the data.  

6.1 Data Sources 
The data in this thesis is gathered through Bloomberg, Morningstar, Thomson Reuters Datastream 

(Datastream) and the individual reports that the Danish mortgage lenders publish, following the ECBC label 

when available. When using different sources for gathering data, it is important to look at their comparability 

and quality.  

Overall, the data extracted from Bloomberg and Morningstar is mostly assumed to be of good quality as they 

are both large and acknowledged data providers.  

6.2 Fund Specific Data 
The funds used in this thesis have been identified through the Morningstar database, using the “Danish Bond 

Category” criteria. This gave us a total of 114 funds including their unique ISIN identifiers. When funds have 

had different payout strategies based on tax advantages or accumulating of dividends, those that do not pay 

dividends are chosen for comparability.  

54 funds are left after the screening and filtering process. For these funds, we find fund level data such as fees 

and management tenure, through the Morningstar database. It is not possible to get earlier records of these 

variables and they therefore exist only for January 2017.  

There is no reason to question this data as the complexity is not very high and therefore, the quality can be 

thought of as good. One might question the accuracy of the data in case of fund fees, since this is something 

that is agreed upon at a case by case basis for institutional investors.  

6.2.1 Return Data 

The return data for each fund from January 31, 2011 through December 31, 2016 is collected from Datastream. 

The reason why this interval is chosen has to do with the availability of the holdings data described below. The 

return variable is the main endogenous variable that this paper will focus on explaining using other exogenous 

variables.  

The data collected through Datastream can have some data issues as pointed out by Ince and Porter (Ince & 

Porter, 2006). They use equity data for the US market in the period from 1975 to 2002 and this is therefore not 
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directly applicable for this thesis. However, it is important to note that there are some potential problems with 

the data quality that needs to be considered. This is evident perhaps in the fact that not all return data is 

available through this database. Three funds lacked return data in the Datastream database and the returns for 

the funds “Nordea Invest Bolig”, “Nordea Invest Kommune I” and “Nordea Invest Kommune II” have been 

found through Morningstar Direct. This immediately poses the question of whether the two databases are 

comparable in their return calculation methods and data. By testing fund returns existing in both databases, we 

find that there are little or no deviations between the returns and thus does not seem to pose any threat to the 

consistency of the data. Furthermore, it has not been possible to extract all of the funds’ return data through 

Morningstar, which is the reason why two databases have been used. 

The only data collected from Datastream is fund return data and the complexity of the calculation of this data 

is limited. Furthermore, as it is controlled against the Morningstar database, it seems fair to assume that this 

data is correct and can be used for further testing. 

6.3 Holdings Data 
The ISIN identifiers for each fund were used as identifiers in the Bloomberg database where the portfolio 

(<PORT>) function found the holdings of the funds on a monthly interval. The portfolio holdings option was 

only made available from the start of 2011 for the given funds and therefore naturally limited the data sample 

to start on January 31, 2011. The end of the sample has been chosen to be December 31, 2016. This yields up 

to 72 observations for each fund, depending on the fund’s data availability and startup/shutdown date.  

Whenever there are only quarterly data for the fund portfolio holdings available, it has been assumed that the 

holdings in the intermediate months are equal to the holdings at the beginning of the quarter. This seems like a 

fair assumption, since the holdings for a given fund does not change notably from month to month when they 

are in the fixed income category.  

The data that is extracted from the Bloomberg portfolio function is rather complete. The complexity of the data 

that needs to be extracted for each fund’s holdings is very small and measuring the holdings on a specific date 

is an unambiguous task. In most cases the funds upload their holdings lists to Bloomberg and often the funds 

report their holdings on a monthly basis (Bloomberg, 2003). This means that errors related to methods of 

collection and calculation is very limited in this data. However, there are periods that lack updated holdings 

data. Furthermore, some funds do not have data available all the way back to their initiation date. This 
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indicates that the dataset might exclude some data points. Since this is a very small part of the dataset and the 

data complexity is low, we believe that it is fair to draw conclusions on the resulting final dataset.  

6.3.1 Security Specific Data 

The ISIN identifiers are collected for each security in the fund holdings. These identifiers are used to gather 

security specific details, such as collateral type and cover pool name, together with a lot of prices, yields and 

similar information. The securities that fall under the “Covered Bond” category are collected in one group, 

whereas all other bond types are collected in another. Only the covered bond group is matched to their 

corresponding cover pool. The securities in the other group on average make up 21% of the number of bonds 

(and even less when looking at their market values) and we therefore do not include further information 

regarding them in the explanatory variables other than security specific information such as yield, duration and 

convexity. Lastly, there does not appear to be any derivatives or other complicated products in the holdings of 

the funds that need special treatment.  

The security specific data extracted from Bloomberg is not as complete as could be hoped for. For example, on 

December 31, 2016 there is only price data on 1.038 out of 1.605 bond ISINs. The 1.605 is all bonds present at 

some point in the data period and therefore a lot less of them are to be considered when one account for 

those that have matured before this date. It does however still present a data quality issue that has to be taken 

into consideration when evaluating the validity of the. 

Data points such as OAS, duration and convexity also present a major flaw in the dataset, because they are 

calculated based on a set of assumptions. This is especially a problem when talking about Danish covered 

bonds, as they have prepayment risks that are not always fully captured in these assumptions. To ensure the 

quality of the data points, the data given by Bloomberg’s own database metric is chosen as a first priority and 

only backed up with values calculated by Bloomberg’s yield analysis tool as a second priority when the first 

priority data does not exist. This is simply because we do not have any better estimate of the true values of 

these variables. The consistency in this method however makes them somewhat comparable.  

6.4 Cover Pool Specific Data 
From the covered bond group, there are 1.292 different bonds with 70 different cover pools. Out of these, 337 

of the bonds have undisclosed or no available data on the cover pool. Whenever the issuer of one of these 

bond resembles one of the other known issuers in the sample with a given cover pool, we have assumed the 

largest cover pool for that issuer for that bond. The size is measured on outstanding amount.  



Page 17 of 166 
 

This means that we have assumed the following cover pools for a given issuer of bonds where the cover pool 

was undisclosed or had no available data: 

 

This brings the total number of bonds that have undisclosed or no available data on the cover pool down to 

145.  

From the cover pools that can be identified, the top 28 pools, measured on number of bond appearances in the 

fund holdings, is put into our cover pool database. This database is then filled in manually for each quarter with 

characteristics of geographical and collateral distribution, loan size, LTV and the like. The data comes from the 

reports that each Danish covered bond issuer publishes on a quarterly basis. When available, the ECBC label 

reports have been used to guarantee comparability in the numbers calculated. However, the ECBC label is not 

followed by all issuers throughout the entire time period and therefore older and spottier reports have been 

used to fill in data. Furthermore, some reports for smaller cover pools such as “Jydsk Grundejerkreditforening” 

and “Østifternes Kreditforening” is collected from reports obtained via personal requests through Realkredit 

Danmark. 

Since the data are only available on a quarterly basis, it has been assumed that the characteristics of the cover 

pool in the intermediate months are equal to those at the end of the quarter. The reason why the end of the 

quarter is used is that the reports that come out at the end of each quarter are covering the quarter leading up 

to it.  

Some of the cover pools have information that does not go as far back as to January 31, 2011. In addition to 

this, some information regarding single entries is unavailable on certain dates. For these cover pools, the 

information is assumed to be equal to the most recent available entry for the same cover pool.  

Issuer: Cover pool chosen:

NORDEA KREDIT REALKREDIT Nordea Kredit Real Cap Cent 2

DANMARKS SKIBSKREDIT AS Danish Ship Fin. Gen. Capital

REALKREDIT DANMARK / REALKREDIT DANMARK A/S Realkredit Danmark Cap CenterT

BRFKREDIT A/S BRF Kredit Capital Center E

DLR KREDIT A/S DLR Kredit Capital Center B

NYKREDIT / NYKREDIT A/S Nykredit Capital Center H

TOTALKREDIT Nykredit Capital Center H
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It seems like a fair assumption that the cover pool information is filled in whenever there are no available data, 

since there is a large difference in the composition between each pool, but the same pool has a relatively 

constant composition through time.  

The cover pool reports have very little possibility of being misguiding. They have to follow specific calculation 

methods and standards set out by ECBC. However, since all information is transferred to our database on a 

manual basis, there is some chance that entries are mistyped. To limit the extent of these errors, all numbers 

are checked on a rational basis, meaning that entries that constitute a percentage do not exceed 100% and 

that the sum of groups is equal to 100%. Also, outliers are checked, to make sure that they are in line with the 

reported data. Hereafter, it is assumed that the cover pool data is in a good enough shape and that the number 

of entries ensures that minor errors do not constitute wrong conclusions.  

Out of the bonds in the covered bonds category, 1.069 of them has cover pools that can be matched with the 

cover pool database. This means that we can join cover pool variable information on the individual bonds for 

the given date. Thereby, we are able to explain on average 71% of the number of bonds in each fund’s holdings 

all the way down to the cover pool level. Looking at an average of market values explained, this number is 

expected to be even higher, since the cover pools often contain information on the largest holdings of each 

fund. This should also mean that the variables regarding the cover pools should be interpretable on the fund 

level as explanatory for the monthly returns. 

6.5 Macroeconomic Variables 
The data on the macroeconomic variables are collected through Bloomberg on a monthly basis. This includes 

“OECD Denmark Comp Leading Stock Index”, “Danish Govt. yield 7Y-10Y and “10Y Danish Govt. yield”.  

The quality of the macroeconomic data is assumed to be high, since it is extracted from Bloomberg and does 

not come from complex calculation methods that are up for discussion. Furthermore, Bloomberg simply 

imports the official figures from either the financial markets or the organizations that provide the indicators.  

6.6 Time Horizon 
In order to have as big a sample as possible, while still being able to capture changes in holdings and underlying 

cover pool compositions, a monthly frequency has been chosen. Since the portfolio holdings is the link 

between the fund returns and the underlying cover pool information, this is also what limits the sample size. 
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Depending on the fund, we find up to 72 holdings of each fund for the period from January 31, 2011 through 

December 31, 2016. In total we have 2.323 observations of portfolio holdings coming from 54 funds.  

6.7 Benchmark 
In order to make inferences about how the funds have outperformed throughout the period of interest, a 

benchmark is needed. The benchmark enables us to calculate excess returns for each fund. Since this paper 

analyzes the Danish mortgage bond market, a natural benchmark contains some kind of embedded optionality 

in the bonds that constitute it. For the purpose of this paper, the ”Danske Bank Mortgage Index” (Bloomberg 

ticker <DMTGMTG>) is used. It is composed of the most liquid Danish bond series (with market value over 2 

bDKK).  It has monthly rebalancing and the prepayments are reinvested in the index. It has a mix of floaters, 

non-callable and callable bonds which is in line with the cover pool characteristics that we find in our sample. 

Furthermore, the index does not contain any index-linked bonds or covered bonds issued from corporations or 

semipublic issuers (Danske Bank, 2016).  

One disadvantage of the benchmark chosen is that it is not constrained to target a specific duration. This is due 

to the fact that only the largest and most liquid Danish bonds are contained in the benchmark index and 

therefore it is not weighted against a target duration.  

To choose a constant duration benchmark, it is essential to find the right duration of the fund that is to be 

benchmarked against. Since the funds in the sample have very different durations and the spread between the 

largest (13,58) and the smallest (0,27) is very wide, it would be difficult to find a benchmark that would fit each 

fund. As the goal of this thesis is to come up with conclusions regarding the overall Danish covered bond 

market, we believe that it is fair to assume that a benchmark that tracks the overall market is justifiable. One 

could argue that a single benchmark for each fund should be chosen, however this removes the comparability 

of the excess return analysis that this paper presents. Instead, we try to regress against explanatory variables 

such as duration and realized losses of the cover pool, in an attempt to remove the differences in the funds, so 

that only their choice of securities explains the remaining excess returns.  

6.8 Currency 
All information throughout the thesis is reported on a Danish krone (DKK) basis. This means that any investor 

looking to implement a trade with these Danish bond funds may have some extra currency risk that they have 

to hedge away. It also means that we might have some currency risk involved when some of the funds have 

holdings in bonds from other countries than Denmark. We use the exchange rate available on the given date 
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when the returns and costs of trading occur, to transform them to DKK denominated values. Therefore, we 

might get slightly different results than the actual fund that uses some kind of hedging of the risk, even though 

we do not find any derivatives in their holdings. Since the amount placed by the funds outside Denmark is 

relatively small in our sample (most of them in EUR), it seems fair to assume that this is not of any concern to 

the conclusions of the paper. 

7 Literature Review 
This section goes through relevant literature related to this thesis. The idea is to have a starting point from 

which the analysis can go further in depth with the given dataset. Most of the literature that exist on fixed 

income fund selection is on American funds, which underline the postulate that the Danish market has some 

merit for being a possible inefficient area, since a small amount of research has focused on this sub-part of the 

market. Because the Danish covered bond market distinguishes itself from foreign covered bond markets, as 

will be touched upon later on, it is not always correct to just implement the American findings on this market.  

However, the ideas and findings might still be relevant, which is why the following review is included. 

7.1 Efficient markets 
When conducting research on whether investors are able to outperform the financial markets, it is always 

relevant to consider the established theoretical work on efficient markets. 

Clarke et al (2001) provides an overview of the efficient markets hypothesis (EMH). In a broad sense, the EMH 

states that market participants incorporate all available information into the current asset prices. The result is 

that prices are martingales. This means that given the current information set, the expected asset price on the 

next day is equal to the current asset price. This implies that it is impossible to predict future prices and thus it 

is impossible to persistently beat the market in terms of returns. This article also describes three degrees of 

market efficiency: 

1. Weak form efficiency. Prices only reflect information contained in past prices. This means that nobody 

can beat the market by observing past trends in asset prices. 

2. Semi-strong form efficiency. Prices incorporate all publicly available information. Investors are unable 

to generate excess returns even when basing decisions on macroeconomic and other analysis, as prices 

already include this information. 
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3. Strong form efficiency. This is like the semi-strong form efficiency, with the inclusion of private 

information. In this level of efficiency, investors are not able to generate excess returns even if they 

take advantage of non-public information. 

The above classic forms of market efficiency imply that even at the lowest level of efficiency, it is difficult for 

active managers to beat the market. 

While the above implies that beating the market is not feasible, Pedersen (2016) proposes another 

interpretation of market efficiency. It is argued that for markets to be efficient there has to be managers who 

actively research and incorporate all available information into the prices. The implication is that if markets 

become efficient enough that active management becomes unprofitable for investors, money will flow away 

from the active managers, which in turn leads to less efficient markets as there will be fewer people to 

incorporate information into the price level. The result is that the markets must be efficiently inefficient, where 

active management is able to perform well enough to cover the cost of doing research and managing investor 

money. If this was not the case, the markets would become inefficient. Concluding on this, markets are 

efficient to such an extent that it is difficult but not impossible to beat the market through active management. 

The implication for investors selecting these managers is thus that they will have to approach the selection 

process carefully in order to reliably select the better asset managers. 

7.2 Value of Active Management 
Actively managed funds charge fees in order to compensate the fund for time invested researching securities 

as well as the cost associated with higher turnover. In order to justify this expense for the investor, the active 

fund has to produce a large enough return over the benchmark. Despite fixed income products being an 

important part of most portfolios, there has been a shortage in the amount of investable fixed income mutual 

funds as well as research on these (Ferson et al, 2006). There has however been a recent series of related 

literature on the topic of whether active management in fixed income produces high enough excess returns to 

be viable.  

Chen et al (2010) uses a sample of open-ended bond funds in an attempt to measure the timing ability of fixed 

income funds. Specifically, this paper looks at common factors such as term structure slope and curvature as 

well as credit spreads to see if funds are able to profit from developments in these factors. They find that fixed 

income funds are able to outperform their benchmark based on gross returns, although they conclude that this 

outperformance may be more related to the funds ability to select securities rather than their ability to 
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correctly time return factors. Despite this ability to outperform through selection, the paper concludes that on 

an after-cost basis, no funds yield an alpha that is significantly higher than zero. 

Wang and Huang (2014) also examine the timing ability of fixed income funds. They use a sample of 

government bond fund managers, where they base their analysis on the holdings of these funds in order to 

achieve greater granularity. They find that on average, bond fund managers are able to produce significant 

market timing ability on a one-month horizon, but no significance on other horizons. Furthermore, they expand 

their study by conditioning the timing ability on public information. Based on this, they conclude that 

government bond funds rely only on public information, indicating that they possess the ability to effectively 

interpret the newest public information related to different macroeconomic factors.  

Moneta (2015) uses a dataset of portfolio holdings on US bond mutual funds to examine if active management 

creates value for the investor. No support for timing ability is found except for a single subgroup of the dataset. 

The paper determines that active bond managers in the sample manage to generate a significantly positive 

alpha of 1% per year before fees, while after-fee alphas are zero. This result functions as evidence for 

investment ability among the fund managers, opening up for the idea that manager selection for active funds 

within fixed income markets may be beneficial to investors. Thus it may be possible to find after-fee alphas by 

looking at significant predictors of manager performance. 

8 The Danish Mortgage System 
The Danish mortgage system was established around the start of the 18th century, as a means of organizing 

long-term financing to the local communities.  Mortgage financing was managed through credit associations 

since 1850, when the first Danish Mortgage Act was signed. Since this first act was passed, the Danish 

mortgage system continued to develop up until 1970 and 1989 where laws were established to standardize 

mortgage financing as well as to loosen constraints on who can establish mortgage institutions (IMF, 2006).  

With a total value of 2.629 billion DKK as of the end of Q4 2016, the Danish mortgage market value is larger 

than the Danish GDP and approximately four times as large as the Danish government bond market 

(Realkreditrådet, 2012). Thus the Danish mortgage market is an important part of the Danish financial system. 

Per end-June 2016, there were 7 major issuers of mortgage bonds in Denmark. These issuers are 

Nykredit/Totalkredit, Realkredit Danmark, Nordea Kredit, BRFKredit, DLR, Danske Bank and LRF. Among these 

issuers almost 70% of the Danish covered bond market volume is concentrated with the two largest issuers, 
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Nykredit/Totalkredit and Realkredit Danmark (Falch, 2016). This concentration can be explained by the 

requirement that the institution organizing the mortgage bonds have to be a specialized lending institution. 

These specialized lenders are the only financial institutions that are allowed to create loans with real estate as 

collateral. As specialized lenders, they are not allowed to finance themselves with deposits or guarantees, so 

that their only means of financing the mortgage loans are through the issuance of mortgage bonds (IMF, 2006). 

This has the benefit of transferring the risk associated with mortgage loans onto the bond investors. By having 

the mortgage institutions function as counterparty for both the bond investors and the entities taking out 

mortgagers, the creditworthiness of all borrowers is improved. This is because the mortgage institutions were 

able to pool the incoming cash flow from the mortgage loans and use this to ensure the terms of the mortgage 

bonds. In addition to this, the mortgage lenders were able to accrue funds over time which further functions as 

collateral for the bond investors (UN, 2005). This is also known as a pass-through system, where finances 

simply pass through the mortgage institution. 

While Danish mortgage lenders are only able to finance themselves through the issuance of mortgage bonds, 

there is a further legal framework in which they operate. This framework is established in the Danish Mortgage 

Act and ensures stability in the Danish mortgage system. This framework specifies that the borrowers must 

issue a mortgage deed for the property that serves as collateral for the mortgage loan. This deed is registered 

in a public register (“Tingbogen”), which provides a transparent and clearly defined overview of property rights. 

This register also eases the process of compulsory property sale in case of loan default (IMF, 2006).  

8.1 The Balance Principle 
Building on the above legal framework, the Danish mortgage institutions follows a balance principle. This is in 

line with the pass-through function of mortgage institutions and the balance principle levies strict rules on the 

mortgage issuers when it comes to matching assets and liabilities. The balance concept means that for each 

new mortgage loan issued, a bond of equivalent size and cash flow structure must be created and sold as 

illustrated in figure 8.1.  
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This principle helps limit the mortgage institutions exposure to currency risk as well as to changes in the 

interest rate term structure. Later amendments to the Mortgage Act has given mortgage institutions some 

flexibility in managing their assets and liabilities, where up to 2% of the mortgage loans are allowed to have 

safe substitutes such as government bonds as collateral. Small interest rate and liquidity risk deviations are also 

allowed, although interest rate risk cannot account for more than 1% of the issuers capital base and liquidity 

deficits become less tolerable the closer the bonds are to maturity (IMF, 2006). 

With an amendment to the legal framework that allowed regular banks to issue mortgage bonds, two branches 

of the balance principle were established; the specific balance principle and the general balance principle. The 

specific balance principle is similar to the old balance principle described above. The general balance principle 

is also similar to the old balance principle, although with more added flexibility in that it allows full segregation 

of bonds and loans, compared to the specific balance principle. In practice, the Danish mortgage banks have 

chosen to follow a strict match between bonds and loans regardless of the chosen balance principle. This is 

wider known as the Danish mortgage model (Nykredit, 2009). 
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8.2 Capital Centres and Bond Types 
As mentioned earlier, the Danish mortgage institutions pool 

together mortgage loans which are then financed by issuing 

mortgage bonds. These mortgage pools are known as cover pools 

or capital centres. The cover pools have varying degrees of 

overcollateralization, geographical dispersion, loan maturity, loan 

size etc. Despite these varying factors, all the Danish capital 

centres are highly rated by Standard & Poor’s. As is seen in table 

8.2, many capital centres are rated AAA, while the issuer 

themselves are not necessarily as highly rated. For Danish Ship 

Finance Gen. Credit Centre however, it is only rated A. 

The capital centres are also distinguished by the type of bond 

that underlies it. These bond types arose to harmonize the Danish 

covered bonds with the stated requirements in the European Union (EU) Capital Requirement Directive.  

The SDO (“Særligt Dækkede Obligationer”) represents a covered bond that is issued with property as collateral, 

although the issuer does not need to be a mortgage institute. An SDRO (“Særligt Dækkede 

Realkreditobligationer”) is the same type of covered bond as an SDO, except only mortgage issuers can create 

bonds of this classification. As such, the SDO and SDRO classifications function to distinguish whether the issuer 

is a regular financing institute or a dedicated mortgage financing institute. The RO (“Traditionel 

Realkreditobligation”) abbreviation represents the traditional mortgage bonds that are issued before 

December 31, 2007. Traditional mortgage bonds issued after December 31, 2007 are assigned high risk-weights 

as they are not compliant with the common EU directives. Because of this, most mortgage issuers have chosen 

to either issue SDO or SDRO bonds as these are in compliance with EU regulations (Falch, 2016). 

The Danish Mortgage Act stipulates that any residential mortgage loan is not allowed to exceed a loan-to-value 

(LTV) ratio of 80% no matter the bond type, meaning a mortgage loan can only be as large as 80% of the 

collateral property value (UN, 2005). For the old RO bonds, agricultural loans are capped at 70% LTV and 

commercial real estate at 60% LTV (IMF, 2006). For SDRO/SDO bonds the LTV requirements are stricter at 60% 

and 60% respectively. For ships, the LTV cannot exceed 60% either (Ministry of economic and business affairs, 

2006). 
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8.3 Delinquency Rates and Defaults 
The above legal framework and principles have created a mortgage system that has proven very robust, even 

in the face of the financial crisis.  

 

Despite several periods with financial turmoil, not a single Danish mortgage bond has been defaulted on by a 

mortgage institution (Realkreditrådet, 2012). Delinquency rates have also dropped significantly over time, with 

the financial crisis of 2008 giving only a minor spike. For the sample period, delinquencies have been low, 

partially explained by increasing house prices (see  appendix 10). 

8.4 Comparing the Danish and American Mortgage Systems 
When contrasting the Danish mortgage system to the American, a few differences are apparent. An important 

difference is the personal liability related to mortgage loans in Denmark. Rather than tying the mortgage loan 

directly to the property being purchased, the individual taking out the loan will be held liable for any 

delinquency in Denmark. In the US, the mortgage is only tied to the respective house. This has the 

consequence that mortgage issuing banks are at risk of receiving so-called “jingle mail”, where house owners 

simply mail the bank the keys to the house and then bail on the debt. This is most prominent on non-recourse 

loans. The personal liability in the Danish system thus functions as a way to align the incentives of the 

borrowers to those of the lenders, as Danish borrowers will be more incentivized to avoid any delinquency on 

their mortgage payments. Another main difference between the Danish and the US mortgage systems is the 

balance principle that is being upheld in the Danish market. As described above, adhering to the balance 

principle helps create an automatic hedge for most risk exposures when accepting mortgage loans. The 

tradition of functioning as a pass-through entity thus means that the Danish mortgage system is well-

functioning and robust towards changes in the macroeconomic environment (Rasmussen et al, 2014).  
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The balance principle in the Danish mortgage bond system allows for a more transparent and arguably more 

efficient market. Transparency is further improved as each mortgage borrower is able to directly observe both 

the terms and the value of their loan in the bond market. This increases the overall transparency of the 

mortgage system and ensures that all sides of the trade have roughly the same amount of information, thus 

reducing adverse selection issues. 

Differences in the mortgage prepayment drivers also exist between the two markets. In the United States, 

prepayments are significantly affected by the labor market and demographic changes. This is due to the fact 

that in the US, when a property changes ownership, the mortgage loan has to be redeemed. This causes the 

rise and fall of industries as well as changes in, for example the average age of the labor force, to affect the 

amount of prepayments that occur. In contrast, when a property changes hands in Denmark, it is not required 

to redeem the loan. Rather, the mortgage is able to be passed onto the new property owner, thus avoiding 

prepayment of the corresponding bond. The Danish mortgage system is primarily driven by expectations and 

actual changes in the interest rate term structure, while it is estimated that non-interest rate driven factors 

drive 5-10% of the expected prepayments in the USA (Baun et al, 2000). 

9 Do Funds Outperform? 

It is crucial to understand that funds perform differently over time and that this relative performance is often 

perceived as being a result of skills rather than luck. This of course raises the question: which factors 

characterize outperformers. An efficient market hypothesis would state that a fund would only be able to 

“outperform” by taking on more risk, thereby being compensated correspondingly. What is interesting is that 

there seem to be some persistence in the way funds perform over time, indicating a breach of the efficient 

markets hypothesis. The first and obvious step to look at when trying to explain the outperformance of a fund 

is that of its differences to the competitors. This includes, for example, which products it invests in, the size of 

the fund and several other factors that distinguish it from its competitors.  

From the dataset constructed, only the most relevant variables will be discussed throughout this thesis. They 

are chosen on a set of criteria, such as whether they bear any interesting findings empirically, if they hold any 

theoretical or intuitive meaning and whether they in general help paint a picture of fund performance. 

On the topic of whether funds outperform their benchmark or not, indexing and graphing the performance of 

all funds in the sample yields the following figure: 
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Statistic Value

Kurtosis 6,3065

Skewness 0,5227

Mean 0,00%

Tracking Error 0,42%

Minimum -2,42%

Maximum 3,10%

JB-test (p-value) <0,0001

Average inter-fund correlation 0,141

Number of observations 2.323

 

What is immediately apparent is the dispersion around the benchmark (red line with black frame), which 

implies that some funds do outperform the benchmark during the sample period. Likewise, it is also possible to 

find funds that do not manage to beat the benchmark. This leads to the preliminary conclusion that optimal 

fund selection in Danish covered bond could be valuable to investigate. Thus in order to examine the sample to 

determine what characterizes an outperforming fund, it is worth 

clarifying what differentiates the funds on both sides of the 

benchmark performance, since it appears that a subset of the 

funds manage to stay above the benchmark throughout the 

entire period. 

To provide an overview of the sample, the table to the right 

provides summary statistics. The kurtosis throughout this thesis 

is reported on an  “Excess kurtosis” basis, meaning that the 

normal distribution will have a kurtosis of 0.  

The overall monthly excess returns of the funds are distributed around a mean that is a bit below 0%. A Jarque-

Bera (JB) test looks at whether the distribution can be proven significantly different from a normal distribution. 
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The test p-value tells us that this distribution is significantly different from a normal distribution, with the 

kurtosis defining the fatness of the tails. The skewness is positive, meaning that the tail is extending further to 

the right (the outperforming end) than to the left. The inter-fund correlation interestingly shows low 

covariation in the excess returns of the funds, indicating a potential diversification possibility. The immediate 

conclusion might be that there are many underperforming funds, while it is still possible to find persistently 

outperforming funds as evidenced from the positive skew and figure 9.1 above.  

10 Macroeconomic Indicators 
Before going into the fund and covered bonds characteristics, the macroeconomic setting is analyzed. Bond 

prices are driven by the interest rate environment which in turn is controlled by the state of the overall macro 

economy. Because of this, it is relevant to analyze the performance of Danish covered bond funds from the 

perspective of the economic environment in order to determine how these funds react to changes herein.  

10.1 OECD CLI Leading Indicator 
As a measure of the economic environment, the OECD CLI business cycle indicator is used. The OECD CLI 

indicator uses several short-term indicators characterized by economic relevance and timeliness in order to 

predict turning points in the economy (OECD, 2012).  

10.1.1 Theoretical Foundation 

Before analyzing the CLI indicator, it is useful to observe the classic Taylor Rule by John Taylor in 1993: 

𝑅𝑓 = 4% + 1,5 ∗ (𝑖 − 2%) + 0,5 ∗ 𝑔          (2) 

In the above equation, Rf represents the nominal risk-free interest rate, i is the current inflation and g is the 

output gap between GDP and the long-term average GDP. This model is useful as it helps formalize how central 

banks, who set interest rates, think about the economy. Variables that are important for the interest rate 

environment are thus factors that affect inflation and country GDP. In other words, the Taylor Rule is just a 

quantification of the positive relationship between the interest rate and the output gap (Pedersen, 2015). We 

do not include drivers of inflation in the macroeconomic variable section, as it is somewhat correlated with the 

output gap and a single and more intuitive focus is preferred. 

The OECD CLI Indicator incorporates gauges to measure the output gap. The series used is specific to the 

Danish business cycle and has been seasonally adjusted. Based on the level and slope of the OECD CLI business 

cycle indicator, four economic states are created: 
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The OECD CLI measure is useful in determining the expectations with regard to the economy in the future.  

10.1.2 Empirical Testing 

For the Danish market, the business cycle phases in the examined period can be plotted as in figure 10.1.  

 

 

By observing Taylor’s Rule, an increase in interest rates would be expected when economic growth rates 

expectancy is increasing. That is, when the GDP is expected to grow above its long term average. Based on the 

CLI measure, this is when a positive slope is observed. This means that the expected bond returns during 

expansion and recovery phases are low, as there is a tendency to go “risk-on” during increasing growth rates by 

moving into riskier products such as equities. Likewise, “risk-off” phases such as slowdowns and downturns 

would be expected to yield higher bond returns, as investors move into safer assets, in extreme cases also 

known as flight to quality (Beber et al, 2009). In order to investigate this hypothesis, the fund performance 

Business Cycles Positive Slope Negative Slope

CLI Indicator >100 Expansion Slowdown

CLI Indicator <100 Recovery Downturn
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sample is divided based on the above business cycles. The performance statistics are summarized in the 

following table: 

 

 

As is seen in the table above, the Danish covered bond funds do in fact exhibit positive returns during periods 

of declining economic performance. Positive returns are also observed during the recovery phase. Lastly, an 

expansionary economic environment yields negative returns as expected, since investors tend to prefer risk 

during these times. What is of more interest is the excess performance characteristics exhibited by the funds 

during these same economic phases. Outperformance of the benchmark is observed during a declining 

economic environment and underperformance occurs when the economy is improving. This would imply that 

the active management of Danish covered bond funds on a pre-fee basis adds value over a passive investment 

in the same market. The inverse conclusion is true during the improving economic phases, where fund 

managers on average underperform the passive benchmark. To support the above summary statistics, a 

regression of the excess returns on the different economic states is conducted. This yields the following results: 

 

 

The estimated parameters are generally in support of the expectations, with expansion phases yielding lower 

excess returns and slowdown phases yielding the highest excess returns. Both of these results are highly 

significant beyond a 99% confidence level. At the same time, while the result for the recovery phase has the 

expected sign, it misses the 95% confidence level by a marginal amount. 

The preliminary implication for asset managers looking for fund managers would thus be to not consider fund 

managers in the Danish covered bond market as a buy-and-forget investment. Rather, careful monitoring of 

Phase N Mean Monthly Total Returns Mean Monthly Excess Return

Recovery 651 0,2068% -0,0281%

Expansion 603 -0,0715% -0,0552%

Slowdown 580 0,4460% 0,0519%

Downturn 489 0,3976% 0,0324%

Excess Return Estimate Std Error t Ratio p-value

Intercept 0,0000 0,0001 0,03 0,9784

Indicator CLI[Recovery] -0,0003 0,0001 -1,96 0,0507

Indicator CLI[Expansion] -0,0006 0,0001 -3,73 0,0002

Indicator CLI[Slowdown] 0,0005 0,0002 3,43 0,0006
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economic developments in Denmark is required in order to optimally utilize the performance potential of these 

funds during changes in economic environment. 

The above result is based solely on the OECD CLI business cycle indicator for Denmark. Further analysis of how 

these funds react to changes in the macroeconomic environment is required before arriving at a well-rounded 

conclusion. For this reason, two variables that measure the ‘temperature’ of the Danish economy are included. 

The first variable is the slope of the Danish yield curve between 7 and 10 years to maturity. This slope is used as 

it is most relevant to the sample funds, since the average modified duration over time is found to be 

approximately 7,5. The second variable is the yield on a generic Danish 10-year government bond on a given 

date. This yield maturity is a common reference when it comes to evaluating the level of the yield curve. Given 

that the price of a bond is a function of the interest rate environment, regressing the fund returns on these 

variables should give insight into how they perform when their underlying products main return driver is 

fluctuating.  

10.2 Term Structure of the Danish Bond Market 
The term structure of government bonds represents the requirement by investors to be compensated for tying 

up their money for longer periods of time. Longer term bonds are often perceived as riskier than short term 

bonds, as the time span in which credit events can happen is longer. 

10.2.1 Theoretical Foundation 

In a normal economy, the yield curve will often be moderately upward sloping. Depending on the expectations 

of the future economic environment, the shape of the yield curve changes as investors take positions that they 

believe are optimal with regard to future interest and growth rates. For example, if the yield curve slope turns 

negative, the market expects a slowdown in the economy in which interest rates will fall as shown in formula 

(2). This causes investors to take longer term positions, while selling the short term bonds. The result is 

increasing short yields and falling longer term yields, ultimately inverting the term structure. Alternatively, if 

investors expect quick recovery from an economic recession, the yield curve will often be even steeper than 

during a normal economy. This happens as investors want to avoid long bonds with low interest rates as they 

are entering an economy with rising interest rates. The result is that investors demand higher yields for holding 

longer term bonds. The increased yield requirement happens disproportionately from the short term yields, 

thus resulting in a yield curve with high steepness (J.P. Morgan, 2016). The main takeaway is that the yield 

curve slope is a result of investors buying and selling different maturity bonds as a result of macroeconomic 

developments. Based on the above, a negative slope would be perceived as a “risk-off” environment in which 
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investors take positions in bonds. Inversely, a positive slope indicates a “risk-on” environment as interest and 

growth rates are expected to increase quickly. In this environment, investors move out of bond positions.  

It is also important to look at the overall level of the yield curve. Bond prices tend to fall when interest rates 

increase. This happens because bonds have pre-specified coupon rates. When interest rates increase, these 

coupon rates are discounted harder resulting in a lower present value of the future payments tied to the bond. 

On the other hand, when the interest rate decreases it yields a higher bond price (SEC, 2013). This is how non-

callable bonds react. 

When looking at callable bonds, as is relevant in the Danish covered bond context, there is an extra element to 

take into account. The specifics in how duration and convexity works for these bonds are saved until later in 

the section ‘The Danish Mortgage Bond’. However, to understand this section, it is important to mention that 

the callable bond react with lower prices after a sufficient large downward yield change. This is due to the fact 

that the mortgage borrower can buy back the bond at par value, resulting in prepayments that need to be 

invested at a lower rate than the previously promised coupon rate. This means that lower interest rates are 

only beneficial to a certain extent for callable bonds. It is expected that there are different sensitivities with 

regard to interest rate changes based on the yield level, as the sensitivity increases when yields are low.  

10.2.2 Empirical Testing 

During the sample period in this thesis, there has been a steady increase in the slope of the yield curve: 

 

 

As can be derived from the slope graph above, the fund sample performance is drawn during a period of 

continuously increasing expectations with regard to the future interest and growth rates. 
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The 10-year Danish government bond yield level has developed during the sample period as follows:  

 

 

Summarizing on the above, the sample period is characterized by a falling interest rate level as well as a 

steepening of the yield curve. An examination of how the sample funds perform in relation to this interest rate 

environment is due. Running a regression with the full sample total return on both steepness and interest rate 

level yields the following table: 

 

 

The negative sign on both the steepness and level coefficients confirm the described theoretical framework. 

This means that the total return of the sample funds is lower when the term structure steepness increases, as 

investors seek more risk and higher returns. Likewise, when the interest rate level increases, the funds 

experience a reduction in their total returns as a result of a lower present value of the underlying bond cash 

flow. These findings are in line with the above CLI leading indicator results, which found that Danish covered 

bond funds performed the best in scenarios dominated by increasing risk aversion. In a portfolio context, 

Danish covered bonds thus remain a valid counter-cyclical portfolio component. 

Further examination of the above coefficients can be done by dividing the sample equally into a high interest 

rate environment and a low interest rate environment group, based on the average yield on the Danish 10-year 

government bond. The results are: 
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Full Sample Estimate Std Error t Ratio p-value

Intercept 0,0767 0,0078 9,89 <0,0001

DK Govies 7-10 -0,0001 0,0000 -9,61 <0,0001

10Y Govt Yield -0,0069 0,0008 -9,15 <0,0001
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By dividing the sample as above, it is revealed that the portfolio level conclusions seemingly only hold for low 

interest rate environments. All the high interest rate environment coefficients are insignificant and do not help 

describe fund returns in this sample. The low interest rate environment can be further examined by 

considering the nature of the callable bonds when interest rates are low. As previously described, the 

prepayment probability of the mortgage bonds is most relevant when the bonds are trading above par value, 

as this is when the mortgage borrowers stand to gain from prepayment.  

The sample period is characterized by falling interest rates. At the same time, borrowers are holding mortgages 

with a coupon rate that does not follow the interest rate down. Looking at the negative estimate for the yield 

level, it simply says that as interest rates fall, we are expected to gain on the covered bonds. We therefore 

argue that the low interest rate environment sample in the regression above seemingly do not contain a 

significant amount of prepayments, since they would have made the estimate positive. However, we cannot 

say anything on how large the effect of the prepayments on the estimates has been. 

The steepness of the yield curve also has a significant impact on the overall Danish covered bond market, as 

higher steepness implies a higher curve roll-down. The result of this is that as time passes and the maturity of 

the mortgage bonds is reduced, so is the discount factor for the future payment stream. With a steep yield 

curve, mortgage bond investors are as such likely to experience a gradual increase in the price of the bond as 

this roll-down occurs. Performing the above low/high environment regression on excess returns yields the 

following results: 

 

 

This reveals how the sample funds manage the low interest rate environment in the sample period. Specifically, 

during the low interest rate environment, the sample funds have been rewarded when the interest rate level 

has decreased together with the steepening of the yield curve as was also found for the total returns. It is 

Low IR Environment Estimate Std Error t Ratio p-value High IR Environment Estimate Std Error t Ratio p-value

Intercept 0,1528 0,0098 15,66 <0,0001 Intercept 0,0076 0,0121 0,63 0,5294

DK Govies 7-10 -0,0003 0,0000 -15,42 <0,0001 DK Govies 7-10 -0,0000 0,0000 -0,32 0,7475

10Y Govt Yield -0,0154 0,0011 -14,18 <0,0001 10Y Govt Yield -0,0009 0,0012 -0,77 0,4401

Low IR Environment Estimate Std Error t Ratio p-value High IR Environment Estimate Std Error t Ratio p-value

Intercept 0,0567 0,0063 9,07 <0,0001 Intercept -0,0138 0,0066 -2,09 0,0369

DK Govies 7-10 -0,0001 0,0000 -9,13 <0,0001 DK Govies 7-10 0,0000 0,0000 2,12 0,0346

10Y Govt Yield -0,0049 0,0007 -7,04 <0,0001 10Y Govt Yield 0,0011 0,0006 1,70 0,0891
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worth noting that the slope effect is significant in the high interest sample as well. The strength of the 

significance is however smaller than in the low interest sample period. In order to say something meaningful 

about how Danish bond funds perform given the overall economic environment, a model with all the variables 

are included. 

10.3 Summing up 
The full model containing the significant macroeconomic variables has the following estimates: 

 

 

An immediate result is that most of the variables for the excess returns do not yield significant coefficients 

during the high interest rate period. Optimal fund selection based on the conclusions in this section would thus 

be relevant only for the low interest rate period, whereas other variables would need to be identified to 

explain the performance results in the high interest environment.  

It is interesting to mention that the high interest rates occur during the first half of the sample, as is seen in the 

development in the interest rate level. Thus, by saying that results only occur in the low interest rate sample is 

the same as saying that excess performance is significant only in the later part of the sample.  

In a low interest rate environment, it is found that Danish covered bond funds perform the best during periods 

when interest and growth rate expectations are low. In this framework, this corresponds to slowdown and 

downturn phases. It is further found that fund performance reacts negatively to an increase in the interest rate 

level coupled with a steepening of the term structure. It is worth noting that during a low interest rate 

environment, the recovery phase is insignificant for both total and excess returns. The explanation to this may 

be that the recovery phase is tied to the slope of the yield curve.  

Total Return (Low IR) Estimate Std Error t Ratio p-value Excess Return (Low IR) Estimate Std Error t Ratio p-value

Intercept 0,1636 0,0097 16,81 <0,0001 Intercept 0,0604 0,0069 8,79 <0,0001

Indicator CLI[Downturn] 0,0025 0,0004 6,90 <0,0001 Indicator CLI[Downturn] 0,0006 0,0003 2,39 0,0169

Indicator CLI[Expansion] -0,0043 0,0002 -17,45 <0,0001 Indicator CLI[Expansion] -0,0008 0,0002 -4,42 <0,0001

Indicator CLI[Recovery] 0,0002 0,0003 0,62 0,5322 Indicator CLI[Recovery] -0,0000 0,0002 -0,09 0,9285

DK Govies 7-10 -0,0003 0,0000 -16,51 <0,0001 DK Govies 7-10 -0,0001 0,0000 -8,86 <0,0001

10Y Govt Yield -0,0183 0,0012 -15,72 <0,0001 10Y Govt Yield -0,0056 0,0008 -6,87 <0,0001

Total Return (High IR) Estimate Std Error t Ratio p-value Excess Return (High IR) Estimate Std Error t Ratio p-value

Intercept 0,0694 0,0135 5,13 <0,0001 Intercept -0,0030 0,0078 -0,39 0,6977

Indicator CLI[Downturn] 0,0038 0,0005 8,26 <0,0001 Indicator CLI[Downturn] 0,0007 0,0003 2,51 0,0121

Indicator CLI[Expansion] 0,0002 0,0005 0,38 0,705 Indicator CLI[Expansion] -0,0001 0,0003 -0,19 0,8519

Indicator CLI[Recovery] -0,0045 0,0004 -10,56 <0,0001 Indicator CLI[Recovery] -0,0011 0,0002 -4,51 <0,0001

DK Govies 7-10 -0,0001 0,0000 -4,72 <0,0001 DK Govies 7-10 0,0000 0,0000 0,48 0,6325

10Y Govt Yield -0,0079 0,0014 -5,59 <0,0001 10Y Govt Yield -0,0001 0,0008 -0,09 0,9292
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The overall conclusion is thus that Danish covered bond funds yield excess returns in a contracting economy 

when interest rates are lower than their five-year average and where expectations of future interest rates and 

economic growth prospects are low.  

The variables introduced in this section will be used later as control variables to remove the macroeconomic 

influence on bond fund returns in order to focus on what drives outperformance.  

11 Fund Characteristics 
A key issue to touch upon when analyzing the returns of fixed income funds is that of their specific 

characteristics. The goal of this section is to look at which fund characteristics are helpful in sorting funds on, 

when trying to find the best fund to invest in. The section goes through three fund specific variables, namely 

the fund size, manager tenure and expenses. 

The dataset that this thesis is based on contains further fund specific variables, however it is believed that a 

more thorough treatment of a few variables adds more value to the overall picture than including several 

variables, potentially leading to data mining issues and shallow conclusions about their origin, justifiability and 

meaning. 

Before going further into the analysis of the fund characteristics, it is worth mentioning that the observed 

variables in this section are observed on January 31, 2017 and therefore only represent the status quo at the 

end of the sample. Due to lack of data, these variables are used in the analysis as a starting point for what 

indicate fund returns. Thus the analysis is conducted in the cross-section of the sample.  However, this is a 

cause for concern and the results are looked at with great care. It could for example mean that there is a 

double causality issue of whether the fund specific variables are explaining the returns or if the returns are the 

ones making funds take on certain characteristics. This is an issue that will surface throughout this section. 

This section focuses on explaining fund excess returns. Since we only have one observation of each fund 

characteristic, a single measure of the excess returns is required. This is the annualized average excess return, 

which is calculated as: 

𝐹𝑢𝑛𝑑 𝐴𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐸𝑥𝑐𝑒𝑠𝑠 𝑅𝑒𝑡𝑢𝑟𝑛 =  (1 +
∑ 𝑀𝑜𝑛𝑡ℎ𝑙𝑦 𝑟𝑒𝑡𝑢𝑟𝑛𝑖−𝑀𝑜𝑛𝑡ℎ𝑙𝑦 𝑏𝑒𝑛𝑐ℎ𝑚𝑎𝑟𝑘 𝑟𝑒𝑡𝑢𝑟𝑛𝑖

𝑛
𝑖=1

𝑛
)

12

− 1         (1) 
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Where i indicates the month (for the given fund) and n is the total number of monthly returns in the sample of 

that fund. This way of compounding average excess returns may not properly reflect long term performance, 

but it functions as an indicator of the overall average performance in a fund on a long term investment.  

11.1 Fund Size (AuM)  
The first fund specific variable that this thesis looks at is the fund size. Several research papers go into its 

explanatory power of fund returns. It is worth noting that most of them take a general or equity-specific view. 

Therefore, most of the research used is not directly applicable, but instead contains ideas as to how the 

variables are expected to behave in the fixed income market. This thesis then explores the connection to fixed 

income specific empirical data. 

11.1.1 Theoretical Foundation 

According to Chen et al (2004), there is a negative relationship between fund size (AuM) and their 

performance. Their findings suggest that liquidity is the main explanation for why this relationship exists. 

Together with an increase in administrative costs, they argue that funds that invest in smaller stocks have a 

tendency to underperform when fund size increases. The idea is that funds that have less AuM can easily invest 

in small stocks and gain the advantage of doing so. However, as funds increase in size, they have to change 

investment strategy, as they cannot continue to increase their exposure in each stock that they own. Their data 

indicates that as funds grow larger, the amount of stock they are invested in increases at a marginally 

decreasing rate. This means that they do not exploit their diversification opportunities optimally and therefore 

experience declining economies of scale. 

A point that Becker and Vaughan (2001) make is that many fund managers are compensated on how much 

AuM the fund has. This is a direct incentive to increase fund size despite worse future performance, further 

explaining the decreasing benefit to increasing the scale of the funds). 
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There is also a more intuition-based link between fund returns and 

fund AuM. Ganshaw discusses that only few institutional investors 

want to be represented in more than 10% of a fund’s AuM. This is 

due to diversification, legal and compliance reasons as well as fraud 

reduction. This is why there has been a large concentration in the 

funds that experiences increasing AuM. This is at least the case in 

the American equity funds, where 80% of AuM was controlled by 

only 390 funds in 2008 (Ganshaw, 2010: page 4-6). One could 

assume that a similar development has happened in the Danish 

covered bond fund market. We find that in the dataset, only 8 funds make up more than 50% of the total AuM 

of the funds in the market. This is also evident from figure 11.1 to the right.  

Ganshaw further explains that when the funds are of a certain size, they start to have almost guaranteed 

inflows of cash, meaning that the positions that the funds take increase in risk, in order to increase personal 

bonuses. This would result in a much larger spread (tracking error) of large fund returns around the benchmark 

compared to smaller ones (Ganshaw, 2010). 

If one looks at it from a “backward” point of view, there may be more explanatory power given to the fund 

AuM from previous returns than the other way around. This has to do with the relationship that whenever a 

fund outperforms consequently through time, it is also subject to more investor interest and thereby fund 

inflows. If this is the case, we would expect to find a large positive correlation between fund size and the 

returns that it has generated in the time period leading up to.  

Summing up, the current literature and expectancies of the effect of fund size on its returns are mostly towards 

a negative relation. Findings in the equity market funds suggest that there is a negative correlation between 

the two, with Ganshaw arguing for higher tracking error (TE) as size increases. However, we might find some 

contradictive results as the fund size could be a product of previous outperformance. 

11.1.2 Empirical Testing 

If we plot the annualized average monthly excess return of the funds in the Danish covered bond market 

against fund size, we get the following figure: 
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What is interesting in this sample is the seemingly positive relationship between the fund size and its returns. 

There also appears to be a change in variability of the returns as the funds grow larger. The smaller funds seem 

to be much more volatile in their benchmark tracking, while the large funds are located within a relatively 

narrow band. These two observations will be treated separately, with return against size as the first step. 

11.1.2.1 Returns vs Fund Size 

Even though we find that some smaller funds tend to outperform over the period, it is almost equally spread 

around -0,5% indicating an expected underperformance of the benchmark. In contrast, the larger funds have a 

positive mean, indicating outperformance. In the graph, a linear trend line is overlaid in order to look at the 

stated relationship. The trend line indicates that there is a positive relationship between the average excess 

return and fund size. Even though the relationship is positive, the R2 indicates that the correlation is far from 

linearly perfect (√0,0624 =   0,2498, since the regression is univariate). 

It is still interesting, as there seem to be a relationship between the two variables which can be explored 

further. The data suggests that the larger the fund gets, the more it is expected to return in excess of its 

benchmark. This is in sharp contrast to what is found in the literature just reviewed. It indicates that there 

seem to be some economies of scale that the larger funds experience. This could possibly be linked to the 

complexity of the Danish covered bond market, where larger funds are better positioned to share expertise 

and dig deeper into each bond’s underlying characteristics. Drawing on the conclusions of Chen et al, it could 

be the case that it is easier to just increase the exposure in the given bonds that the fund already holds as they 

y = 1E-12x - 0.0048 
R² = 0.0624 
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grow larger. They argue that smaller stocks start to experience lack of supply when the fund increases its 

existing exposures, as the small stock universe is too small to cope with the increasing investments. This could 

explain why there is an opposite effect in fixed income markets, as it is often possible to continuously expand 

in most bond series, as they are sufficiently large to take on the increased demand. This notion combines well 

with the research on fund economy of scale and other fixed costs that do not increase proportionally with fund 

size, leading to overall savings and higher performance after fees. One should note that the above relationship 

is based on returns before fees and therefore does not capture this last part of the explanation. Whether it has 

something to do with the fees charged will be investigated further, when the fund expenses are explored later 

on. 

Another explanation that comes to mind is the importance of reducing commission fees and loan costs in order 

to reduce the fund fees, as compared to equity funds. The yield spread between a covered and a government 

bond is often few basis points wide, while the equity markets offer higher expected returns. If one combines 

this with the fact that returns in the fixed income sector are often gained through leverage and large trade 

sizes, it paints a picture of economies of scale that could help explain the observed effect. In the research 

mentioned above, they take the case of stock investments where commissions matter due to higher asset 

turnover. Thus there is expected to be differences to the findings for fixed income funds.  

In regards to the research of Ganshaw, which says that larger funds are generally taking on more risks to 

increase personal bonuses, we ask if this is the case in the Danish covered bond market as well. This is checked 

by looking at the duration against fund size in order to see if larger funds have outperformed due to higher 

risks taken. The duration is something that will be analyzed on an individual basis later on in the thesis.  
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What can be seen from the figure is that the larger funds generally hold higher duration bonds and that the 

variability in the holdings is smaller than for the small funds. This could help explain both the difference in the 

level and variability in the excess returns when comparing on fund size.  

A last point to be made is that according to this preliminary relationship, there is no indication of agency 

problems. Becker and Vaughan explain that agency problems exist in the form of increasing fund size based on 

manager compensation, even though it might hurt fund returns. The data indicates the opposite scenario, or at 

least that this does not seem to have an effect in the overall picture of Danish covered bond funds. A reason 

could be the lower indicated corruption of Denmark compared to most of the other countries, including 

America (see for example Denmark’s ranking as 1 out of 176 countries by the Corruption Perception Index 

(Transparency International, 2017)). However, this is another research area in itself and since this is not part of 

this papers primary research question, it will not be touched upon further.  

All in all, there seem to be contradictions between the theories explored and the empirical results. 

11.1.2.2 Variability in Excess Returns Based on Fund Size 

Going back to figure 11.2 and looking at the variability in the returns based on fund sizes, there seem to be a 

difference here as well. This indicates that the small funds have more benchmark tracking risk, as compared 

with the larger ones. Ganshaw argued that the largest funds have had higher TE in the sample that he had 

looked at. This is not what we see here.  

If we look at some distributional metrics of the largest and smallest funds measured on size, we see that there 

is an actual difference in the way that they create returns. In the table below, the average metrics are reported 

for the funds in each category. It is assumed that one invests in an equal weighted portfolio of the constituents 

of the group when possible. The intercorrelation measures the correlation between the specific group and the 

one below. For the last one, it measures the correlation with the first group. 
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The mean excess return for the large funds is quite different from the other groups. They seem to outperform 

on average, whereas the smaller- and mid-sized funds tend to underperform. The t-test of whether the means 

are different from each other in the large and small fund groups gives a test statistic of 5,083 (p-value <0,0001) 

indicating a significant difference. The test for large funds against mid-sized funds is also significant at a 95% 

confidence level. It is therefore interesting to note that the expected excess returns are generally higher for the 

large funds.  

The test as to whether the excess returns are significantly different from 0% is only valid for the mid-sized 

funds and it shows underperformance. The large funds have a p-value of 0,094 indicating significance only at 

the 90% confidence level. This means that we find significant differences between the fund returns based on 

size, but we do not find that outperformance of the large funds can be proven significant.  

The TE in the returns is generally lower for the mid-sized funds. For the small and large funds, the TE is almost 

equal, indicating that they generally have the same benchmark tracking abilities. This is not what we had 

expected to see according to the previous section. 

There is a lower excess kurtosis overall for the largest funds compared to the smaller ones. This indicates that 

there are less heavy tails for the large funds. The funds in the middle have much smaller excess kurtosis 

compared to the other groups, meaning they are distributed with much slimmer tails.  

Looking at the skewness, the overall picture is that smaller funds have more positive skew compared to the 

large funds. The positive skewness indicates where mass of the tails is located for the distribution of returns. 

When it is positive, it means that the right tail of the excess return distribution is longer than the left tail.  

The intercorrelation between the large and small funds indicate that the returns are quite similar in benchmark 

tracking risk and market exposure, however, the large funds generally have had greater outperformance. For 

the correlation between the mid-sized funds and the other groups, there is evidence of less covariance in the 

excess returns. 

Looking at the JB test across the groups above, only the small fund actually rejects the hypothesis of being 

normally distributed. The largest fund has a distribution that does not significantly differ from normal, although 

the distributional moments indicate a tendency towards a non-normal distribution. 
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For the larger funds, the combination between the smaller excess kurtosis and less positive skewness paints a 

picture of a more concentrated return distribution, compared to the small funds. This looks much more 

normally distributed, with less regular outperformances and more extreme ones. The positive skewness 

indicates that the extreme returns are mostly stretched out further in the positive end, however the small 

skewness value slurs this picture. It is centered around a positive mean value, and has almost equally sized 

benchmark tracking risk compared to the small funds.  

Looking at the smaller funds, they seem to have heavier tails and a tendency to large outperformances. This is 

centered around a mean of close to zero. It appears that the smaller funds have been prone to a few larger 

outperformers, which causes the positive skewness. However, it appears that the majority of the small funds 

underperform, making the overall picture centered around 0% excess return. As we have not yet included fees 

in the returns, it indicates that the smaller funds can perform equal to the benchmark, although it cannot 

justify any fees for doing so.  

Lastly, if one looks at the mid-sized funds, they seem much less heavy tailed and with a tighter performance 

band. The JB test indicates that it is normally distributed around its mean. They have the highest expected 

underperformance, despite having an amount of funds with mediocre positive excess returns.  

If an investment in the large fund portfolio had been made, it would in retrospect have been a good 

investment over the analyzed period. The smaller funds have performed like the benchmark and with the same 

benchmark tracking risk as the large funds, but with negative returns given any fees at all. Overall, the mid-

sized category seems to be the weakest portfolio to invest in, since the expected excess return is negative and 

does not have indicators of great outperformance in certain market conditions. It could nevertheless be an 

interesting case to include as a short component in order to gain some diversification from the large funds. This 

will be looked at further when concluding on the overall findings of the fund characteristics. 

The findings in this section do not connect with the research of Ganshaw, which indicated that larger funds 

tend to take on larger and riskier bets, leading to higher TE. We see that the large funds have generally had less 

variability in their excess returns. Furthermore, they have had positive expected outperformance significantly 

different from both the small funds and zero. Looking back at the fund size against the duration, we find that 

the larger funds overall have had riskier exposures, but since the interest rates have generally been falling 

throughout the sample period, it has made the gains look less volatile, with outperformance happening more 

often than not.  
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It is always advised to be attentive when using such small samples to make inferences. Nevertheless, it is still 

interesting to note that they exist.  

11.1.2.3 What Explains What? 

The indicated correlation that we find for the fund size and the excess returns could also be caused by reverse 

causality. Said differently, the funds could have increased in size, simply because it has outperformed over the 

time period instead. However, as the data available on the Danish market for funds is limited to the end of the 

time period, this is not possible to test directly.  

Before getting too deep into explaining why there is a relationship between size and returns, it is important to 

note that this is just looking at a single variable and that the size of the fund could spuriously be capturing 

other effects relating to the returns, without the actual causality being present. This is also evident in the p-

value of 0,0685 calculated from the trend line in figure 11.2 above, which illustrates that we do not find it 

statistically significant on a 95% level. So for now, it is simply interesting that there is some possible 

explanatory power of the fund size. However, we will return to this subject again later on in the thesis, when 

we examine if the explanations hold when other fund characteristics are included in the model. 

11.2 Manager Tenure 
The next fund characteristic that is examined is the management tenure. This variable appears in several 

research papers and therefore pose an interesting characteristic to include. 

11.2.1 Theoretical Foundation 

Amihud and Goyenko (2003) propose a prediction model of fund performance based on the correlation with 

benchmark variables. They include check variables such as management tenure, fund size and expenses. They 

find that greater selectivity within a fund also means greater outperformance. As the fund size increase, the 

performance of the fund worsens. On the other hand, management tenure and expenses increases 

outperformance of the benchmark. Again, the fund size findings seem contradictive to what has been found so 

far in this thesis.  

Looking at management tenure in a more intuitive sense, it seems logical that managers who have had more 

experience within a fund also perform better over time. It takes time to build experience within a field, due to 

the learning curve. Therefore, we would also expect to find a positive relationship between management 

tenure and excess returns for the funds.  
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11.2.2 Empirical Testing 

When we look at the relationship between management tenure and fund excess returns in the Danish covered 

bond funds, we get figure 11.4. The reason why the logarithm to management tenure is used is because a 

logarithmic trend line yields a better fit of the data than a linear approximation on the raw data. Intuitively, it 

means that we move the scale of the management tenure in years, so that large outliers are pushed closer to 

the less variable smaller tenure values.  

 

As can be seen from the plot above, there seem to be a positive relationship. This means that as a manager 

increases her tenure in the fund, the fund seems to produce better returns relative to the benchmark. This 

holds on an average basis.  

11.2.2.1 Manager Tenure and Returns 

Looking at the research of Amihud and Goyenko, they propose a model that says that fund returns are 

positively connected with manager tenure. This is also the findings of Chen et al. It is much in line with what we 

find in the data, as can be seen in the figure above. Because the graph uses logarithmic manager tenure, it also 

says that the effect is decreasing in management tenure years. Said differently, there seem to be large 

increases in average returns based on the first couple of years of management tenure. As the manager is 

employed at the fund for a longer time period, it seems as if there is still an increase in average returns, 

however the effect is developing at a marginally decreasing rate.  

The relationship seems significant based on the p-value (0,0057) of the test for the slope of the trend line. Also, 

the R2 is quite high, considering that this is a single variable regression that does not take any other explanatory 
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variables about the macroeconomic environment or investment styles into account. This indicates that the 

relationship is more than just a spurious result. To go more into the underlying return distributions of funds 

that are in the long management tenure category as compared to short tenure, we make the following 

distributional estimates. Again each group is made on an assumption of equal-weighted investments in the 

fund constituents of that category. 

 

Looking at the funds with long manager tenure, they seem to have slimmer distributed returns around a 

positive mean. However, the negative skewness indicates that the tail is dragging out into the lower 

(underperforming) end of the distribution. The TE is less than that of the funds with low management tenure. 

The Jarque-Bera test indicates that they are close to normally distributed. 

The funds with medium management tenure have more kurtosis and positive skewness. This indicates a 

distribution that has fatter tails that stretch out into the outperforming end. The JB test also confirms this 

picture. Still, the distribution is located around a negative mean with much less overall tracking error in the 

returns compared to the other categories.  

Lastly, the funds with short manager tenure have higher kurtosis indicating larger over- and underperformers 

with a tail spilling out into the positive end. This is also supported by the JB test findings. The mean is very close 

to 0% and the TE confirms the picture of larger variability in the distribution compared to the other groups.  

The intercorrelation between the returns in these groups is generally high, indicating that there is less chance 

of finding diversification effects here. 

Neither of the means show significant differences to zero in simple t-tests. This means that the groups do not 

indicate outperformance based on management tenure alone. Together with the similarities in the 

distributional measures, we do not find any specific evidence of differences in manager performance or 

investment style, when they are compared based on this variable only. Some smaller differences are observed 

in the distributional measures indicating a relationship between manager tenure and fund benchmark tracking, 

but they do not seem significant. This could have something to do with the relationship between fund manager 
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tenure and fund size that we saw earlier. It also had seemingly smaller variability in the excess returns. This is 

explored further in an upcoming section. 

Remembering that the large funds were generally more exposed to duration, it makes sense to check whether 

this is also the case for the manager tenure.  

 

The figure shows that manager tenure is positively related to higher duration exposure. This indicates that 

funds with larger manager tenure are better at positioning themselves in the falling interest rate environment. 

Whether they are able to reverse the trade in other environments can however not be concluded from the 

sample data.  

11.2.2.2 Correlation or Causality? 

Again, it is interesting to ask the question as to whether the manager has greater outperformance due to the 

longer tenure or if the manager has longer tenure due to consistent outperformance. The data that we have 

available does not help answer this question, however it is interesting to mention the fact that this causality 

relation could be a possibility.  

One of the problems with management tenure as a variable is that it does not indicate the overall experience 

in years for that manager. Instead, it only measures the time that the manager has been employed at the 

current fund. This kind of data is not obtainable for this thesis and we limit the conclusions to the management 

tenure alone.   
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11.2.3 Manager Tenure and Fund Size 

One could ask the question as to whether there is any correlation between fund size and the tenure of the 

manager. It is interesting to look at whether this is evident in the returns and their distribution. Figure 11.6 

below plots the two variables against each other.  

 

 

It appears that there is a positive relationship between the examined variables, where an increase in fund size 

also seems to be associated with an increase in manager tenure. The fitted line is significant on a 95% 

confidence level, with a p-value of 0,028. This is also obvious from the figure, where the largest funds have 

almost exclusively high manager tenure as compared to the average (2,02 in log-years vs 9,38 in years 

respectively). It is therefore interesting to consider whether the two variables capture the same information or 

if they together explain an even greater part of the fund returns. To investigate this in a visual way, figure 11.7 

has plotted the same information as figure 11.2, but the scale of each data point is determined by the manager 

tenure. 
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It is clear that amongst the largest funds measured on size, the ones with the highest manager tenure are 

distributed in the high performing end. Those with lower management tenure generally have lower excess 

returns. Looking at the smallest funds, shorter or longer manager tenure does not seem to play as important a 

role in finding the overperforming funds.  

With the new information that large-sized funds with long manager tenure offers more explanatory power in 

capturing overperforming funds, as compared to the individual analysis of the variables themselves, it is 

interesting to look at their distributional measures and compare them to the findings of the stand-alone 

variable examinations. In order to do this, a distributional table is added in the same format as the individual 

ones. The double sorting is made from first sorting the funds on size. From the top/bottom 15 funds, 8 are 

selected based on manager tenure. The result is the following table: 

 

Starting with the largest funds with the longest manager tenure, the mean excess return has increased from 

the single-sorted samples. The mean is proven different from 0% on a 95% confidence level, with a p-value of 

0,031. This means that the excess returns can now be statistically proven different from zero with this grouping 
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as compared to the earlier analyses. The kurtosis decreased relative to the stand-alone fund size measure, 

while it has increased from the management tenure variable analysis. Skewness follows the management 

tenure distribution where the negative, however small, number indicates that the tail of this distribution is in 

the underperforming end. The TE has increased from both of the individual groupings, though this could just be 

the result of the smaller number of funds in the sample, removing some of the diversification effects. The JB 

test shows that this distribution cannot be proven different from a normal one. Since the mean is significantly 

distinguished from zero, it indicates that including both manager tenure and fund size increases the 

explanatory power that can be achieved when trying to identify outperforming funds. 

If this is compared with the smallest funds with the shortest manager tenure, there are no significantly 

different results from analyzing the two variables on an individual basis. The shortest-tenured and smallest 

funds do not yield excess returns different from zero. The returns are more widespread when considering the 

kurtosis, and centered around the expected return of 0%. However, none of the measures are markedly 

different from the earlier results. The JB test further underlines the fat tails of the distribution, deeming it 

different from a normal distribution. 

Comparing these results with Amihud and Goyenko, we find that the manager tenure adds explanatory power 

when considering fund outperformance. This positive relationship is in line with their findings. The difference 

lies in the fund size variable. We find that there appears to be a positive relationship, whereas most prior 

research finds a negative relation between fund size and performance. This analysis takes it a step further by 

going into the relationship between excess returns and the two characteristics in unison. The result is that 

together they explain more than they do on their own. This is interesting, as the prior research only focus on 

each of the variables in a vacuum, ruling out the potential interaction between the two. This thesis will look 

even further into this matter as fund expenses are included in the analysis as well. 

The conclusion that can be made so far is that when looking at funds in the Danish covered bond market, it is a 

good idea to include information regarding their management tenure as well as the fund size. Having funds 

that score high on both these variables, indicate higher expected outperformance and somewhat normally 

distributed returns around this positive mean.  

11.3 Expense ratio 
The last fund specific variable included in this thesis is that of fund expenses. It is worth mentioning that the 

fund expenses are a very difficult measure to work with, since it is often agreed upon on a case by case basis. 
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This thesis must however treat the expense numbers as a guideline for the cost associated with investing in the 

fund. 

11.3.1 Theoretical foundation 

As mentioned earlier, Amihud and Goyenko find an increase in fund performance when their expenses 

increased. They thereby argue that there is a somewhat justifiable relationship between the expenses that a 

fund demands and the outperformance that it can deliver. 

Hooks (1996) look at open-end mutual fund returns compared to both their expenses and load fees. He finds 

that funds with low expenses outperform the funds with high expenses. This is on a before-expenses basis. 

Furthermore, he finds that there is no justification for the increase in load fees as the funds do not outperform 

based on these. Funds that have low expenses but high load fees also outperform those with high expenses 

and high loads. He therefore argues that investing in mutual funds should be based on expenses and avoiding 

high load funds. 

When a fund demand higher expenses for their services, one would expect to receive higher outperformance. 

Due to pure market forces, the funds that outperform can justify having higher expenses, while 

underperformers need to adjust their expenses downwards accordingly. The challenge is that outperformance 

is not that easily detected within a short time period and the resulting market adjustments might happen more 

slowly.  

A further notion when talking about expenses and outperformance is that of increased risk-taking. Whenever a 

fund has higher expenses, it must outperform the benchmark accordingly in order to avoid redemptions. This 

can only be achieved through additional risk-taking according to an efficient market hypothesis, leading to 

higher TE. This is also something that this analysis will try to address.  

11.3.2 Empirical testing 

To go into the analysis of fund expenses and their effect on excess returns, the following figure is produced:  
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The figure shows noteworthy variability in the fund excess returns according to expenses. The linear (red) trend 

line shows a positive relationship, indicating that higher expenses warrant higher excess returns. Furthermore, 

the curved blue line indicates that the gains from increases in the expenses have different effects, depending 

on the level of the expenses. Whether these differences are the result of excessive risk taking or actual 

performance predictors require more thorough analysis.  

11.3.2.1 Expenses and Fund Returns 

Although there seem to be a relationship between the expenses and the excess returns produced, the 

estimated slope of the straight line does not prove significant (p-value of 0,295). Looking at the data points in 

the figure does not suggest any particular linear pattern either. Most of the funds have expenses in the lower 

end, with only a handful having higher expense ratios. 

Putting these findings up against Amihud and Goyenko, the data for the Danish covered bond funds seem to 

agree with their findings. They argue that funds that demand higher expenses are also right to do so. However, 

they do not comment on the size of the coefficient and thereby do not go further into the question on whether 

the returns generated by the funds are sufficient to cover the expenses. Having a positive relationship between 

expenses and excess returns is not necessarily a good thing if the slope of the line is smaller than 1, which 

would mean that any increase in the expense ratio reduces the after-fee excess return to the investor. In the 

y = 107798x3 - 2695,4x2 + 19,992x - 0,0444 
R² = 0,1139 

y = 0.769x - 0.006 
R² = 0.021 

-5.00%

-4.00%

-3.00%

-2.00%

-1.00%

0.00%

1.00%

2.00%

3.00%

0.00% 0.20% 0.40% 0.60% 0.80% 1.00% 1.20% 1.40% 1.60%

Ex
ce

ss
 A

n
n

u
al

iz
ed

 A
ve

ra
ge

 R
et

u
rn

 (
b

ef
o

re
 f

ee
s)

 

Annual Reported Net Expense Ratio 



Page 54 of 166 
 

figure above, we find that the slope is only 0,769 and therefore the increase in expenses is not justified by the 

excess performance obtained. If one believes that the straight line above is the correct indicator of the 

relationship, then the best choice of fund would be the ones with low expenses. This is in disagreement with 

the findings of Amihud and Goyenko. 

Hooks found that the low-expensed funds in his sample outperformed the ones demanding higher fees. If this 

were to be true in this sample, then the slope would have had to be negative. It means that initially, there is 

disagreement between the data that he analyses and this data sample. However, if one follows the logic from 

before, indicating that the slope is less than 1, then this sample says that Hooks argument may still be valid. 

This sample does not however have any specification of the fund expenses allocated on fund loads and fees as 

in Hooks’ sample. There is therefore no way to test whether there are any differences in the type of expenses 

demanded by the fund and the outcome. A study that could gain access to this kind of data might be able to 

find that some types of fund expenses are justifiable, but this is something that this thesis will not go further 

into. 

11.3.2.2 Level Dependence of Expenses 

Looking back at figure 11.8 from before, there is a blue line drawn in the figure. What is interesting is that it 

suggests that there is a differing gain from increased expenses depending on the level. During some intervals, 

the slope is greater than 1. This indicates that the increase in fund expenses is justifiable due to a greater 

increase in expected excess returns. Thus if an investor were to only invest in the cheapest funds, it would run 

the risk of missing out on the marginal benefit of increasing the fee threshold to a certain level.  

Past an expense ratio of 0,4% there seem to be a decrease in the value added from higher expenses and the 

funds do not justify the higher expenses after this point. From an annual expense ratio of around 0,6% the 

relationship turns negative. This means that higher expensed funds do not only charge more fees, they even 

underperform the cheaper funds. Investing in these funds appears to be a poor choice. Finally, the trend line 

rises again at some point. This however seems like an effect driven by the most expensive fund. The most 

expensive fund does not justify the higher expenses compared to the ones in the 0,4% to 0,6% area. 

What makes this trend line even more interesting is the fact that all three parameters are significant. This adds 

to the argument of varying gains from increasing expenses, dependent on the level. Whether this is just a 

spurious result or if there is a more robust distributional difference depending on fund expenses is something 

that the next section looks into.  
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11.3.2.3 Expenses and the Risk Taken 

This section investigates the distribution of returns depending on the expenses charged. The classic argument 

is that higher returns are only achievable through more risk taking. This is what this section tries to address. 

Efficient markets dictate that an increase in systemic risk taken is the only way to achieve higher performance, 

as is seen in the capital asset pricing model (CAPM). As has been seen so far, some funds outperform, which 

could indicate an inefficient or even efficiently inefficient market as proposed by Pedersen (2015). 

Nevertheless, this thesis does not go further into the discussion as to whether the market is efficient or not in 

regard to this variable. Rather, the focus is solely on the value of the variable itself in describing 

outperformance. 

This is investigated by looking at the distributional measures for different groups of expense ratios. Since there 

are only very few observations in the high end, the upper groups are bulked to increase the statistical 

significance. 

 

What can be seen from the above table is that the mean excess return appears to be highest for the group with 

the medium expense ratios. However, they also appear to be carrying the most benchmark tracking risk.  

Looking at the lowest expense ratio funds, they appear to have a negative mean excess return, indicating that 

we would expect these funds to underperform. It seems as if the returns are relatively normal distributed 

according to the excess kurtosis and JB test that fails to reject the hypothesis of normally distributed returns. 

Nevertheless, the skewness indicates that there is a tendency to experience large outliers in the 

underperforming end, which should be considered a negative attribute. The mean is negative and proves 

significantly different from zero with a p-value of 0,00006. This is on a before-fees basis, meaning that the 

performance would be even lower after subtracting the expenses associated with investing in the funds.  

The funds that demand annual expenses in the 0,4% to 0,6% area seem to perform above the benchmark. Still, 

this is not proven statistically different from 0% with a p-value of 0,1727. The TE and kurtosis indicate that 

there is greater risk associated with this group, where fatter tails are observed. However, the kurtosis implies 

that this is due to both large over- and underperformers.  The JB test size means that the distribution is 
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significantly different from normal, again indicating that even though the excess returns are expected positive, 

there is also a greater benchmark tracking risk associated with it. Interestingly, the expected outperformance 

by the funds in this group does not justify the expenses demanded either. In order to justify the stated 

expenses, further criteria are needed to filter out the large underperformers. 

Lastly, the funds in the high expense category have almost normal distributed returns around a mean of 0%. 

The JB test has a p-value of almost 1 indicating strong similarities with the normal distribution. This is also 

apparent from the kurtosis and skewness that are both close to zero. What this means is that the funds in this 

category perform almost like the benchmark on average and therefore would only be expected to charge very 

small fees. They do not appear to justify the higher expense ratio reported. 

Interestingly, there is a small and negative correlation between the funds with low expenses and the other 

groups. This could indicate that they invest differently than the others. The two other groups exhibit high 

correlation, which would imply that they invest similarly. Therefore, it could be interesting to look at the 

diversification effects of including both funds with small and large fees together. This is done only at the end of 

the fund characteristics section when all variables have been explored thoroughly. 

All in all, this means that there does not seem to be a rationale behind the expenses that the funds demand in 

this sample, as there is expected negative performance for the funds. This is in line with the previously 

mentioned research of Chen et al in which the higher expenses are not justified by higher returns.  

Looking at the benchmark tracking risk taken, it does not seem like there is significant evidence of higher 

expense funds investing differently in order to meet their higher fees. However, we find that the funds in the 

middle group, who outperform on an average basis, does in fact take on higher tracking risk in order to do 

produce their higher excess returns. The top group has the same amount of tracking risk; however, they do not 

outperform on average. Whether the expense ratios help identify performing funds, when accounting for the 

other two fund characteristics, is something that the thesis will return to shortly.  

11.3.2.4 Who can demand higher expenses? 

As was the case for the fund size and manager tenure, expenses could also be a product of high excess 

performance in the past and not the other way around. The causality question is once again valid to go 

through. It is especially interesting because funds with high expenses must justify these on a continuous basis. 

One could argue that the funds that outperform their benchmark consistently can also justify the higher 
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expenses. Again, this thesis meets the data availability problem, since the fund expenses are only available at 

the end of the period. There is no way for us to conclude on whether the above statement is true. 

Nevertheless, it is important to consider as a possible explanation. 

11.3.3 Expenses, manager tenure and fund size 

The last thing that the thesis looks into in regards to the fund characteristics is the overall explanatory power of 

all the three variables together. If one sorts the funds on all three variables and look at the funds that have the 

longest manager tenure, largest fund size and expenses in the area between 0,4% and 0,6%, the portfolio of 7 

funds in the table below are identified. Furthermore, looking back at the intercorrelations, it would be of 

interest to compare this group with a portfolio of the funds with short manager tenure, mid-sized fund AuM 

and low expenses. This is because a long-short portfolio between the two could have interesting characteristics 

due to both return differences and correlation between the two. 

 

What is apparent for the first group is the growth in mean excess returns as compared to earlier groupings. The 

distribution around the mean does not seem to have changed notably since the groupings were done on 

management tenure and fund size basis only. The JB test indicates that the returns cannot be proven different 

from normal. The mean has a p-value of 0,02939 in the test of whether the returns are different from 0%. 

However, if we test whether the after-fee excess returns are significantly different from zero, we find no 

significant evidence (p-value of 0,1141). 

Looking at the second group, it captures the characteristics that have been identified as yielding poor 

performance, while holding low correlation with the first group. The long-short portfolio that is long the best 

characteristics and short the poor characteristics seem to add further value, as the mean grows considerably, 

keeping the distributional measure rather constant compared to the first group. The p-value in a test for the 

mean against 0% is 0,0009 but does not prove statistically different from the return of the first group. The risk 

measured by TE and kurtosis seem to be the same or even lower. Seeing past the difficulties in doing this kind 

of trade, the data suggests that there is something of interest. Whether this is due to data mining or actual 

differences is hard to distinguish. This thesis therefore does not go further into this long short strategy, but 

continue the search for more broad variables that can help explain fund outperformance. 
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The findings of group 1 boils down to a general picture of funds in this sample. The funds can be chosen in a 

way that produce almost normally distributed excess returns around a positive mean. However, no evidence is 

found that fully justifies increasing expenses associated with investing in the funds. Testing the returns against 

the results from the groupings done on management tenure and fund size only, yields no significant difference 

(p-value of 0,44). This means that there is no added value produced by sorting the on expense ratios when 

selecting a Danish covered bond fund. Ultimately, it seems as if the information contained in the expense 

variable is contained within the manager tenure and fund size variables or the other way around. The next 

section concludes on the optimal fund characteristics found in this thesis. 

11.4 The optimal fund characteristics 
This section goes through the conclusions regarding the fund specific variables so far and sums up what the 

optimal fund selection criteria is according to the data sample. We have already seen that sorting on fund size 

and manager tenure produces excess returns that are significantly different than just choosing a fund at 

random. Adding the fund expenses did not appear to change the picture significantly. However, choosing a low 

expense fund that fulfills the optimal criteria for fund size and manager tenure may still contribute to higher 

after-fee excess returns. To sum up the discussion on fund characteristics, a linear regression is run with the 

found variables against the annualized average excess returns: 

 

In the above table, all p-values of variables that are significant on a 95% confidence level are marked with bold 

text. It is found that fund size does not prove a significant explanatory variable in the full fund characteristics 

model. The reason could be that the fund size is strongly correlated with the manager tenure as was shown 

earlier. With the overall R2 of 0,2504 (the adjusted R2 is 0,1707) we find that a great deal of the variability in 

excess returns across funds can be explained by a model containing these three variables.  

It is again important to note that the causality for each of the variables could be the other way around. This 

would invalidate the above stated relationships and therefore constitute a concern related to the findings in 

the thesis.  
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To conclude on the question as to what characterizes the optimal fund to invest in based on the fund 

characteristics, it has been found that the fund should have long manager tenure. Since this has a decreasing 

effect, the natural logarithm to the variable is a more consistent predictor of returns. The expenses that the 

fund demands should not be the cheapest one possible, since there seem to be some justification of increases 

in fund expenses to begin with. This does nonetheless decrease rather quickly and higher expense funds do not 

provide higher excess returns. This is why the expense variables included are both squared and cubed. The 

fund size does not show any significant power in explaining the returns on an average basis, though it has been 

shown that choosing larger funds can help increase the expected outperformance. It could simply be that the 

fund size was a proxy for explaining part of the returns that the two other variables now captures instead, 

although depending on the available data to an investor, it is still deemed an important variable to consider 

when making the final model at the end of the thesis. 

Since the sample here is small, there could be potential dangers in using these findings as empirical truths. The 

goal here is not to give final answers as to whether the correlations are certain, but rather look for the 

relationships that the data indicate is present. The final model that we build in the end looks more into the 

justification and validity of the characteristics.  

12 The Danish Mortgage Bond 
The Danish covered bond is a collateralized debt security with real property used to secure the value of the 

debt. Especially the callable annuity bonds are popular in the Danish covered bond market. These bonds are 

characterized by having an embedded option which gives the mortgage borrower the option to redeem the 

loan at par value at any payment date (Falch, 2016). This prepayment option is what characterizes many bonds 

in the Danish covered bond market and it is also what makes these bonds especially difficult to price. Danish 

covered bond pricing depends on the prepayment model that is used to estimate future prepayments, in order 

to determine the timing and amount of the outstanding bonds that will be bought back at par value before 

maturity. Specifically, purchasing a callable covered bond is the same as buying a regular non-callable bond 

while selling a Bermudan option to redeem the bond at par value at a future payment date. 

Prepayment of a covered bond is often tied to a few rules of thumb that are of relevance (Rasmussen, 2014): 

 The coupon-rate for the new loan should be 2% lower than the existing loan  

 The price of the bond for the new loan should be above 95 
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These common rules are in place simply to ensure that it is profitable for the borrower to refinance at a 

different interest rate. In short, the interest rate has to have fallen by a large enough margin before it makes 

sense to incur the costs associated with refinancing the loan. That is, the gain from refinancing has to be higher 

than the cost incurred. These formalized conditions have implications for common bond metrics such as 

duration and convexity. 

12.1 Duration and Convexity 
In order to evaluate how interest risk exposure is handled by the sample funds, it is important to consider the 

performance as a function of the holdings-weighted portfolio duration and convexity. The goal of this is to 

determine whether Danish covered bond funds are able to manage interest rate risk to their advantage in 

order to outperform the benchmark. 

12.1.1 Duration 

 

 

From the graph above, there is a significant deviation between the price development of non-callable bonds 

and callable bonds. This deviation occurs when interest rates fall and in relation to the rules of thumb 

mentioned, the price difference becomes greater once the interest rate falls sufficiently, as prepayment 

becomes increasingly attractive. This means that as interest rates fall, it becomes more probable that 

borrowers will exercise their prepayment option, thus ending the cash flow stream of the bond prematurely. At 

some point, the marginal effect of the prepayment probability becomes stronger than the gain from interest 
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rates decrease, resulting in decreasing bond prices. In fixed income terms, this phenomenon can be described 

by a decreasing duration as interest rates fall. Bond duration can be described as: 

𝐷 = ∑ 𝑖 ∗ 𝑤𝑖
𝑛
𝑖=1             (3) 

Where 𝑤𝑖 =
𝑌𝑖(1+𝑦)−𝑖

𝐵
, with Yi being the payment at time i, discounted with the yield-to-maturity y and n is the 

total amount of payments. wi is the weight of the present value payment at time i relative to the bond price 

(Munk, 2015). Since duration is calculated as the sum of the weighted payments in present terms, it is possible 

to put the prepayment consequence into a bond context. When prepayment occurs and a bond is redeemed, 

the duration summation is cut short, effectively making the investor miss out on the future higher yielding 

payments. Thus, by calculating prepayment probabilities, it is possible to reduce the present value of the future 

payments by the uncertainty related to possible redemption. As described earlier, the prepayment probability 

is an inverse function of the interest rate level, where prepayment becomes increasingly profitable for the 

borrower when it is possible to refinance at a lower rate. The result is that the duration of the callable covered 

bond falls with the interest rate level, as the present value of the future cash flow decreases and the shorter 

term payments make up a bigger part of the total bond payments. When measuring the duration of a bond, it 

is vital to incorporate the prepayments as this will shorten the expected maturity and therefore duration of the 

bond. This is why we use an adjusted modified duration measure in our sample, when available.  

For the sample funds in this paper, the weighted-average durations are distributed as follows: 

 

As is seen, the durations are roughly equally distributed around a mean of 7,4. Relative to the full sample, most 

funds are as such invested in medium-term duration bonds. Based on the description of duration above, the 

duration metric can be thought of as representing interest rate risk. This is because higher duration means 

increased compounding of an increase in the interest rate level when calculating the present value of the 

bonds future cash flow. With this understanding of duration, it is interesting to examine whether high or low 
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interest rate risk is rewarded with higher returns in the sample period. In an efficient market, the expectation 

would be that investors are fairly rewarded for taking the increased risk, as otherwise no investor would be 

interested in buying the riskier bonds. 

 

A positive coefficient in front of the duration variable is identified for both the total and the excess returns. 

This means that assuming interest rate risk is rewarded in the sample period. This is as expected, as overall risk 

is rewarded through higher total return, while the excess return is also increased as the benchmark simply 

sticks to the average duration of the Danish covered bond market. Thus the benchmark has a ‘fixed’ interest 

rate risk, meaning that increasing the duration of the portfolio simply means taking on more interest rate risk. 

While these results are unsurprising, it confirms the expected behavior of bonds in the sample environment. As 

is seen in figure 10.3 showing the interest rate development in Denmark, there have been falling interest rates 

throughout the sample period. This means that investors are on the winning side of the interest rate risk, as 

the covered bonds in their portfolio experience higher gains than other bonds with lower duration. This also 

means that in a decreasing interest rate environment, it makes sense to choose Danish covered bond funds 

with high duration. This holds in spite of the increased prepayment probability from the falling interest rates, 

as everything else equal, the larger interest rate exposure gain outweighs the prepayment behavior in the 

sample. To build on this idea of increased interest rate risk being rewarded, the same regression as above is 

repeated using the OECD CLI business cycle indicator. This is done to acquire an idea of how the increased risk 

is both rewarded and punished depending on the expectations of the future economic environment. 

 

 

Total Return Estimate Std Error t Ratio p-value

Intercept 0,0008 0,0006 1,44 0,1501

Duration 0,0002 0,0001 2,69 0,0071

Excess Return Estimate Std Error t Ratio p-value

Intercept -0,0020 0,0003 -6,12 <0,0001

Duration 0,0003 0,0000 6,25 <0,0001

Duration per cycle Estimate Std Error t Ratio p-value

Duration[Recovery] 0,0004 0,0001 5,12 <0,0001

Duration[Expansion] -0,0001 0,0001 -1,35 0,1785

Duration[Slowdown] 0,0005 0,0001 4,76 <0,0001

Duration[Downturn] 0,0004 0,0001 6,46 <0,0001
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The result is that increased interest rate risk through higher duration increases excess returns in the recovery, 

slowdown and downturn phases. On the other hand, no significant effect is observed during expansionary 

phases. This is in agreement with the previous rationale. Specifically, during slowdown and downturn phases, 

the market expects lower interest rates to stimulate the economy, as previously argued. Likewise, for 

expansionary phases, an increase in interest rates is expected as the economy is doing well. The odd one out is 

the recovery phase, as this phase is often perceived as having increasing expectations of future economic 

conditions. Despite this, the positive coefficient may be a result of “spill-over” effects from sentiment or 

especially harsh conditions from a prior downturn phase. The conclusion is that the Danish covered bond funds 

act according to bond theory. Furthermore, it appears that the funds manage their interest rate risk according 

to the economic environment, so that they position themselves to outperform the benchmark. 

The above holds on average for the sample funds, although it is important to realize that selecting the correct 

fund is still difficult. This is evident in the follow plot: 

 

By assuming more risk, it follows naturally that there has to be more dispersion in the fund performance. This 

is confirmed in the above figure. The result is thus that increased interest rate risk yields potentially higher 

performance above the benchmark, although a prerequisite of harvesting this performance is selecting a 

manager that can correctly manage the increased risk. These selection criteria are potentially the previously 

discussed fund characteristics. Finally, it is important to extend the examination of the fund holdings 
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characteristics beyond duration. Thus convexity is examined in order to gain a deeper understanding of how 

Danish covered bond funds manage interest rate risk. 

12.1.2 Convexity 

The change in the duration is formalized as the convexity of the bond price: 

𝐶 = (1 + 𝑦)−2 ∑ 𝑖(𝑖 + 1)𝑤𝑖
𝑛
𝑖=1               (4) 

With the same definitions as the duration formula. Again, it is seen that the convexity is a function of the 

present value payments as a fraction of the bond price. For a regular non-callable bond, convexity is strictly 

positive as is seen on the graph between bond prices and interest rates. In contrast, callable bonds exhibit 

decreasing duration when interest rates fall sufficiently, which implies that the bond convexity turns negative 

once interest rates fall sufficiently below the bond coupon rate. This is also seen in figure 12.1 above, where 

the callable bond price function turns concave at low interest rates. This part of the graph is also the reason 

why Danish callable covered bonds are often referred to as having negative convexity.  

Looking at a simple linear regression of the convexity against the excess returns yields the following table. 

 

There seem to be a significant relationship between the convexity and the returns that the funds can make. It is 

positive, indicating that it encourages high convexity positions in bonds. An important question to ask is then 

whether this higher convexity trading strategy is a result of the macroeconomic environment that it is a part of, 

if it is a generally positive attribute to have or if it is pure coincidence. That is what the following sections will 

try to explain. 

12.1.2.1 Convexity as an attribute 

Looking at convexity in the general theoretical aspect says that higher convexity means that when interest 

rates go down, the rate at which the bond gains from price developments increase. On the other hand, when 

interest rates start to go up, high convexity guarantee that the duration starts to flatten out, limiting the bond’s 

price decline. This is desirable. However, as with any other hedging opportunity, it does not come without risks 

as will be discussed further in the next section. For now, the convexity seems like an attribute that the bond 

holder wants to be as high as possible. The table from before shows that the bonds with higher convexity was 

Excess Return Estimate Std Error t Ratio p-value

Intercept -0,0010 0,0002 -5,55 <0,0001

Convexity 0,0010 0,0002 6,10 <0,0001
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expected to lead to larger outperformance. This estimate is significantly different from zero and agrees with 

what was expected. Going back to figure 12.1 we see that lower convexity (and even to a point negative 

convexity) is achieved when the callable bond enters into an unwanted stage. When risks of prepayments rise, 

the convexity becomes lower. One can therefore look at the convexity measure as a hedging option that limits 

downside and increase upside potential. All these things point to a conclusion that higher convexity is better. 

But if this was true, then the next question is who would then buy lower convexity bonds. This is what the next 

section deals with. 

12.1.2.2 Convexity explained by the term structure 

So far it seems as if high convexity is demanded. It is therefore interesting to look at those who wish to take the 

opposite position. If one has a high convexity bonds and the interest rate first decreased and then returned to 

the original level, a loss would be incurred. The gain in the bond price from the decreasing interest rate would 

be done at the low duration. Then the duration would change to a higher level and when the interest rates 

increased, the decrease in price would be larger than the initial increase. Looking at the convexity in this 

context helps understand the actual risks taken when the convexity is high.  

Since the interest rates have fallen throughout this period, the high convexity bonds seem to have 

outperformed. As was seen in the macroeconomic section, there have been almost consistent falling interest 

rates in the 10-year point throughout this period. If there is a tendency to experience falling interest rates, we 

expect the bonds with high convexity to gain the most as their duration adjusts at an increasing rate, meaning 

that duration increases and the higher interest rate sensitivity is rewarded as interest rates fall further. There is 

however no justification as to why the interest rate development should be the same in the future. 

Furthermore, if the convexity was a perfect hedge against all kinds of interest rate moves, no one would accept 

the other side unless they were compensated appropriately. If the term structure is flat and only do parallel 

shifts, the explanation given in the previous section is valid. Though, we find that term structures often shift 

shape and level simultaneously. This could help explain why there is a hump-shape on the term structure, 

declining in the very long end where the convexity is greatest compared to duration, since investors are willing 

to give up yield in order to achieve convexity. Research suggests that the yield curve is more hump-shaped 

when interest rate volatility is higher and convexity is thus more valuable (NYU, 2016).  

The slope of the yield curve had increased in the same time period, which ruins the ideal narrative that has 

been described. Since duration calculations and hereby convexity are only valid for parallel shifts, the change in 
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slope cannot be captured by these measures. There do seem to have been a positive relationship between the 

high convexity bonds and their ability to outperform, however we cannot attribute this to the falling interest 

rates alone. Rather it seems somewhat justifiable so far to assume that falling interest rates in general is the 

most significant factor, even though it may be more complex than that. It does nevertheless make sense that 

the funds in our sample outperforms when holding high convexity bonds if only the first argument is used. 

12.1.2.3 Does high convexity mean outperformance? 

In conclusion, the convexity seems like a positive bond attribute, though it does come with a price. It was 

apparent that bonds with higher convexity in reality seems more like a hedge against rising interest rates, while 

gaining from the upside when they fall. The sellers of this protection does so under an assumption that the 

term structure either has non-parallel shifts, moves back and forth or has rates that does not move at all. Also, 

it was obvious that the convexity measure only guarantees against parallel shifts in the yield curve and 

therefore overlooks the actual twists and slopes of the term structure. There does however seem to be a 

relationship between the convexity and excess returns that the funds have achieved. This could be related with 

the fact that the interest rates have been falling throughout the period, meaning that the investors selling the 

hedge generally have lost.  

12.1.2.4 Convexity as a function of the macroeconomic temperature 

To further underline the explanatory power of convexity, it is relevant to look at it in a macroeconomic 

perspective, other than just through the interest rate environment on its own.  So far, the CLI indicator has 

been used as a way of quantifying the overall market expectancies. It is therefore interesting to look at how the 

interest rate level for the 10-year government bond has been in the different economic states. The figure 

below shows this in a box plot: 
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What is apparent is that the overall level and volatility of the interest rate is lowest when the economy is in the 

expansion state. This is useful knowledge when looking at how the convexity has had effect on the excess 

returns in different states of the economy. The estimates for the convexity measure are given in the table 

below. This means that the intercept is not reported. 

 

Since the estimates are significant, it has been a positive attribute to hold large convexity bonds in all other 

states than an expansionary phase. This makes sense as we have seen falling interest rates overall, while there 

has been no or only a few small interest rate increases in this period. This means that bonds with high 

convexity gained from the increase in interest rate sensitivity, thereby gaining on the convexity bet. The 

estimate for the expansion phase is somewhat different from what is expected. To help explain this unintuitive 

result, we turn to the box plot from before. In the expansion state, the volatility was generally lower.  This 

means that someone who bought the high convexity bond gained from small interest rate decreases, however 

it may be doubtful that the convexity premium that investors pay for these bonds is earned back. If one 

imagines that the convexity investment is a bet that wins with interest rates moves, then it does not constitute 

Convexity per cycle Estimate Std Error t Ratio p-value

Convexity[Recovery] 0,0012 0,0003 3,98 <0,0001

Convexity[Expansion] -0,0007 0,0004 -1,97 0,0497

Convexity[Slowdown] 0,0023 0,0004 5,43 <0,0001

Convexity[Downturn] 0,0010 0,0002 4,56 <0,0001
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an overall gain when there are no or only small movements. This is what we see in the expansion phase, 

indicating that a high convexity bet might not have been profitable. There is however a couple of things to look 

out for when drawing this conclusion. Firstly, the negative estimate is only just significant at a 95% confidence 

level. This means that we should be careful with putting too much weight into the interpretation. Secondly, 

since we are only looking at one variable, there is still a lot of variability in the excess returns that are not 

explained. The estimate could just be a spurious result pending on other effects. Overall this means that the 

data indicates that the convexity bet has been positive throughout this period, however there seems to have 

been periods where this bet has lost. We wrap up the section on duration and convexity with a short section 

looking at the two together.  

12.1.3 Duration and Convexity 

Now that the first- and second-order derivatives of the bond price have been investigated on an individual 

basis, they will be examined together in a single model. The goal of this is to identify whether the previous 

analysis conclusions still hold or if either the duration or convexity of a bond is more important when it comes 

to identifying performing funds. 

 

The result is significant positive coefficients for both of the variables. This is in line with previous full sample 

regressions on the individual variables, which also concluded that both increased duration and convexity 

resulted in higher excess returns over the benchmark. In other words, for the sample period, funds that 

ensured higher interest rate exposure while optimizing their bond convexity outperformed the benchmark. The 

explanation for this is the same as prior conclusions. That is, because the sample period almost strictly has 

falling interest rates, it makes sense that increased interest rate exposure is rewarded. At the same time, when 

interest rates fall, convexity simply functions as a return lever as high convexity bonds implies that the bonds 

obtain even higher interest rate risk as interest rates are decreased. In order to further dissect the relation 

between duration, convexity and excess returns, four groupings are created. These are as follows: 

Excess Return Estimate Std Error t Ratio p-value

Intercept -0,0018 0,0004 -5,06 <0,0001

Duration 0,0002 0,0001 2,44 0,0147

Convexity 0,0006 0,0003 2,12 0,0338
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By construction, it is seen that group 3 has higher than average duration and convexity while group 1 has below 

average of the same characteristics. An examination of the fund excess return across the funds yields the 

following distributions: 

 

The above evidences the previous regression model in saying that higher convexity and higher duration yields 

better excess returns on average. Despite the mean excess return increasing as a function of both duration and 

convexity, it is important to realize the conditions under which this happens. As is seen in group 3, the excess 

returns are highly dispersed around its mean compared to group 0. Choosing funds based on these measures 

are as such not a silver bullet, but rather acts as to where investors should look. Selecting the funds that are 

located in the positive half of group 3’s excess returns thus requires further in-depth analysis, which the 

following section investigates by examining the underlying cover pool that serves as collateral for the Danish 

covered bonds. 

# Condition

0 Dur < Avg(Dur) & Conv < Avg(Conv)

1 Dur > Avg(Dur) & Conv < Avg(Conv)

2 Dur < Avg(Dur) & Conv > Avg(Conv)

3 Dur > Avg(Dur) & Conv > Avg(Conv)
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12.2 Prepayment Modelling 
A prepayment model is a statistical model that incorporates factors that are expected to affect the prepayment 

rate for a given bond series. Among these factors is both the historical prepayment rate as well as 

characteristics regarding the debtor distribution. The key to modelling prepayments is to accurately model the 

refinancing gain in the future (Jakobsen, 1992).  

The historical prepayment rate for a bond series gives an idea of the prepayment propensity among the 

mortgage borrowers (Falch, 2016). While a high historical prepayment rate may indicate high prepayment rates 

going forward, it is also important to consider whether the large amount of prepayments has caused the series 

to be burned-out. This means that all the borrowers who were interested in prepaying have chosen to do so 

already. If the series turns out to be burned-out, it is expected to experience fewer prepayments going 

forward. There are always some borrowers left in a bond series that never prepay their loan, even though 

rational theory says that they should have done so. Also, the importance of the debtor distribution can be seen 

in the context of the prior burn-out rate, as a high amount of prepayments early on may define the level of 

future expected prepayments. 

It has not been possible to achieve data on earlier prepayment numbers and this thesis has to work from this 

outline. It is therefore more interesting to look at how other cover pool metrics can help predict over- and 

underperformers. A complex prepayment model that takes all this information as well as short rate modelling 

into account is not the goal of this thesis. Instead, the idea is to find predictors of prepayments and thereby 

performance as well as look at how they interact with each other.  

We further strongly emphasize that the goal is to find the variables that have indicated bond price 

developments that are not only contributable to the prepayments alone.  

The above sections highlight the importance of accurately modelling prepayment of the bonds, as it has a 

significant impact on the bond prices. Prepayment modelling is however difficult, as it relies on a series of 

important assumptions.  

In regard to the debtor distribution, important factors include loan size and age. They indicate when the 

refinancing gain to the borrower is the greatest, if they can refinance at lower interest rates (Jakobsen, 1992).  

In the following section, several cover pool metrics will be examined. This means that the following section 

gradually moves through the cover pool variables, while continuously presenting both theoretical expectations, 
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empirical results and finally a critical evaluation of the implied effect. This is done to identify and select the 

most important cover pool metrics when it comes to identifying the Danish covered bond funds that perform 

the best relative to the benchmark. The most promising variables are then included in a unified model on cover 

pool metrics. This model is then discussed in order to ultimately arrive at key metrics to include in the Danish 

covered bond fund selection model, together with important variables from prior sections. 

Every estimate in this section is based on percentage changes in the underlying variables or categories. This 

means that the estimate indicates the expected change in excess returns in % when changing the underlying by 

1%. When using categories, they collectively sum to 100%. This means that the estimate indicates what is 

expected to happen with the excess returns when increasing the category by 1% at the expense of lowering the 

baseline category correspondingly.  

12.2.1 Loan-To-Value 

A key metric when examining the Danish covered bond collateral pools are the loan-to-value (LTV). The LTV, as 

described in the “The Danish Mortgage System” section, measures the ratio between debt and equity on a 

single mortgage. Thus on a cover pool level, the LTV measure is simply the total amount of outstanding debt 

divided by the total amount of collateral value. The overcollateralization describes the security buffer that is 

included in the cover pool above the collateral for each mortgage loan. This means that mortgage lenders not 

only secure the covered bonds with the underlying properties and haircuts, they also build up an additional 

pool of security in order to ensure that the covered bonds will not be defaulted on. These metrics are chosen 

as they represent the risk of a cover pool, which is directly related to the risk in each covered bond that draws 

on the cover pool cash flow. 

The LTV can be understood as being proportional to the risk of the cover pool. This means that as the cover 

pool LTV increases, so does the risk of the cover pool. This happens as an increase in LTV implies a smaller gap 

between the loan size and the collateral value. This in turn means less room for fluctuations in the collateral 

value and thus a higher chance of having the value of the underlying security dip below the outstanding loan 

amount. This notion is parallel to the rationale underlying the Merton model, which simply applies the Black-

Scholes option pricing model to assess company value (Hull et al, 2004). The Black-Scholes model will not be 

expanded upon here, but rather the thought process of the Merton model will be applied. In the Merton 

model, default risk is defined as: 

𝑃𝑟𝑜𝑏(𝐷𝑒𝑓𝑎𝑢𝑙𝑡) = 𝑁(−𝑑1)          (5)  
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To put the above equation into simple terms, the probability of default is equal to the probability that the value 

of the company’s assets falls below the value of the debt that the company has taken. For a given price 

volatility of the assets, the probability of default will increase when the difference between the company asset 

value and debt decreases. 

 

 

Going back to the LTV, it can be perceived as being the gap between the expected asset value and the debt 

barrier in the figure above. As such, increasing the LTV also increases the default probability of the individual 

loan. Because of this, it is expected that investors are compensated for the default risk that they take when 

investing in a cover pool with high LTV. In terms of excess return, the LTV is expected to contribute positively as 

funds with high average LTV is taking on more default risk than the benchmark. Testing this expectation in a 

univariate model yields the following result: 

 

The results confirm the expectations, as the LTV variable has a positive coefficient that is highly significant. 

Thus it appears that the funds invested in Danish covered bonds are rewarded for taking default risk. While this 

result is as expected because of default risks, it is still somewhat surprising given the safety of the Danish 

covered bond market. As described earlier, the Danish mortgage system has never experienced a bond default. 

This raises the question as to how exactly LTV should be considered in the Danish context, as maximizing the 

LTV is to be desired as it perhaps could be perceived as giving higher returns with no added risk. At the same 

time, LTV may not be the only determinant when it comes to default probability. In the Merton framework 

Excess Return Estimate Std Error t Ratio p-value

Intercept -0,0102 0,0024 -4,31 <0,0001

LTV% 0,0156 0,0036 4,30 <0,0001



Page 73 of 166 
 

above, only the asset (collateral) value is considered in determining default risk. What this framework does not 

include is delinquencies and defaults on individual loans as a consequence of missed payments. While this 

could represent further default risk, it can also be argued that this source of risk is diversified away as the 

number of loans in the cover pools grow. Further examination of LTV is required in relation to other variables in 

order to arrive at a robust conclusion on whether higher LTV on Danish covered bonds is a free lunch or simply 

reward for taking on more risk.  

12.2.2 Overcollateralization 

In order to investigate the default element of investing in Danish covered bonds, the overcollateralization of 

the cover pools is examined. The overcollateralization describes the extra security that the lending institute 

adds on top of the collateral value. The added collateral makes the bonds tied to the cover pool more safe. It is 

thus natural to relate the overcollateralization to the perceived risk by the investors. Based on Merton’s model 

above, it could be argued that overcollateralization simply pushes up the expected value of the collateral, thus 

assigning less probability mass in the default area below the debt barrier. This would imply that the 

overcollateralization is related to LTV, although it can also be approached from a loss-given-default (LGD) 

perspective. When evaluating default risk, investors often consider the expected loss on investments with 

credit risk: 

𝐸𝐿% = 𝑃𝐷 ∗ 𝐿𝐺𝐷           (6)  

With EL% = Expected Loss as a percentage of the outstanding debt, PD = Probability of Default and LGD = Loss 

Given Default. It is seen that the expected loss is a function of default probability and loss given default. 

Furthermore, loss given default can be defined as: 

𝐿𝐺𝐷 = 1 − 𝑅𝑅            (7) 

With RR being the recovery rate in case of default (Schuermann, 2004). Based on this definition of loss given 

default, it is possible to examine the overcollateralization by using it as a proxy for the recovery rate. The idea 

is that overcollateralization drives up the recovery rate in case of default, as bond investors will be 

compensated through the extra collateral posted by the lending institutions in addition to the value derived 

from the main collateral. This implies that if a cover pool has large overcollateralization, the recovery rate 

approaches 1, as there is virtually no loss to the investor when an underlying mortgage loan defaults. Rewriting 

the above equation (x, EL% equation), it can be expressed as: 
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𝐸𝐿% = 𝑃𝐷 ∗ (1 − 𝑅𝑅)           (8) 

Finally, we have: 

lim𝑅𝑅→1 𝐸𝐿% = 0           (9) 

The implication for overcollateralization from the above limit is that it is not expected to have a significant 

impact on fund performance above the benchmark. In short, the recovery rate is perceived as being already 

high enough, so that further collateral has close to no impact on the default risk associated with Danish 

covered bond investments. Testing the excess returns against overcollateralization yields the following results: 

 

Contrary to the expectations, a significantly positive coefficient is found for the degree of extra collateral in the 

cover pool. The initial conclusion is thus that overcollateralization has a positive impact on fund excess returns 

over the benchmark, although the result is not clear cut. On an individual basis, the overcollateralization seems 

to represent an inefficiency, as it directly implies that less risk yields greater returns than the benchmark. 

Despite this, it is important to note the relation between the overcollateralization and LTV, as described earlier. 

Because of this relation, it makes sense to include both parameters in a regression model to determine if they 

both explain different aspects of the excess return drivers: 

 

The result is that the LTV is the prevailing variable. This implies that the previous overcollateralization result 

may have been due to the relation to the LTV. The above table thus supports the LTV of a cover pool as being 

an important metric to consider when selecting funds within Danish covered bonds. With this being said, it is 

also important to consider the future conditions based on these conclusions. Say an investor chooses a fund 

that has high LTV and low overcollateralization. This investor may perform well in a stable economy, but the 

reward for taking on the default risk from LTV implies that the market assigns at least some chance to the 

event that a significant amount of mortgage loans defaults. Thus in case of a market crash, the results found in 

this section might reverse, so that the most secure (high overcollateralization and low LTV) outperforms the 

Excess Return Estimate Std Error t Ratio p-value

Intercept -0,0007 0,0004 -2,04 0,0418

Overcollateralization 0,0063 0,0031 2,03 0,0428

Excess Return Estimate Std Error t Ratio p-value

Intercept -0,0101 0,0025 -4,04 <0,0001

LTV% 0,0153 0,0040 3,79 0,0002

Overcollateralization 0,0005 0,0035 0,14 0,8922
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market. This is an important aspect to consider, as investors need to know the risk they are being rewarded for, 

so that they know what factors to monitor in the market after investing in a fund. 

12.2.3 Realized Losses 

Aside from the above cover pool characteristics, it is worth considering historically how the loans in the cover 

pool have performed. That is, what have the realized losses been over the period in question. Due to the 

rigorous rules surrounding the Danish mortgage market, bond investors are protected from damages resulting 

from a small amount of loans. Despite this inherent security in the system, the fact that loan defaults do occur 

may create uncertainty among investors, as they are reminded of the recent US subprime mortgage crisis, 

resulting in a sell-off of the related covered bonds. Measuring the impact of the realized losses is thus crucial to 

understanding how the market reacts to the actual performance of the underlying loans. 

 

The result is a significant negative impact from an increase in realized losses. While this presumably does not 

impact the cash flows going to the bondholders due to overcollateralization, it does affect the performance of 

the bond series as investors reevaluate the riskiness of the bonds. By observing the behavior of realized losses 

in the established cover pool database, it appears that there is significant autocorrelation in this variable. Thus 

it makes sense for Danish covered bond investors to consider this metric, as the above results indicate that 

suffering losses in the cover pool, albeit small losses, has an impact on the performance of the associated 

bonds. To add to these results, it is important to recognize the scale of the coefficient found in the table above 

for realized losses.  

 

Excess Return Estimate Std Error t Ratio p-value

Intercept 0,0002 0,0001 1,58 0,1139

Realized losses -0,0664 0,0290 -2,29 0,0221
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As is seen, most of the realized losses observations are close to zero and below 1% in scale. Relating this to the 

regression coefficient above, it is obvious that the actual impact of the realized losses in the sample data is 

small. Furthermore, it is important to mention that this metric is strictly backward looking, meaning it does not 

hold any predictive powers beyond the apparent autocorrelation. This lessens the importance of the variable, 

as it may as well vary significantly in the future. The variable is however kept in the final selection model, in 

order to determine if the effect persists in combination with other explanatory variables. 

12.2.4 The Option-Adjusted Spread 

Bonds with embedded options such as Danish mortgage bonds often trade at a larger yield than an 

inconvertible bond with the same characteristics. For most bonds, the additional risk is often quantified as the 

yield difference in basis points between the pricing model yield and the yield on a government bond. When the 

option element is included in the pricing of the bond, the result is highly dependent on the prepayment model 

that is being used. When a price has been calculated, a second spread is often calculated that measures the 

yield difference between market and model prices of bonds with embedded options. This is what is referred to 

as the option-adjusted spread (OAS) (Miller, 2007). This means that the OAS measures the deviation of the 

market prices from the model-implied prices. The OAS is thus the additional yield that must be applied to the 

future cash flow of the bond on top of the yield curve used in the pricing model. Given a correct pricing model, 

this would mean that there is an arbitrage opportunity when the OAS is positive. Despite this, it is important to 

realize that the OAS is model-dependent, which further means that the OAS is a result of a series of 

assumptions regarding the term structure and option pricing. The OAS is often calculated based on the average 

price outcome of many simulated future interest rate paths in a Monte Carlo model. At the same time, only 

one of these paths are realized which produces a deviation between the model and the market (Hvidegaard et 

al, 2010). 

The OAS can be seen as a metric that attempts to summarize the previously described duration, convexity and 

prepayment characteristics. In relation to figure 12.1, the OAS describes the expected gap between the 

inconvertible and the convertible bond price in the “negative convexity” area of the curve. A positive OAS 

would imply that the gap should be smaller, as the pricing model that has been used calculates a lower option 

value than what the market is trading it at. This happens if the prepayment model for the pricing function 

draws on other assumptions than the market, thus predicting, for example, a lower refinancing probability 

going forward. In this example, the model expects greater future cash flow for the mortgage bond than the 

market does, which causes the model to predict a higher value for the bond than is observable in the market. 
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Relying on the OAS measure emphasizes the importance of correctly modelling the prepayment probabilities in 

the future, as accurate modelling may increase the outperformance probability of the fund. Given that the 

Danish mortgage bond market has a large quantity of convertible bonds, it makes sense to include the OAS 

metric in order to determine the prepayment modelling ability of the Danish covered bond funds. 

Despite the idea being that the OAS measures some kind of justified price deviation, critique points of the 

measure exists. Especially the phenomenon that the price sensitivity to changes in the OAS spread is non-linear 

causes issues for Danish covered bond investors. This non-linearity introduces losses as well as rebalancing 

needs and ultimately it is found that Danish covered bonds do not yield an excess return over Danish 

government bonds when evaluated on the OAS. It is further argued that the convertible bond pricing models 

underestimate the volatility input for the option pricing model. This is because the option models use market 

volatility from the option markets as in the Black-Scholes framework, which fails to capture the behavioral risk 

that is inherent in the prepayment risk. This causes a systematic underestimation of the embedded option 

value in the convertible bond, making the bonds look cheaper than they are (Hvidegaard et al, 2009). 

Ultimately, the OAS appears as an imperfect metric to capture the cheapness of convertible bonds. Despite 

this, it may still hold valuable explanatory power, although it is important to consider the OAS in a broader 

context before concluding on its effect. To evaluate the OAS, it is examined on a stand-alone basis in the 

following section.  

 

When it comes to predicting positive performance above the benchmark, the OAS appears to hold insignificant 

predictive power. Observing the development of the full sample holdings-weighted OAS yields the following: 

Excess Return Estimate Std Error t Ratio p-value

Intercept -0,0002 0,0002 -0,84 0,4037

OAS 0,0000 0,0000 0,79 0,4305
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It is seen that the OAS has been falling throughout the sample period. This can be interpreted as if the market 

is adjusting towards the model predicted prices or that the models historically have been inaccurate in their 

pricing of the Danish covered bonds. Considering the result in the figure above, it appears most likely that the 

models used in calculating the sample OAS have been inaccurate and has seemingly experienced a 

convergence of pricing with the observed market prices of the covered bonds. This leads back to the critique of 

the OAS that was presented earlier, specifically relating to the volatility bias in the OAS. In a broader context, 

this volatility bias describes the issue with OAS modelling, which is that the OAS might as well represent the 

quality of the data used rather than identifying market mispricing (Hvidegaard et al, 2009). The insignificance of 

the OAS thus implies that it is estimated using data that does not properly represent the future pricing of the 

covered bonds. There is a lack of explanatory power because of the sources of error described above. 

Therefore, the OAS is left out of the final model. 

12.2.5 Loan Size Distribution  

The following sections investigate the distribution of the cover pool loan characteristics. This will include the 

loan size, collateral, maturity, geographical and bond type distribution. After each section, we briefly look at 

how they are connected through correlations, both as a means of finding similarities between different 

characteristics and as a sanity check. 
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The loan size is important to consider as the cost of refinancing is relatively fixed regardless of the loan size, 

resulting in lower refinancing costs as a fraction of the loan that is being prepaid. Since interest is paid on the 

remaining size of the loan, larger loans thus stand to gain more from refinancing compared to a smaller loan 

with the same terms (Falch, 2016). In the Danish covered bond sample, this means that throughout the falling 

interest rate environment, one would expect to find more prepayments and thereby less excess returns for the 

larger loans. 

12.2.5.1 Average Loan Size 

To go into the loan size distribution, firstly the average loan size in the cover pool that the sample funds are 

invested in is investigated. It is calculated by taking the outstanding amount in the cover pool divided by the 

number of loans in the pool. Running a regression with average loan size on excess returns, results in the 

following estimates. 

 

It does not seem that there is a significant relationship present. Despite this, the estimate says that the 

tendency is negative, confirming the expected lower performance of larger loans in this interest rate 

environment. This result simply tells us that there is a tendency, however there seems to be better indicators 

of performance than the average loan size only. One might expect the time left on the loan to be an important 

factor when looking at prepayments of loans, especially in connection to loan sizes. Therefore, we might not 

find the actual effect of the prepayment behavior by looking at average loan size only. This relationship 

between the two variables is investigated further, in the maturity distribution section. 

Since we have both the outstanding amount and the number of loans, we can run a regression using these 

variables to look at which underlying factor seems to dominate in the average loan size explanatory power. 

 

The estimates indicate that the number of loans is the most significant driver of outperformance. It says that 

the larger the number of loans in the pool is, the more outperformance it is expected to yield. On the other 

Excess Return Estimate Std Error t Ratio p-value

Intercept 0,0002 0,0001 1,24 0,2153

Average loan size (mDKK) -0,0000 0,0000 -1,81 0,0708

Excess Return Estimate Std Error t Ratio p-value

Intercept 0,0006 0,0005 1,32 0,1861

Outstanding Amount (bDKK) -0,0000 0,0000 -1,95 0,0513

# Loans (thousands) 0,0000 0,0000 2,76 0,0059
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hand, the larger the pool is measured in outstanding amount, the worse is the expected performance. This 

estimate is however not significant at a 95% confidence level, although it is very close. Combining this with the 

earlier estimate for the average loan size, we find that the estimates seem logical. The higher outstanding 

amount and lower number of loans all leads to higher average loan size and thereby expected worse excess 

performance. The same is true the other way around.  

12.2.5.2 Cover Pool Diversification 

In order to explain theoretically why it makes sense that the number of loans in a pool is relevant when finding 

outperforming funds, one could go back and look at the Merton model explained earlier. When the number of 

loans increases, so does the diversification on an all things equal basis. The Merton model showed the 

distribution of loan payments with default scenarios in the lower tail.  Building on this concept and including 

the economic rationale that investors are not compensated for idiosyncratic risks one would like a well-

diversified portfolio of loans. This is true under an assumption of correlation between the loans lower than 1. 

One could argue that loans are positively correlated, as they are based on some of the same factors such as 

house prices in general and the interest rate environment. However, they are not perfectly correlated as there 

are some differences in the underlying characteristics of the collateral and borrower. As such, there is a need 

for many loans in the portfolio in order to increase diversification. If this is true, then we would expect to see 

that cover pools that are well diversified across different characteristics will outperform in the long run with 

less risk than a poorly diversified cover pool.  

If we look at the argument of diversification, it helps explain why the effect is not profound for the outstanding 

amount in the cover pool as this is not a direct indicator of diversification. 

A last comment is made here between the diversification and prepayment modelling. If one believes that the 

prepayment behavior is less than perfectly correlated, then higher diversification is also an indicator of lower 

portfolio prepayment risk. This could help explain why a diversified cover pool lowers the expected 

prepayments, which are unwanted in a falling interest rate environment. All things equal, this means that 

highly diversified cover pools are something that investors strive for both in connection to lower default 

probability and through lower expected prepayments. 

What is possible to conclude so far is that when identifying outperforming funds, one should look at the 

number of loans in the pool and to a lesser extent the outstanding amount. It is all about finding the cover 

pools with a large number of loans and small outstanding amount, aka low average loan size. To investigate this 
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further, we turn to the actual distribution of loan size in the cover pool to see if certain ranges are good 

predictors of outperformance. 

12.2.5.3 Distribution of Loan Size  

This section goes further into the distribution of the loan size and compares it to the results recently found. The 

way that Danish covered bond information is structured yields the groupings shown in the table below. These 

groupings are included in a multiple linear regression, leaving out the 0-2 mDKK category to avoid 

multicollinearity issues. 

 

We see that not all of the estimates are significant, which is fair to expect with multiple categories in this 

manner. The intercept captures both the 0-2 mDKK effect as well as all other elements not found in the other 

categories. This means that we can’t say a lot about this category other than if we had a cover pool that was 

fully exposed to the 0-2 mDKK category, there would be an expected underperformance. 

Looking at the 2-5 mDKK category, we find that an increase in exposure of 1% in this group indicates an 

expected increase in excess returns of 0,05% compared to the 0-2 mDKK group. This estimate is significant and 

thereby statistically indicates that it is better to be exposed to this category.   

The next category, 5-20 mDKK, has a negative estimate that is significant at a 95% confidence level. This means 

that by increasing the exposure in this category, the outperformance of the fund will be expected to decrease 

by 0,017% compared to the smallest loans category. This means that it seems like the small/mid-sized category 

is a category that investors should limit their exposure to according to this model.  

For the larger loans (20-50 and 50-100 mDKK) there is expected outperformance compared to the small loans 

category. Only the estimate of 20-50 mDKK is significant at a standard confidence level. The largest loan 

category (< 100 mDKK) has a negative estimate that is highly insignificant. It does not seem to make a 

difference as to whether one is highly exposed to very small or very large loans in terms of outperformance. 

Excess Return Estimate Std Error t Ratio p-value

Intercept -0,0001 0,0000 -4,00 <0,0001

2-5 mDKK 0,0005 0,0001 4,48 <0,0001

5-20 mDKK -0,0002 0,0001 -2,38 0,0176

20-50 mDKK 0,0005 0,0002 2,60 0,0093

50-100 mDKK 0,0004 0,0002 1,84 0,0665

>100 mDKK -0,0000 0,0001 -0,07 0,9442
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The very large loans are mostly found for the Danish Ship Fin. Gen. Capital cover pool and indicate that this has 

not shown excess performance on its own. 

Giving an explanation as to why this is so, is difficult, since it could be a result of many effects other than just 

the loan size distribution. One could imagine that the smaller loans is a combination of owner occupied houses 

and loans that have only limited balance left, with the maturity of the loan being very low. The owner occupied 

house loans are often taken out by private borrowers who could be assumed to have less incentive, compared 

to institutional borrowers, to prepay their mortgages when it is rational either as a result of less monitoring or 

simply lack of knowledge of the possibilities. On the other hand, if the loan maturity is generally low, since the 

loan has been taken out a long time ago and has been paid off over time, then the size could also be low. In this 

case, there is less incentive to prepay the loan as there is low maturity left and the costs and time associated 

with obtaining the new loan may not be justified. The opposite could be true for large loans. It is especially 

expected that large loans will prepay at smaller interest rate decreases as the costs associated with loan 

prepayments are assumed relatively constant.  

In order to try to explain what the dominating effect is, the underlying collateral as well as the maturity 

distribution is examined below. Each section briefly summarizes how it connects with the loan size categories. 

Before moving on, the loan size section is briefly summarized.  

12.2.5.4 What is Relevant in Regards to the Loan Size? 

In this section both the average loan size, the number of loans, the outstanding amount and the loan size 

distribution was examined. It has already been shown that the outstanding amount and average loan size did 

not help explain excess returns. In order to effectively determine which of the remaining two variables to 

include in the final model, the loan size distribution and the number of loans is run in one model. The results 

can be found in appendix 8. What is interesting is that the number of loans turns insignificant when included 

with the size distribution. We therefore argue that going forward it is only necessary to include the loan size 

distribution to capture these effects.  

12.2.6 Collateral Distribution 

Building on the previous section, larger loans are often created for corporate customers who then put up 

collateral in the form of, for example, office buildings. On the other hand, smaller loans are arguably often 

made for owner-occupied and holiday houses. Incorporating the collateral type distribution thus may also be 

explanatory when predicting the future prepayment propensity. 
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From the above table, only the interesting results are discussed here. The baseline is the “Other” category that 

especially includes ships. First of all, the owner occupied houses have a positive estimate that does not prove 

different from zero. Thus, there are no initial indicators of outperformance in the owner-occupied houses 

category compared to the “Other” category. In other words, there is no expected performance impact by 

overweighting this type of collateral. Looking at the holiday houses, the estimate is negative and significant. It 

thereby says that holiday houses is a category that predicts underperformance relative to the “Other” 

category. Private rental buildings significantly predict underperformance together with the manufacturing and 

manual industries. The only positive estimate that is significant in the sample is the office and business 

category. What the above model indicates is that one should expose themselves to cover pools whose main 

collateral is in the “Other” and “Office and business” categories. This is of course only valid for this simple 

model in isolation.  Concluding solely on the above would leave out the correlations within the cover pool 

between different underlying characteristic. Therefore, a check for collateral type and loan size is made in the 

following section. 

12.2.6.1 Collateral Type and Loan Size 

To look at the relationship between the type of collateral that is posted and the loan size, we turn to the 

correlation matrices found in appendix 7. This appendix contains correlations between the underlying 

characteristics of the cover pools and will be used throughout this chapter. High correlations are interpreted as 

significant co-movements between the two groups, meaning that exposure to one group are often associated 

with exposure to the other as well. This explains why we do not include cross-correlations within the same type 

of underlying characteristics. It is not in our interest to look at how different categories of the same variable 

behave between itself, but rather how different types of variables move together. Large negative correlations 

similarly indicate low consistency between the two groups. 

Excess Return Estimate Std Error t Ratio p-value

Intercept -0,0000 0,0000 -0,94 0,3492

Owner-occupied houses 0,0000 0,0000 1,09 0,2748

Holiday houses -0,0012 0,0004 -2,83 0,0047

Subsidized houses -0,0001 0,0001 -1,06 0,2911

Cooperative housing 0,0005 0,0003 2,01 0,0445

Private rental -0,0005 0,0002 -3,30 0,001

Manufactoring and manual industries -0,0016 0,0004 -3,48 0,0005

Office and business 0,0007 0,0002 4,45 <0,0001

Agriculture -0,0000 0,0000 -0,40 0,6869

Social and cultural purposes -0,0004 0,0008 -0,45 0,6501
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What is apparent is that the smaller loans (in the 0-2 mDKK and to a lesser extent 2-5 mDKK categories) 

generally consist of owner occupied homes. They also contain holiday houses, although this does not seem to 

dominate these types of groups. Both of the groups have low exposure to the “Other” category. We see that 

the owner occupied houses had a positive and insignificant estimate, while for the holiday houses it was 

negative and significant. It therefore does not seem like the collateral type distribution alone can help explain 

the higher expected return on the smaller loans. Although since the dominating part is the owner occupied 

houses, it could help explain some of the positive estimate. We return to this issue once more, when including 

the maturity distribution as well. 

The loans in the 5-20 mDKK group generally have high exposure to private rental, manufacturing, agriculture 

and office and business. It seems like most loans in the agriculture and the manufacturing and manual 

industries categories are found within this group. Since all estimates except the one for office and business are 

negative, and mostly significant, it seems fair to assume that they help guide the negative estimate found for 

the 5-20 mDKK loan size category. 

The next group, 20-50 mDKK loans, has its primary exposure in the cooperative housing, private rental and 

office and business categories. Looking at the estimates for these categories, we see that the private rental is 

negative, while the two others are positive. All of them are significant. This could indicate that the effect of 

cooperative housing and office and business in this loan size category dominates, yielding expected 

outperformance by overweighting the size of the loan.  

Lastly, the largest loans above 50 mDKK in size are mostly concentrated within the “Other” category. This 

category generally captures ships. They are negatively correlated with most other categories although 

especially with the office and business, and the owner-occupied categories. We do not have any estimate for 

the “Other” category. However, through the loan size, we can say that it seems like there is larger expected 

outperformance for the loans that are in the 50-100 mDKK group. Since it is not significant, we should be 

careful not to interpret too much on this estimate.  

Concluding on this section, it is obvious that there is a relationship between the loan size and the underlying 

collateral used. This is as could have been expected. This helps explain some of the estimates that was found 

under the loan size section. Since there are still some effects that are not fully explored in this regard, the next 

section turns to the maturity distribution. This next section will also go further into the correlation to the cover 
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pool variables introduced so far, in order to give a more complete picture of how the choice of cover pool 

matters to investors.  

12.2.7 Maturity Distribution 

The age of the mortgage is also considered since mortgages are issued at prevailing market interest rates. As 

such, as time passes and the mortgage seasons, there is more room for the interest rate level to develop. This 

means that over time, the probability of a gap between the coupon rate and the market interest rate increases. 

The impact of this interest rate gap is compounded by the amount of remaining payments on the loan. This 

implies that the prepayment probability is expected to increase as a function of loan age until a certain point 

when the amount of remaining payments becomes too low. As such, prepayment must be optimal somewhere 

in between too young and too old. To go further into this investigation, the following table is produced: 

 

What is apparent from the table is that there are significantly negative estimates around the 3-5 and 10-20 

years categories. This could indicate that there have generally been more prepayments within these categories 

leading to losses. Building on the introductory statements, there could be some indication in the data that 

loans that are in the middle categories according to loan maturity generally are the ones that have been 

prepaid and therefore lead to losses. Even though we find that the estimates for the outer categories as well as 

the middle one is insignificant, they do have signs as expected. The shortest and the longest loans generally 

have positive estimates. The short maturity loans have less reason to prepay as the loan only runs for a limited 

time and the costs associated could outweigh the gains. Furthermore, the longest maturity loans could 

generally be loans that are recently originated and therefore have not had the time to deviate on price due to 

falling interest rates. These categories could be insignificant because they also cover loans that have different 

originated time to maturity and this could slur the conclusions. Finally, the middle category has a negative 

estimate that also build on this notion of optimal prepayments within the maturity band of being between too 

young and too old.  

Excess Return Estimate Std Error t Ratio p-value

Intercept 0,0000 0,0000 1,72 0,0863

[1 Years ; 3 Years[ 0,0000 0,0000 0,78 0,4369

[3 Years ; 5 Years[ -0,0001 0,0000 -2,86 0,0042

[5 Years ; 10 Years[ -0,0001 0,0001 -0,66 0,5088

[10 Years ; 20 Years[ -0,0002 0,0000 -5,34 <0,0001

>20 Years 0,0000 0,0000 1,27 0,2037
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It could of course also be a result of other underlying reasons as to why these loans generally underperforms, 

that varies from the maturity distribution alone. We try to explore this by looking into how the maturity 

distribution is correlated with loan size and collateral types in the next section.  

To briefly conclude on this maturity distribution section, we do not find any significant indicators of 

outperformance when choosing cover pools based on the maturity of the loans as a characteristic. We do find 

indicators of underperformance that can be explained through the prevailing interest rate environment and 

they behave as expected. 

12.2.7.1 Collateral Type, Maturity and Loan Size 

By drawing on the correlations presented in appendix 7, we start by looking at the loan size and maturity. It 

provides a messy picture of the interplay between the cover pool variables. The low maturity loans (< 1 year) 

are mostly exposed to the smaller loans categories as expected. Moving to the middle maturity loans provides 

a more thorough picture. The loans between 3 and 10 year maturity are mostly exposed to large loans, with 3 

to 5 years being the clearest category. This does however not help explain why the maturity estimate is 

negative, as the estimates for these loan sizes were insignificant and in opposite directions. Furthermore, there 

is lower exposure to small loans in these categories overall. The logic could simply be that the large loans 

generally benefits the most from exercising the prepayment option, due to the constant expense of doing so as 

explained earlier. 

The very long maturity loans do not seem to be exposed considerably to any loan size category. Overall, we can 

conclude that the maturity distribution estimates are not explained by the loan size, other than indicating high 

exposure to large loans in the middle maturity categories. 

We therefore turn to the collateral type distribution in order to understand how the different loan maturities 

are distributed across these. It is clear that the short term loans under one year of maturity are mostly exposed 

to agricultural and office and business collateral, while being negatively correlated with the holiday, subsidized 

and cooperative houses. This would indicate that the loans in this category would generally be outperforming, 

although we do not have an estimate to back this statement as it is the baseline category. From before, it was 

clear that the middle maturity loans were generally also large loans and earlier we have seen that this is mostly 

the “Other” category that is prevailing here. We further find that these maturity categories are negatively 

correlated with the owner-occupied houses, although this does not explain why the estimates are negative, as 

no impact was identified for the owner-occupied collateral type. Lastly, the long maturity loans are exposed to 
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the social and cultural purpose, holiday, subsidized and cooperative collateral types. This could help explain 

why the estimate for the 10 to 20 year category is negative, since the estimates for these collateral types are 

negative and mostly significant. This does however not explain why the estimate for the above 20 years 

category is positive, although it is insignificant. This could have something to do with this category being more 

exposed to owner-occupied houses and less exposed to agricultural collateral. The agricultural category was 

also highly concentrated in the 5-20 mDKK group that had a negative and significant estimate, which could 

explain why lower exposure herein yields better excess performance. The owner-occupied houses could 

further be expected to be slower at realizing the prepayment option and thereby could be left in this category 

longer than other types of loans.  

To sum up, we find that the maturity distribution adds less explanatory power to our objective of identifying 

outperforming cover pools. Despite this, we do find that the explanatory power of the loan size and collateral 

distribution cannot fully account for the estimated underperformance of the middle maturity loans. We find 

that there is a connection between loan size and maturity, with large loans having middle maturity and with 

small loans generally being distributed around small and very long maturity loans in the data. Logic states that 

large loans benefit the most from prepaying, which could help explain why the estimates were negative and 

significant for these loans. In the end, we argue that the correlations between the maturity distribution and the 

collateral/loans size distribution are enough to explain the effects. The verdict is thus to exclude the maturity 

distribution from the final model. 

12.2.8 Geographical Distribution 

While all loans and bonds are affected equally by the overall interest rate level, it is interesting to consider if 

the geographical distribution of the cover pool matters in regard to generating excess returns in the Danish 

covered bond market. The data used for this section only considers the Danish regions of Greater Copenhagen, 

Remaining Zealand & Bornholm, Northern Jutland, Eastern Jutland, Southern Jutland & Funen and Outside 

Denmark. Thus specific demographics of these segments are not considered, although it is possibly these 

demographics that drive a difference between the regions being examined. Outperformance based on different 

geographical segments can be derived from both the riskiness of the underlying loans and the prepayment 

propensity. The riskiness may be determined by factors such as the local job market conditions, while the 

prepayment propensity could be driven by, for example, more finance savvy communities who understand 

when prepayment is a rational thing to do. The question is thus whether the local conditions determine these 

outperformance sources or if it is dominated by the macroeconomic developments. A multiple regression is run 
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in order to examine this question. In this regression, the “Outside Denmark” segment is left out as the baseline, 

which means that the resulting regression coefficients need to be interpreted relative to investing in a cover 

pool with collateral outside of Denmark. 

 

 

What is immediately apparent is that selecting funds based on the geographical distribution of collateral in the 

cover pool does not seem to help the selection process. It is thus not possible to conclude that there are any 

significant differences between the geographical segments, when it comes to the performance of the 

associated covered bonds. Despite this, it is worth noting that the “Remaining Zealand & Bornholm” category is 

significant at the 90% confidence level, although this is below the 95% level that has been desired throughout 

this paper. Still, it indicates that there may be a selection effect to uncover, perhaps by increasing the 

granularity of the geographical segmentation so that various demographic characteristics are included. This will 

not be examined further in this project. Rather, the variables on geographical segmentation are left out going 

forward, as they appear irrelevant to the final selection model, given the dataset that is being used. 

12.2.8.1 Geographical and Collateral Links 

The correlations between the geographical segments and the collateral types are examined as a way of 

ensuring validity of the above insignificant results. This means that the correlations are investigated as a check 

that the cover pool data aligns with common conceptions about the collateral type distribution in Denmark. 

Refer to appendix 7 for correlation tables. 

For the Greater Copenhagen segment, the three highest correlations are found for “Owner-occupied Houses”, 

“Cooperative Housing” and “Holiday Houses”. This is as expected, as Copenhagen along with the surrounding 

suburbs is the biggest residential area in Denmark. Simultaneously, a strong negative correlation is found for 

the “Other” collateral type, which typically includes collateral that does not classify under the typical types of 

collateral under the ECBC template regime. The “Other” collateral is often found in reports for foreign cover 

pools and as such it is unsurprising that there is a high negative correlation. 

Excess Return Estimate Std Error t Ratio p-value

Intercept -0,0029 0,0016 -1,87 0,0612

Greater Copenhagen -0,0042 0,0045 -0,92 0,3560

Remaining Zealand & Bornholm 0,0282 0,0156 1,81 0,0703

Northern Jutland -0,0017 0,0060 -0,29 0,7727

Eastern Jutland 0,0115 0,0105 1,10 0,2702

Southern Jutland & Funen -0,0114 0,0117 -0,98 0,3294
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The Remaining Zealand & Bornholm segment is like Greater Copenhagen in that it is largely residential. The 

highest weight is on owner occupied houses and the biggest difference from the Greater Copenhagen area is 

that there is a positive correlation with agricultural collateral, which is also in line with expectations. 

Moving on to Eastern Jutland, it is seen that there is a lot of business located there. This is agricultural, office-

based business and manufacturing. Again, these correlations are as expected, as it is well known that a lot of 

businesses choose Eastern Jutland as their location, as it is in the close vicinity of bigger cities. This is also the 

reason why this geographical segment has a significant correlation with owner-occupied houses, as cities such 

as Aarhus is included in this segment. 

Lastly, the “Outside Denmark” segment is negatively correlated with most collateral types but the “Other” 

category. This is exactly in line with the definition of the “Other” category, which in most cases contains foreign 

collateral. In addition to foreign collateral, ships are also included in the “Other” category. Despite the ship 

collateral in some cases being Danish collateral, it does not make up a large part of the sample bonds cover 

pools. The result is that there is a negative loading on the “Other” collateral for all Danish geographical 

segments, while “Outside Denmark” is mostly “Other” collateral. This also means that the “Other” category 

may be interpreted as being foreign collateral when evaluating results on this collateral category. 

12.2.9 Interest Rate and Repayment Type Distribution 

In order to look into the prepayment behavior and thereby the outperformance of certain loan characteristics, 

it is interesting to look at what kind of bonds is examined. The interest rate type goes into whether the bond is 

fixed, adjustable or floating. Following this, the repayment type section investigates the effect of whether it is a 

bullet/interest only bond or if it has amortizing payments.  

12.2.9.1 Interest Rate Type 

As mentioned in the section on the Danish covered bond system, there are traditional mortgage bonds as well 

as SDO/SDRO bonds. In addition to this, different interest rate options exist.  
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The three main options are fixed rate, adjustable rate and floating rate mortgages. These options allow 

borrowers to choose their interest rate risk exposure, with increasing exposure going from the fixed rate loan 

to the one with a floating rate. The Danish market is dominated mostly by the adjustable-rate and fixed rate 

mortgage (Rasmussen, 2014). 

As is evident from the previous results, Danish covered bond fund performance is strongly related to the 

interest rate environment. With the knowledge that performance is affected by both changes in the interest 

rate environment as well as the amount of interest rate risk that managers take, it is interesting to examine 

whether different types of mortgage loans behave differently in terms of yielding excess returns over the 

benchmark.  

The interest rate types vary by how often they adjust. This means that the fixed interest rate never adjusts to 

market conditions. The implication of this is that people holding mortgage loans with fixed interest rates are 

prone to refinancing their loans when interest rates fall. In contrast to this, the floating rate mortgage is tied to 

some observable market rate such as the CIBOR (Copenhagen Inter-Bank Offered Rate). This means that the 

floating mortgages have less incentive to refinance, as they automatically adjust to the lower interest rate 



Page 91 of 166 
 

level. In between the fixed and float mortgages is the adjustable mortgage, which simply means that the 

interest rate on the mortgage is adjusted, for example, on an annual basis. Thus the adjustable-rate mortgage 

also follows the market interest rate level, although at a slower rate than the floating mortgage. With regard to 

the expectations of which interest rate type delivers greater performance, it is important to consider the 

adjustability of the loan. Since the investors in fixed-rate mortgage bonds only suffer losses when the bonds are 

refinanced and they have to reinvest at a lower rate, it follows that these bond investors continue receiving the 

higher coupon payments until a certain threshold at which mortgage borrowers choose to refinance. With the 

floating rate loan, the rate simply adjusts to the prevailing market rate (plus further compensation for possible 

credit risk). The result is that when interest rates fall, the fixed-rate bonds returns a higher carry than the 

equivalent floating-rate bonds. The expectation is thus that fixed-rate mortgage bonds perform better than the 

equal flexible-rate bonds (that is, both floating and adjustable-rate bonds). In the following regression, the 

three interest rate types are evaluated in a regression, where the fixed-rate loan weight is left out as the 

baseline. 

 

The result is in line with expectations. If a fund has a larger share of floating-rate bonds, it would be expected 

that they underperform relative to a similar fund holding fixed-rate bonds. At the same time, it appears that 

adjustable-rate bonds perform similarly to the fixed-rate bonds. This could imply that the frequency of the 

interest rate adjustments can be thought of as similar to the prepayment probability as interest rates fall. With 

these results in mind, it is imperative to remember the interest rate trend that the sample data is drawn from. 

It was revealed that the interest rate level had been consistently falling through the sample period. The 

implication for these results and the following explanation is that the floating-rate has underperformed simply 

because they adjust to the new, lower rate quickly. On the other side, if the future interest rate development 

changes to rising rates, it may very well be that the above results inverse themselves, so that the floating-rate 

bonds outperform the fixed-rate. The explanation for this is the exact opposite as the one given above, that is, 

the floating-rate bonds will adjust quicker to the higher interest rates. This would make the floating-rate bonds 

hold a higher carry than the fixed-rate equivalents. The additional negative effect in this interest rate scenario 

would be that the fixed-rate bonds would experience fewer prepayments, thus locking in the low interest rate 

Excess Return Estimate Std Error t Ratio p-value

Intercept 0,0010 0,0005 2,07 0,0385

Float -0,0045 0,0013 -3,55 0,0004

Adjustable 0,0001 0,0005 0,24 0,8131



Page 92 of 166 
 

for bond investors unless they sell, which further implies a loss of value for the fixed-rate bondholders. By 

observing the correlation table between collateral and interest rate type in appendix 7, it can be seen that the 

floating interest rate loans are mostly associated with the “Other” category and negatively correlated with the 

“Owner occupied Housing” and “Office and Business” categories. Relating this to previous results helps explain 

the negative coefficient on the floating loans, as this type appears to be negatively correlated with collateral 

types that outperform, although only the “Office and Business” category has significant performance over the 

benchmark. As such, there are indicators that these correlations may explain the underperformance of this 

interest rate type, along with the above “adjustment speed” rationale. Especially the negative correlation with 

the “Office and Business” collateral type gives reason for the underperformance, as this collateral type yields 

higher performance than the benchmark with high confidence. Thus the floating rate performance may be a 

result of the inverse of the explanation as to why the “Office and Business” collateral type performs well. 

12.2.9.2 Repayment Type 

Considering the repayment type of the underlying loans, there are two major distinctions. That is if the loan is 

amortized during its lifetime or if it simply pays interest until maturity at which it repays the full loan amount. 

In other words, the loans are either amortizing or bullet loans. The chosen repayment types vary by collateral 

type (as in, who is taking out the loan) and liquidity needs. Especially liquidity is important when considering 

the expected performance of Danish covered bonds based on loan repayment type. With an amortizing bond, 

the loan takers liquidity needs are small but significant and spread out over the life of the loan. In contrast, for 

a bullet-type loan, there is only the need to pay interest over the course of the loan, although this implies the 

need to have liquidity at hand at the end of the loan in order to repay the loan, thus avoiding default. Choosing 

whether to overweight cover pools with high bullet or amortizing loans can as such be considered a choice of 

the level of default risk. The bullet-type loans are argued to be more susceptible to default, as it requires more 

liquidity planning by the loan taker. The amortizing loans spread out the payments, so that the loan balance is 

reduced over time. This means that there is a better match between when the loan taker receives income and 

when loan payments are made. This reduces the chance of default, which will to a greater extent be a question 

of whether significant changes happen to the loan takers income situation. An investigation of which collateral 

type dominates the two different repayment types may help establish valid expectations for the performance 

based on repayment profiles. Referring to the collateral and repayment type correlation table in appendix 7, 

what stands out is the high positive correlation between the “Office and Business” collateral type and the 

bullet loans. Based on past analysis above, this alone should imply performance over the benchmark for the 
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bullet category. At the same time, the amortizing category is positively correlated with the “Cooperative 

Housing” collateral type, which has outperformed the benchmark significantly. The performance expectation is 

thus ambiguous, as both repayment profiles are contenders for best performance. A simple univariate 

regression is due in order to examine which effect dominates. 

 

The result is that the bullet-type loans perform the best. This has a couple implications for the choice of cover 

pool when investing in Danish covered bonds. As mentioned previously, the bullet loans represent higher 

default risk than the amortizing bonds. It is important to realize that the higher excess return could simply be a 

reward for purchasing higher risk cover pools. Linking this with the fact that no bond has defaulted in the 

sample period, means that investors have gained from holding these riskier bonds. Considering that bullet-type 

loans are highly associated with the “Office and Business” collateral type, it appears that mostly corporates 

choose this loan type. As a corporate entity, more resources are often spent on planning liquidity, in which case 

it is more manageable to ensure that the required liquidity is available once the loan matures. Thus the default 

risk may not be exorbitant, but it is still there. This result further guides investors in this market, as it 

emphasizes the need to form expectations about the future business climate in Denmark. 

12.2.9.3 Interest Rate and Repayment Type 

To conclude on the above effects, a model is estimated that incorporates both interest rate and repayment 

type. This is done to determine whether both factors matter in determining the optimal cover pool to invest in, 

or if just one of the factors dominate the decision. 

 

 

The result is that the bullet type is no longer sufficiently significant that it qualifies as an important determinant 

when selecting cover pools. Only the floating interest rate type remains significantly negative at the 95% 

confidence level. The previous explanations for the coefficient on the floating rate still hold. The reason why 

Excess Return Estimate Std Error t Ratio p-value

Intercept -0,0020 0,0006 -3,47 0,0005

Bullet 0,0034 0,0010 3,46 0,0005

Excess Return Estimate Std Error t Ratio p-value

Intercept -0,0005 0,0009 -0,54 0,5873

Float -0,0030 0,0015 -2,03 0,0429

Adjustable -0,0004 0,0005 -0,68 0,4955

Bullet 0,0024 0,0013 1,81 0,0701
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the bullet type loan is no longer significant may be because it appears that when the fixed rate loans are 

implicitly included as a baseline, the explanatory power is shifted away from the repayment profile to the 

interest rate type. The conclusion is thus that the interest rate type of the cover pool is more important than 

the repayment profile when selecting Danish mortgage cover pools. Thus in the final model, only the interest 

rate type is included. With this said, it is important not to completely disregard the repayment profile, as the 

bullet coefficient is close to being significant at the 95% confidence level. Further examination of the 

repayment type may as such be warranted. This will not be investigated further in this thesis, although 

analyzing the performance of the bullet repayment type would be interesting during times of financial distress. 

The purpose would be to determine if so-called loan default contagion is present in the Danish mortgage 

market, as is seen in the US (Gupta, 2016). 

12.3 Prepayment Modelling Conclusions 
This section briefly summarizes the conclusions that have been made so far in regard to the characteristics of 

the underlying security that the fund holds.  

For the LTV and overcollateralization, it is found that both hold explanatory power on a stand-alone basis, 

although when they are included in the same mode, only LTV is significant. This means that only the LTV 

measure moves on to the final model. Following this, the realized losses of the cover pools are examined. It is 

found that realized losses have a significantly negative impact on the fund excess returns. At the same time, 

the size of the realized losses is small across the whole sample. Despite this, the realized losses are chosen to 

be included in the final model, as it may capture a niche aspect of excess returns. Following the realized losses, 

the OAS is investigated. The result is that OAS does not contain explanatory power in explaining the excess 

returns in the sample period. It is found that the OAS does not reliably imply an upcoming convergence of 

market prices with model-implied prices. Thus the OAS variable is left out going forward. 

Initially, the average loan size of the underlying cover pools is examined. This is determined to be insignificant, 

but by decomposing this measure into the outstanding loan amount and the number of loans, it is found that 

the number of loans may explain fund excess returns through diversification effects. Digging deeper by 

including both the loan size categories and the number of loans in a multiple linear regression, it is finally found 

that only the loan size categories are significant. Going forward, the number of loans is thus left out and the 

loan size distribution is included in the final model. Turning to the collateral distribution, it is found on an 

overall level that some collateral types have a significant impact on fund performance. Specifically, holiday 
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houses, private rental, manufacturing & manual industries and office & business hold significant explanatory 

power with regard to fund returns over the benchmark. These results are examined together with loan size 

correlations in order to determine if there is any relation between the different types of collateral and the size 

of the loans they hold. It is argued that the collateral categories do in fact hold different loan sizes, with owner-

occupied houses holding smaller loans than the office & business category, for example. Because of these 

relations and the significant results in the collateral categories, the collateral type is included in the final model 

in order to determine which effects are robust. Finally, the maturity distribution is examined. It is found that 

while middle maturity loans imply a significant contribution to underperforming the benchmark, the maturity 

distribution is also correlated with the collateral/loan size distributions previously analyzed. It is thus argued 

that the high correlation means that the maturity distribution can be excluded from the final model without 

loss of explanatory power, when the collateral and loan size distributions are included. 

Proceeding, the geographical distribution is analyzed. No significant results are found when it comes to 

investing in Danish covered bonds based on the underlying geographical dispersion of the collateral. It is worth 

noting however that the “Remaining Zealand & Bornholm” segment is close to significance the 95% confidence 

level. This means that the importance of geographical distribution is not fully defeated. Following this, it is 

found that the geographical distribution has large correlations with different types of collateral. These findings 

ultimately lead to the geographical distribution being left out of the final model, as important aspect of the 

geographical distribution may just as well be caught by the collateral distribution. 

The final area of analysis in relation to the cover pool characteristics is the interest rate types and repayment 

profiles. For the interest rate types alone, it is found that floating rate covered bonds have underperformed 

fixed rate bonds. It is argued that this is due to the constantly falling interest rates throughout the sample 

period and that floating rate bonds incorporate the lower rate faster than the fixed rate bonds. Looking at the 

repayment profiles in isolation, it appeared that bonds with a bullet repayment profile outperformed the 

amortizing counterparts. In relation to this, it is argued that the outperformance has been a reward for taking 

on the higher default risk associated with the large payments at maturity of the bullet bond. Lastly, both the 

interest rate type and repayment profile is incorporated into a single model. The result is that the floating 

interest rate type holds all the explanatory power, as the bullet bond becomes insignificant. The conclusion is 

that only the floating interest rate type is important to include, which means that the interest rate type 

distribution is included in the final model and the repayment profiles are not. 
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13 What Indicates Fund Outperformance? 
The analysis has now gone through the four main parts: macroeconomic environment, fund characteristics, 

security specific and cover pool variables. Therefore, it is time to collect all the pieces into one final model that 

captures the most essential characteristics to consider when looking into selecting funds that invests in the 

Danish mortgage bond market.  

13.1 Building the Final Model 
The model that constitute the preliminary final model, which is made up of all previously significant results, can 

be found in appendix 9, model 1. When including several types of characteristics in the model, there is 

expected to be some covariance between the variables that could not be discovered when they were treated 

separately. It has already been shown that the maturity of the bonds was strongly correlated with collateral 

and loan size. This means that we were able to leave out the maturity as an explanatory variable in the final 

model. In the same way, the overcollateralization, geographical distribution, repayment type and OAS was 

found to yield little explanatory power, resulting in their absence in the final model. Even though one might 

find significant estimates when looking at the explanatory power of the variables on an isolated basis, it makes 

sense to look at them in a unified model. This enables us to remove any variables that explain the same 

variation in the excess returns.  This is the same as saying that we try to remove multicollinearity in the model, 

as several of the underlying explanatory variables could be correlated without yielding further descriptive 

power in relation to the excess returns. To help us make the decision as to whether a variable should be 

excluded, we consider the economic rationale, the correlation to the other variables and the quantitative 

measures of the Akaike Information Criterion (AIC) and the Bayesian Information Criterion (BIC). 

The variables that are removed from the model are listed below in the order in which they are taken out. Each 

step is further reported in appendix 9 with all estimates and information criterion scores. 

13.1.1 50-100 mDKK 

The first variable that show no explanatory power when everything is included in the model, is the 50-100 

mDKK category. The estimate was positive but not significant when looking at the loan size distribution alone. 

This seems reasonable since the >100 mDKK category is almost perfectly correlated (0,9740) with this category, 

again showing the perhaps too narrow groups that cannot be distinguished from each other. After excluding 

the 50-100 mDKK category, a higher absolute AIC and BIC score is achieved. This new model then lays the 

foundation for further filtering. 
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13.1.2 5-20 mDKK 

Secondly, the 5-20 mDKK category appears insignificant. The estimate of this category alone was negative and 

significant. This could indicate that it explains some of the same variation in the excess returns as some of the 

other variables included in the full model. In the correlations reported in appendix 7, we find that the 5-20 

mDKK category is strongly correlated with the agricultural collateral type, as well as the similar loan size 

categories of 2-5 and 20-50 mDKK. Since the effect of this group alone does not provide enough evidence to 

justify its presence in the model, we argue that the surrounding loan size categories might be too narrow, 

essentially capturing the same effects. Removing it from the model leads to a new and smaller model that once 

more increase the absolute AIC and BIC scores.  

13.1.3 Float 

The next category that is most insignificant, based on the p-value, is the float interest rate type. This category is 

generally correlated with the “Other” collateral type category. From earlier analysis we also found that “Other” 

was strongly correlated with the larger loans, specifically the above 50 mDKK categories. The argument that the 

model captures the same effect from the two variables thus prevails, making the conclusions insignificant and 

raising the question of multicollinearity. It is therefore removed from the model, leading again to higher 

absolute AIC and BIC scores.  

13.1.4 Fund Size 

Subsequently, we look at the fund size that previously was found to be a significant indicator of excess 

performance on a standalone basis, with greater fund size leading to higher excess returns. We also saw that it 

became insignificant when we included the other fund characteristics. Furthermore, we have previously found 

that larger funds generally held larger duration bonds, meaning that this could explain why this characteristic 

has now become insignificant when included together with duration. We therefore exclude it from the model. 

13.1.5 DK Govies 7-10 Year 

This estimate has earlier been shown to be negative and significant in a low interest rate environment. We find 

that when it is included in the model together with the actual level of the 10-year government bond yield, it 

becomes insignificant. We argue that the reason here is that these two variables are strongly negatively 

correlated (-0,9674). This could be explained by the fact that whenever the 10-year yield has been going down, 

which has happened throughout this period, then the shorter maturity end has dropped even further, resulting 

in an overall increase in the slope of the term structure. This is also what we saw in figure 10.2 earlier. The 

reason could be the quicker response that the shorter maturity yields have to changes in the overall yield 
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direction as compared to longer maturities. It makes sense that investors are more willing to accept lower 

yields at a shorter period, due to the smaller risk of rising yields as compared to locking in the lower yield for 

longer periods of time. Because they explain the same effect in the excess returns, we argue that it makes 

sense to exclude one of them, backed by the increase in absolute AIC and BIC scores. 

13.1.6 Holiday Houses 

The logic behind why the holiday houses category turns insignificant is possibly found within its high correlation 

with owner-occupied houses and to a lesser extent the small loans below 5 mDKK. Since these categories are 

all in the model, we exclude the holiday houses to increase model explanatory power.  

13.1.7 Adjustable 

The adjustable category is the next variable that should be excluded based on the p-value. Since it was only 

included because the float variable was significant and it did not have any explanatory power on its own, we 

leave it out leading to increases in the AIC and BIC scores. 

13.1.8 Convexity 

The category with the largest p-value is now the convexity. This is highly correlated with the duration, as could 

be expected. Furthermore, it is correlated with the small loans (less than 5 mDKK) and owner-occupied houses. 

Since these categories are already included in the model, it seems as if adding the information regarding the 

convexity does not yield further descriptive power. This is also apparent from the change in AIC and BIC 

following the exclusion of this variable. 

13.1.9 Ln(Manager Tenure) 

We find that the manager tenure does not help explain excess returns when included in a model with all the 

other variables. The immediate question is then whether the earlier significance was a result of funds investing 

differently based on manager tenure. Leaving out manager tenure could be a sign that it is correlated with 

bond selection, especially the duration. Therefore, if one looks at another macroeconomic environment in the 

future, it could be that the manager tenure is relevant again. This might happen as they could be better at 

selecting the right bond exposure that fits the interest rate and credit risk development. We cannot deny this 

selection skill in this thesis, since we only have falling interest rates and since the higher tenured funds are 

generally more exposed to duration. This correlation could also explain why they cannot both be in the model. 

Said differently, we cannot distinguish manager tenure from high duration and we cannot deny that the 

manager tenure is correlated with bond selection skills. This is something that another interest rate 

environment could help answer.  



Page 99 of 166 
 

13.1.10 Office and Business 

The final variable that needs to be considered is the “Office and business” category. This variable had a positive 

and significant estimate when looking at the collateral distribution alone. In the correlations reported in 

appendix 7, we find that this category is strongly correlated with the medium sized loans, especially in the 5-50 

mDKK categories. Since these are also included in the model, it is expected that they capture some of the same 

explanation in the excess returns variation and it would suffice to include only one of them. After we exclude 

the “office and business” category we achieve a higher absolute AIC and BIC score.  

13.2 Final Model Estimates 
The above process leads to a model that maximizes both the AIC and BIC scores. Thus the final model is 

determined with the following estimates: 

 

In the following sections we sum up the conclusions and economic rationale in regards to each of the 

significant variables, backed by earlier conclusions made throughout the analysis. 

Optimization Parameter AICc = -18917,3 BIC = -18808,4

Excess Return Estimate Std Error t Ratio p-value

Intercept 0,0108 0,0151 0,71 0,4753

Duration 0,0002 0,0001 3,72 0,0002

LTV 0,0333 0,0076 4,40 <0,0001

Realized Losses -0,1114 0,0428 -2,60 0,0093

Owner occupied homes -0,0548 0,0173 -3,17 0,0015

Subsidised housing -0,0662 0,0177 -3,73 0,0002

Cooperative housing -0,1561 0,0398 -3,92 <0,0001

Private rental -0,1208 0,0275 -4,39 <0,0001

Manufacturing and manual industries -0,2158 0,0551 -3,91 <0,0001

Agriculture -0,0530 0,0203 -2,62 0,0090

Social and cultural purposes 0,2884 0,0946 3,05 0,0023

DKK 2-5m 0,0568 0,0186 3,05 0,0023

DKK 20-50m 0,1384 0,0515 2,69 0,0073

> DKK 100m -0,0532 0,0224 -2,38 0,0175

10Y Govt Yield -0,0012 0,0002 -5,80 <0,0001

Expense Ratio 0,0120 0,0048 2,48 0,0134

Expense Ratio2 -0,0174 0,0071 -2,45 0,0145

Expense Ratio3 0,0074 0,0032 2,32 0,0205

Model 11
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13.2.1 Duration & 10-year Government Yield 

Observing the duration estimate in the final model above, it is found to impact the excess returns positively. 

This is in line with the interpretation from the duration section above. This section interpreted the impact of 

duration on excess returns as a reward for assuming more interest rate risk than the benchmark. As the 

duration is robust in the above model even when including several other explanatory factors, it is possible to 

conclude that the interest rate risk reward is present in the observed environment for the Danish covered bond 

market. The positive sign in front of the estimate, as previously mentioned, implies increasing returns as more 

interest rate risk is assumed. This is a result of the overall interest rate development in the sample period, 

where the interest rate level has been continuously falling. Thus funds with higher duration have been on the 

winning side of the interest rate development. Despite this result, it is important to consider the validity of the 

estimate going forward. As interest rates start to increase, the sign will effectively be reversed as funds with 

higher duration are hit harder by the rate increase. This happens as the high duration funds will experience 

stronger compounding of the increase in the interest rates since these funds hold bonds with a longer stream 

of cash flow. It is important to mention that we cannot distinguish the funds that have strategically chosen to 

be long duration from those who hold it on a regular basis, thereby separating the funds that are able to 

position themselves correctly according to the actual interest rate development.  

Supporting the above effect from interest rate exposure, it is also seen that an increase in the 10-year Danish 

government bond yield results in lower expected excess return. Building on the above explanation for duration, 

this variable shows the impact of changes in the level of the interest rate curve. Thus the 10-year yield 

describes the raw impact of an interest rate change, while the duration shows the differences between fund 

performance depending on interest rate sensitivity. By finding a significant effect of the duration and 10-year 

Danish government bond yield on fund performance in Danish covered bonds, it is thus confirmed that the 

Danish covered bond market reacts to interest rate changes as predicted by financial theory. 

13.2.2 LTV 

The LTV measure was explained using the Merton model, in which LTV would be interpreted as representing a 

level of default risk. In the final model above, the LTV is highly significant with a positive coefficient. This robust 

estimate implies that default risk is an important variable to consider when selecting funds to invest in Danish 

covered bonds, as it can be considered a rewarded risk factor. By considering this as a risk factor, it follows that 

the additional excess return above the benchmark is a reward for taking on additional exposure to this factor. 

This also means that the LTV does not represent an arbitrage opportunity, despite Danish covered bonds being 
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relatively safe assets. It might be appealing to maximize the LTV by investing in cover pools with this 

characteristic, although this should only be done once the investor is aware of the reason why they are being 

compensated with additional returns. This is because by holding high LTV loans through the cover pool, there is 

less leeway for fluctuations in the value of the underlying collateral. As shown through the Merton model, this 

is the reason why high LTV represents higher default risk. Selecting Danish covered bond funds based on LTV 

thus require careful consideration of the macroeconomic environment, as the additional reward for investing 

in these bonds can be considered payment for providing insurance against financial crises. This is because the 

high LTV loans will be more prone to default in situations where house prices are severely affected, leading to 

greater losses in the cover pool and ultimately a lower value of the associated covered bonds. The importance 

of considering this insurance perspective is exacerbated by the fact that the investors are providing insurance 

against tail-events when the broader economy is affected adversely. In essence, investors are rewarded for the 

risk that when the markets go down, the investors will experience amplified losses through greater losses in 

the cover pool. By investing in high LTV bonds, investors have thus harvested the default premium as the 

covered bonds have not experienced a credit event in the sample period. This is however not to say that it 

cannot happen in the future. 

13.2.3 Realized Losses 

The estimated effect of the realized losses is negative and robust in the presence of the other explanatory 

factors. This is unsurprising, as this backward looking measure captures actual losses in the cover pool. Relating 

the estimated effect to the analysis conducted in the ‘Prepayment Modelling’ section, it may be that cover 

pools with higher realized losses experience a sell-off as a result of nervousness relating to the quality of the 

cover pool. This happens despite the inherent security in the Danish mortgage system and may be interpreted 

as representing a behavioral bias in the Danish covered bond market. This result implies that the Danish 

covered bond system is not necessarily immune to emotional investors, although careful consideration of the 

reason for the realized losses may be valuable to include. Building on this, it may be that the cover pools with 

high realized losses are also exposed to certain demographics that are experiencing negative economic 

developments. An alternative explanation may be derived using the Merton model. Everything else equal, 

when losses occur in the cover pool, it can be interpreted as moving the value of the collateral closer to the 

outstanding debt on the cover pool. This is the same rationale as for the LTV measure. Despite the realized 

losses being small, if the markets are sufficiently efficient, a drop in the market price of the bonds should be 

observed even for marginal negative changes related to the covered bonds. This result for the realized losses 
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may thus be interpreted as a sign of market efficiency, as the increased default risk, albeit small, from realized 

losses is incorporated into the Danish covered bond prices. 

13.2.4 Collateral Distribution 

The collateral based estimates in the final model might seem spurious at first. Almost all of the categories have 

negative estimates, indicating that an increased exposure through the cover pools to these characteristics will 

yield expected lower excess returns. In this case, the baseline consists of “Holiday houses”, “Office and 

business” and “Other”. This means that an increase in exposure to any of the groups included in the model is at 

the expense of decreasing the exposure within these groups. It has previously been established that on a 

stand-alone basis, the “Office and business” had a positive estimate, while the “Holiday houses” were negative. 

Both estimates for these categories were statistically significant. It is therefore hard to distinguish the effects 

from each other. In order to dig deeper, the underlying economic rationale is discussed further. The “Other” 

category is a large part of the effect in the baseline. We argue that this group mostly consists of ships and 

furthermore that the ship finance cover pool (Dansk Skibskredit A/S – Gen. Capital Centre) has had a lower 

rating of “A” compared to “AAA” for all other cover pools examined (Falch, 2016 and Danish Ship Capital, 

2016). This could indicate that investors price in higher risk in the ship-related cover pools, arguably because 

shipping in general is more unstable in their earnings as compared to the other categories. Using this argument 

together with the fact that no defaults on bonds have been observed in the examined period, implies that the 

ship-related bonds had higher risk prospects and thus lower prices. This means that on average, these bonds 

yielded higher than bonds in other collateral categories. This also means that if an investor expects few or no 

defaults in the covered bond market, there is a premium to earn by investing in the riskier cover pools. This is 

in line with economic theory and it can be argued that this can be considered an indicator of market efficiency. 

With the opportunity to earn a higher pick-up on bonds that are conceived as riskier, the investor is being paid 

for taking on the risk of losing large amounts in a rare, but possible scenario, due to the uncertainties of the 

shipping industry. 

This can be seen as a factor with comparable characteristics to the LTV, however it seems to capture an effect 

not present in the estimate of LTV. This could be due to the fact described earlier that ship-related cover pools 

can at most have an LTV of 60%, while still yielding more than cover pools based on other types of collateral. 

Using this line of thought, it is argued that this is why the estimates indicate the greatest underperformance in 

the “Manufacturing and manual industries”, “Private rental” and “Cooperative housing” categories. These 
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groups tend to put up significant and stable collateral (e.g. a factory with large tangible assets that takes out a 

loan) and could be thought of as secure, thereby pricing less risk into the bond prices. They have generally lost, 

due to the lack of defaults, meaning that the higher security has not been rewarded in the sample period.  

This is in line with “Owner occupied houses”, “Subsidized houses” and “Agriculture” having somewhat higher 

risk than the aforementioned groups. These groups generally have the ability to take out higher LTV loans, 

meaning that their riskiness must also be priced into the bonds somehow. Finally, the “Social and cultural 

purposes” group appears to be the category with the most risk priced into the bond value. However, the large 

positive estimate could be somewhat spurious, since this category only makes up between 0,1% and 2% of the 

collateral distribution in any fund at any time. This effect is therefore not deemed very important for the final 

model and its conclusions, although we still find its presence to merit some value according to the final AIC and 

BIC scores. 

The overall conclusion with regard to the collateral distribution is that higher risk based on the choice of main 

collateral has been rewarded throughout the sample period, due to the lack of default events. This is in line 

with efficient markets, where higher returns are only gained through increased risk taking and this has paid off 

in this period. The implication is thus that investors in Danish covered bonds should consider what sort of 

collateral they are interested in being exposed to, as it can have a sizeable impact on their returns given 

qualified forecasting of future economic conditions and default rates. 

13.2.5 Loan Size Distribution 

The estimates within this category are all significant. What is interesting is that it does not seem as if the model 

can distinguish adjacent groups. This means that we are left with groups that are small, medium and large in 

loan size. Interestingly, the large group that has been shown to be connected with loans in the “Other” 

category is not estimated to yield expected outperformance. This could be due to the fact that the effect of the 

“Other” collateral category is already capturing default risk, as previously discussed. The large loan size variable 

thus might explain something different. 

As has been explained earlier, the larger the loan, the more sense it makes to prepay the loan since the relative 

costs of doing so is marginally decreasing with loan size. This could help explain why the estimate for the very 

large loans is negative. This does however not explain why the middle category has the largest positive 

estimate. When the maturity of the loans was evaluated against the loan sizes, we found that there were 

generally large exposures of the small loans in the very long (mostly Owner-occupied houses) and the very 
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short (loans that are almost paid back) maturities. This could help explain why the smaller loans estimate is 

overall positive without it being the most rewarded category. We argue that a possible explanation as to why 

the 20-50 mDKK category displays the most estimated outperformance is due to the fact that this category is 

highly correlated with the “Office and business” collateral category. The reason that we ended up removing 

this collateral category from the final model, was the similarity to the 20-50 mDKK group. This means that the 

effect of the 20-50 mDKK group could be due to it capturing both of the groups that on an individual basis 

indicated positive and significant outperformance.  

Looking at the volatility of loan size weights in the cover pool of the small and medium sized groups (1,97% and 

0,82% respectively), it can be argued that the size of the estimate is simply due to the smaller overall moves in 

the medium category. In order to make these groups hold the same merit in explaining outperformance, a 

larger estimate is needed for the medium group in order to achieve the same expected change in the excess 

returns when the variable moves proportionally with the small group. 

Overall, it indicates that when we remove the effects of duration, underlying interest rate level, LTV and 

collateral, investors have still been compensated for taking on loans in the middle and small sized category in 

this sample period. This could both be linked to prepayment profitability, risks and correlation with other 

excluded groups. We argue that it is perhaps more interesting to simply focus on the sign instead of the size of 

each estimate in the case of the loan size variables.  

13.2.6 Expense Ratio 

The expense ratio is the only fund characteristic that has been compensated in the analyzed period. One can 

think of fund size and manager tenure as variables that do not make economic sense to be compensated for, 

unless it leads to better investment strategies. We saw that large funds and long tenured managers generally 

were more exposed to duration and this could explain why they are not significant when we control for this 

variable. We cannot distinguish whether this is the result of carefully selected strategies or general fund 

characteristics, since we only observe a decreasing interest rate environment and thus cannot isolate the 

ability to reverse the trade in other scenarios.  

We now focus our attention on the expense ratio. What is interesting is that all three estimates are significant, 

indicating that the relationship between outperformance and expenses seem to have the non-linear 

relationship previously observed. This means that the fund performs differently depending on the level of 

expenses, even when all other factors are accounted for. Put differently, we find that the funds yield greater 
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performance when expenses are increased up until a turning point, from which higher expenses indicate 

decreasing performance. What could be extracted from this result is that the funds that demand higher 

expenses than the lowest level, and not in excess of some higher level, are successful in selecting 

outperforming bonds besides what is commonly rewarded. Looking at this in a general perspective, we have 

found indictors of expense justification for some funds in the lower, but not the lowest, end of the expense 

scale. This could indicate some level of skills that are rewarded in the Danish covered bond market. There is still 

however the issue of causality that is not fully accounted for, since the variable is observed ex post. It could just 

state that the higher expenses demanded are a result of previous outperformance based on either luck or 

skills. In this regard, we argue that the funds that have slightly higher expenses than the lowest ones have 

shown performance that can justify the increase in expenses, whereas higher expensed funds do not seem to 

have proven their expense ratios defendable. The expense ratio is thus valuable to consider for investors, as 

simply selecting the cheapest fund does not necessarily result in the best performance. 

13.2.7 Insignificant Intercept 

In the model we find that the intercept is insignificant. We argue that in the context of a model that describe 

excess returns, the intercept can be thought of as the alpha of the fund. The alpha is the ability to create excess 

returns beyond what is predicted by the model. In the context of efficient markets, the insignificant alpha 

indicates that beyond the characteristics included in the model, there is no unexplained source of excess 

returns. We can therefore argue that the model seems to have caught the essential indicators of 

outperformance in the sample period. We argue that the final model includes factors that are rationally 

compensated through increased risk taking. 

One of the concerns in regards to the given model is the low adjusted R2 (6,2%).  This implies that only around 

6% of the variation in the excess returns is described by the variations in this model. This could indicate that 

the model still leaves out important explanatory variables. One could also view this low explanatory power as a 

result of the efficiency of the Danish covered bond market. If we could find a model that significantly described 

the excess returns, we would have a clear breach of the efficient markets hypothesis. As mentioned before, we 

argue that the included factors are compensated risk exposures in the sample period. In conclusion, we find 

that the efficiency of the Danish covered bond market is high, which emphasizes the importance of fund 

selection based on thorough research. 
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13.3 Stress-testing the Model 
This section tests the model that has been defined in this thesis. Firstly, we go through the model assumptions 

in order to determine the validity of the model estimates. We then look at whether the model still displays 

relevant conclusions when we take the CLI indicator into account. This could possibly underline the conclusions 

as well as help explain how the model reacts and conclude in other macroeconomic environments going 

forward. Lastly, we use the model to find outperformers through evaluating all funds with the model and using 

the top three and bottom three funds to check the consistency in picking winning/losing funds in the long-run 

with the model.  

13.3.1 Testing the Model Assumptions 

An important issue to raise when using a model is whether the underlying assumptions are fulfilled. This can 

help validate the conclusions. When using a multiple linear regression, 5 assumptions must be met. These are 

tested separately below. 

13.3.1.1 Linearity 

The first assumption for this model is that there have to be some kind of linear relationship between each of 

the independent variables and the dependent one. This is checked qualitatively by inspecting plots of each of 

the variables included in the model against the excess returns. The plots can be found in appendix 11. We 

argue that there does not seem to be any reasons to doubt the linear relationship between each of them. This 

is not to say whether the relationship seems strong or not, but rather to argue that there is not a different kind 

of relationship observed, such as a logarithmic relation. The only variable that could look like a non-linear 

relationship is the expense ratio. The line is, within reason, shaped like a third degree polynomial. This is why 

the expense ratio is included both squared and cubed. When these terms are included, we expect the 

relationship between these three variables and the excess returns to be linear. Overall, this assumption is 

deemed to be fulfilled. 

13.3.1.2 Normal Distributed and Independent Errors 

This examination is done in two steps. Firstly, we look at the normality in the distribution of the residuals. By 

overlaying a normal distribution on the residuals, as seen in appendix 11, we argue that this assumption is met 

to a large extent. We find only small and unimportant deviations from a normal distribution, which is to be 

expected when working with real market data. 

Secondly, we check the independence of the error-terms in regards to the independent variables and this is 

again performed qualitatively. The results can be found in appendix 11. What we are looking for is any kind of 
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patterns that could suggest that there are correlations between the remaining errors and the variables 

included in the model. This is also referred to as omitted variable bias. We argue that there seem to be 

dependence in the LTV and the 2-5 mDKK group with larger values of the variable being correlated with greater 

variation in the residuals. Furthermore, the >100 mDKK shows this pattern, although with a reverse sign. We 

argue that in areas where there are many observations, it is natural to expect more outliers, as the distribution 

becomes more complete thus capturing tail events. However, we do note that this is a possible problem, where 

especially something correlated with LTV and excess returns could be expected to exist. We argue that 

demographics of the individual loaner are an important factor to consider. Since it has not been possible for us 

to obtain this in regards to this thesis, we have no way of including it in the model. Though, we note that this is 

something that perhaps should have been included to remove possible omitted variable bias.  

To briefly conclude, we find that the assumption of normally distributed and independent error terms is 

somewhat fulfilled, with omitted variable bias related to the LTV being a possible concern. 

13.3.1.3 Homoscedastic residuals 

This assumption states that the residuals in the model should have constant variance throughout the sample. 

We test this through both a visual and a more quantitative White’s test. The visual test is done on the graphs 

found in appendix 11. There appears to be a slight “trumpet” shape, indicating changing variance in the 

residuals when they are plotted against the predicted returns. To back this visual test, the White’s test is 

conducted. We estimate an R2 in a linear regression explaining the squared residuals by the predicted returns 

of 0,0475 which give a test size of 110,34. The critical value at a 95% confidence limit is 3,84 in a Chi-square 

distribution. This means that we reject the null-hypothesis of homoscedastic residuals.  

This is a clear breach of the assumption and we therefore must look at what impact this is expected to have on 

the validity of the model conclusions. Having heteroskedastic residuals in the model does not bias the actual 

estimates given and the conclusions does therefore not change. However, the OLS estimators are no longer 

BLUE (Best Linear Unbiased Estimator) and we expect the variances to differ. This has an effect on the standard 

error and thereby our conclusions in regards to the significance tests made. There is a chance that we have 

included estimates that are not significant. 

Overall, this breach of an assumption limits some of the conclusions given and might question some of the 

estimates’ significance. However, since the estimate values are still valid, we should be careful not to throw out 
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the entire model just because of this, as it is commonly observed in empirical data (Stata, 2003). Rather, 

readers should interpret the model estimates in the light of this possible bias in the coefficients. 

13.3.1.4  Intra-correlation between the Residuals 

It is important that there are no patterns left in the residuals, as this could indicate that explanatory variables 

are left out. When looking at the residuals plotted against both the row number and predicted values in the 

testing appendix, there does not appear to be any particular patterns or autocorrelation in the errors. Thus it is 

concluded that this assumption is satisfied. 

13.3.1.5 Perfect Multicollinearity 

When dealing with a multiple linear regression, there cannot be strong correlation between several of the 

independent variables, as they might explain the same variation in the dependent variable. This can lead to 

them jointly being insignificant, whereas including only one can increase significance. Choosing an absolute 

value of 80% in correlation as the cutoff point, we find two pairs of variables that have higher correlation than 

this threshold. “Private rental” and 20-50 mDKK (0,8060) as well as 2-5 mDKK and >100 mDKK (-0,8594). We 

use AIC and BIC to decide whether one of the variables should be removed from the model. From the first pair, 

the 20-50 mDKK group is the least significant. From the second pair it is the >100 mDKK group. Removing the 

mentioned category from the model leads to lower AIC and BIC for both cases (AIC: -18917,3 to -18912,1 and -

18913,7 respectively). We therefore argue that despite this significant correlation they should still both be 

included in the model. This also indicates that multicollinearity is not an issue in the final model.  

13.3.1.6 Test Conclusions 

To briefly sum up what we have found by testing the model assumptions, there is only one major concern. This 

is the assumption of homoscedastic residuals that is breached in this model. This has an effect on the 

hypothesis testing that has been used to indicate significance of the estimates, however it does not move the 

estimates themselves. All in all, we believe that the model conclusions can be largely trusted, although this 

breach is important to consider. 

13.3.2 Adding CLI 

To test how the final model functions under different economic regimes, the sample data is divided based on 

the CLI phases previously used. After separating the data, the final model is estimated again for each economic 

phase. The results can be found in appendix 12. The immediate result is that several variables become 

insignificant when sorting on business cycles. This is most evident during positive expectations phases 

“Expansion” and “Recovery”, where mostly the LTV and small loans matter when deciding on which fund to 
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select. Surprisingly, increased interest rate exposure does not provide greater expected excess returns during 

an “Expansion” phase, while the interest rate risk conclusions from previous sections hold for the “Recovery” 

phase. Considering the ‘negative expectations’ phases “Slowdown” and “Downturn”, it is seen that more 

variables still hold significant explanatory power. The interest rate exposure behaves as expected and the 

choice of collateral and loan size overweight is again important in these phases with the same coefficient signs 

as prior conclusions. Finally, for the “Downturn” phase, the expense ratio of the selected funds correlates 

linearly and positively with excess returns. This might imply that given periods with changing expectations with 

regard to the future, it is worth investing in more expensive funds as they are better at navigating the 

economic changes. 

Based on this analysis, it appears that the final model performs the best during periods of economic 

uncertainty and pessimism. This is in line with the arguments presented in the “Macroeconomic Indicators” 

section above, which presents the idea that bonds perform better during ‘down’ periods as they are regarded 

as being safe assets. The model found in this thesis is thus able to assist investors in navigating the Danish 

covered bond fund selection process during poor economic conditions, which is exactly when bond 

investments are interesting, as seen in the safe haven argument previously discussed. Interestingly, by sorting 

the data on the CLI phases, the adjusted R2 increases to approximately 20% during “Downturn” phases, which 

can be considered a high degree of explanatory power when seen in an efficient markets context. 

Finally, it is important to mention that the CLI indicator does not capture all aspects of future expectations. This 

limits its ability to predict bond performance in different environments than what is observed in the sample 

period. Thus it is still interesting to evaluate the final model without segmenting the data based on business 

cycles.  

13.3.3 Does the Model Capture Outperformance? 

This section tests the performance of the model, by using it to find outperforming funds at the beginning of the 

sample period. This is an in-sample test that suffers from different sources of biases that will be discussed later. 

For now, we perform the test since it still indicates whether or not the model is successful in finding those that 

outperform in the long run. We use the model explained earlier to assign scores and a ranking to each of the 16 

funds that had data at the beginning of 2011 based on their characteristics at this point in time. From this 

ranking we plot the development in the return indices together with the development in the benchmark index. 

This gives us the following picture, where each fund color is kept the same as in figure 9.1 for comparison: 
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What is obvious is that the model has not only identified funds that outperformed the benchmark but also 

those underperforming it. This validates that the model found in this thesis can point out the important 

indicators of outperformance in this sample period. In other words, we have results that suggest that we have 

captured the relevant sources of profit amongst funds in the Danish covered bond market in this 6-year period.  

It does however not state that the model will have the same success going forward since there are multiple 

sources of biases that one needs to take into account. This is what the next section explores. However, to sum 

up, we have found a model that shows persistence in picking winners/losers in a sample period where the 

underlying macroeconomic environment have developed as analyzed earlier. The goal of this thesis has not 

been to predict future performance of funds, but rather to find indicators of bond outperformance in the 

sample period and we argue that the model achieves this to a large extent.  

13.3.3.1 Tracking error and Active Management 

To sum up the discussion on the final model presented and the stress testing made on it, a brief discussion on 

the tracking error and value of active management is made.  
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Rank Tracking Error

1 0,75%

2 0,68%

3 0,56%

4 0,59%

5 0,28%

6 0,32%

7 0,43%

8 0,60%

9 0,29%

10 0,20%

11 0,34%

12 0,48%

13 0,30%

14 0,26%

15 0,29%

16 0,18%

The notion of Active Share has become increasingly implemented in financial literature as a way of measuring 

the extent of active management that a fund does. Active share calculates the deviations in each security 

holding between the fund and the benchmark. Unfortunately, it has not been possible to get data on the 

benchmark holdings for this thesis, meaning that the calculation of Active Share cannot be made. Instead, the 

tracking error is used as a proxy, to indicate the level of active management by 

considering how the total returns for each fund deviates from the benchmark.  

Looking at figure 13.1, which shows fund performance for the sample period, it 

is obvious that the funds outperforming the benchmark is much more volatile 

than those underperforming it. The model ranking and tracking error is 

reported to the right. 

This can be interpreted in two ways. Firstly, the funds that outperform have 

security selection and timing skills and take high conviction bets that seem to 

work in the long run. Secondly, the funds that outperform in this sample have 

generally taken on more risk through, for example, higher duration and have 

been rewarded on average through this sample period. Going back to the 

model that has been presented in this thesis, there does not appear to be any 

indicators of security specific variables that explained outperformance without 

an increase in overall risk taking. We therefore argue that it seems as if the 

second explanation is true, although we cannot deny the presence of the first explanation as well. It has 

already been shown that the sample period has been characterized by falling interest rates and no bond 

defaults and we therefore believe that the higher performance have been due to having higher exposures to 

these risk factors compared to the benchmark. If this is the case, then we do not expect the funds with the 

found characteristics to outperform in the future, should the interest rate increase instead.  

13.4 Possible Biases 
There are several sources of biases in regards to the model presented. This is both in regard to the data 

collection, estimation process, the interpretation and the testing.  

When choosing variables to examine, it is important to consider whether inclusion of these variables has any 

economic reasoning with regard to the dependent variable in question. In the context of this thesis, 

continuously producing economic rationale behind all the examined variables is done to prevent datamining 
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issues. Datamining bias arises from the simple statistical fact that if 20 variables are considered at a 95% 

confidence level, it would be expected that at least one of these variables is significant as a result of 

randomness. Given that there is evidence of heteroscedasticity when testing the model assumptions above, 

spurious significance is an important bias to consider in this thesis. This also means that when a significant 

result is found, it is not a valuable result before a robust economic reasoning behind the significance is 

identified. As mentioned, this thesis has aimed to always rationalize the empirical results although this has not 

always been possible. An example of this is the significance of the social and cultural collateral in the final 

model. There is no immediate good reason why this type of collateral yields positive excess returns and it is 

thus not possible to deny that this result may be spurious. This leads into omitted variable bias, as there may 

be more important underlying factors that are strongly correlated with social and cultural collateral. Inclusion 

of these underlying factors would remove the explanatory power of the social and cultural collateral. As has 

been described throughout the thesis, Danish covered bond fund performance is a complex matter to model 

due to a large array of factors affecting prepayment, interest rate and fund behavior. The complexity of this 

area has the consequence that it is difficult to identify and include every single important factor. The result is 

potential omitted variable bias, in which included variables are correlated with other variables that are not 

incorporated into the final model. An example of this could be the highly robust LTV measure. Referring to 

appendix 11 (17.11.3 LTV Chart), it can be seen that the dispersion of the excess returns grows as the LTV 

increases. This may imply that there are certain factors outside the model that drives excess returns, while also 

being correlated with the LTV measure. An important group of variables to consider with regard to the omitted 

variable question is demographic information. Including demographic data would increase the granularity of 

the analysis, as inclusion of demographic data would allow for further segmenting of most other cover pool 

variables. This is however left out due to the scope of this thesis, although further research might delve deeper 

into this. 

Another common bias to consider is backfill bias. This bias occurs when poorly performing funds choose not to 

report their returns or holdings. The result is a positive bias in the average performance of the funds being 

examined. In relation to the data used for this thesis, it is argued that this is not a significant source of bias. This 

is because the funds in the data sample are open-ended and covered by the Morningstar database. Thus at 

least the returns of the funds are derived either from the fund itself or from a third-party data provider. 

Survivorship bias is also worth mentioning. This phenomenon produces a positive bias just as the backfill bias 

and it occurs when poor performing funds shut down and are subsequently fully removed from the data 
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sample. The result is that the worst performers are excluded from the analysis, despite being possible 

investment opportunities up until they closed, thus removing the lower ‘tail’ of the performance distribution. 

For the data used for the analysis section above, this bias is evaluated to be insignificant. This is because since 

the start of the sample period, we have only observed new fund entries and no fund exits according to the 

Morningstar database. Thus it is argued that survivorship bias does not have an impact on the results found in 

this thesis. 

Implementation of the model results have to be evaluated in the economic context of the sample period, as 

the analysis only derives rewarded factors in the sample context. This leads into the time horizon of the data, 

which imposes some difficulties with regard to making forward-looking statements. The length of the data set 

is not ideal when considering fund returns and trying to identify factors that have persistently explained 

outperformance. A longer sample including different regimes and market conditions would be desirable, as it 

would help build robustness of the results. For example, the general yield level throughout the sample has an 

almost constant downward tendency, as can be seen in Figure 10.3. This in isolation means that high duration 

funds should outperform their fellow funds, as is also found in the results presented above. Therefore, the 

results are mostly relevant in explaining what characterizes funds that outperform in these kinds of markets 

and there is little way of concluding if outperformance will continue in a different economic environment. Just 

prior to the sample period start, there has been a significant financial crisis. This is also important to consider 

when looking at the returns. This could have the potential of disrupting the picture of bond fund performance, 

since this event is relatively rare and is perhaps overrepresented in the sample. It means that the sample 

period is mostly characterized by a recovery and general improvement of the economy. Lastly, relating to the 

omitted variable bias, it may be that a different set of variables hold stronger explanatory power as the 

economy progresses. Concluding on this paragraph, it is imperative to consider whether there have been 

changes in the economy before using the results of this model.  

To touch upon the choice of benchmark, a common benchmark is selected as it ensures comparability between 

the excess returns. However, this may also disrupt the picture, since the funds have varying duration and other 

risk goals that they try to achieve. Comparing them on the same benchmark might give a fund with larger risk 

limits or higher overall duration an unfair advantage when evaluating returns. This is why each fund is also 

regressed against explanatory variables such as duration and realized losses of the cover pool. It is a way of 

trying to remove the differences in the funds, so that only their choice of securities explains the remaining 

returns. Furthermore, the total costs of the funds are left out when evaluating the performance of the sample 
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funds. The costs of investing vary from fund to fund and as such may have an important impact on the final 

return to the investor. As is described in the literature review on active management, there is significant 

evidence that after-cost returns are comparable or below the benchmark return, with one study finding that 

efficient manager selection may lead to positive after-fee returns above the benchmark. Including an analysis 

of the after-cost returns would thus yield more informative results, although the availability of all cost data is 

limited. For example, load fees and performance fees for most funds have been unavailable. Thus this type of 

analysis is not conducted in this thesis, as only including partial cost data may introduce bias into the results. 

In conclusion, the model explains historical factors that have been rewarded in the sample period. The final 

model correctly selects the top 3 and bottom 3 funds, although it is important to note that this is only an in-

sample test. The model is not forward looking in nature and it incorporates few predictive factors. An attempt 

to make the model more applicable for different economic environments, the final model is investigated based 

on the four CLI business cycles, as is seen in appendix 12, where it is found that some of the model results are 

robust over the CLI-predicted phases. Despite this, the real world is more nuanced than a single forward 

looking compound measure and further analysis of the model in different regimes is thus warranted. 

14 Further Research 
Before we conclude on the thesis, a section is included which looks outwards and explores how future research 

can help develop the subject of this thesis.  

In this thesis, the focus has been on identifying what factors that funds in the Danish covered bond market 

have been compensated for in the past. This of course leaves the question open as to whether these factors 

will hold in the future and in a changing environment. There are currently very little new return data available 

that will make us able to test the model out-of-sample. Furthermore, there has not yet been a long period of 

overall interest rate rises and changing macroeconomic environment to make any conclusions on which 

variables, if any, that can indicate outperformance consistently over time. Our conclusion is that there have 

been rational rewarded performance of those taking large risk bets when there have not been any extreme 

events in the sample. However, we cannot say much about whether the funds that outperform in the sample 

would also be able to reverse their trades in case of a different economic development. If some funds were 

able to do this consistently, then there would be value to active management in this market. This is definitely 

something that we as the authors could imagine being interesting to analyze when market conditions change 

sometime in the future.  
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Another point that we raise in this thesis is the lack of demographic data. As described earlier, this could be the 

reason that we find some problems with the omitted variable bias assumption with respect to LTV. Someone 

with access to these more specific variables could attempt to implement that extra level of granularity into the 

given dataset in this thesis and potentially alleviate omitted variable biases, leading to more trustworthy 

conclusions. Furthermore, by including demographic data, this model could capture more broad effects in that 

it could explain how a new loan applicant could fit into a larger and more sellable cover pool that is demanded 

by funds. This could also replace some of the perhaps opposite effects found within some of the groups of 

collateral and loan size. For example, we could not distinguish small loans that were made for private 

borrowers and those who were small due to low maturity left on the loans.  

Throughout, we have argued that investors have been awarded for taking on risks in both the interest rate 

sensitivity and the underlying characteristics of the cover pool. We saw that only the LTV was significant 

through each CLI phase, indicating that the riskier loans have generally been rewarded as there has not been a 

default event. Furthermore, we have found that the use of higher duration bonds has been a positive attribute 

in a falling interest rate environment.  

In the description of the Danish mortgage system, it was compared to that of the American system. It was 

argued that the interest rate sensitivity was a more significant factor when predicting prepayments in the 

Danish system, since the loans can be transferred in case of a house being sold. This is what we have also seen 

in the model that we present. This means that the model is hard to implement in the American market. 

Through the ECBC label, most of the European covered bond markets are sought aligned. This means that even 

though there are some minor differences to other covered bond markets, there are still a lot of similarities 

(ECBC, 2017). We therefore argue that the model, or at least parts of it, can still be applied to these other 

markets. The Danish system is perhaps the most robust relative to other European countries with no default 

events observed. An idea could be to extend the analysis to try to predict a Danish default event, in order to 

determine if the stated default risk presented in this thesis is fairly priced. We argue that this could be a way of 

trying to price the Danish covered bonds when we take account for the effects that are specific to the Danish 

system.  

An aspect of the market that has not been looked into in this thesis is the regulatory framework and the 

investors situated in the Danish covered bond market. It is beneficial to include such regulatory rules in the 

analysis as this can help explain why some trades have been successful in the past. In other words, to examine 
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whether regulation introduces inefficiency into the market. One rule that comes to mind when thinking of 

other types of investors present in this bond market is that of rating requirements for investors under the 

Solvency II rules. This states that investors are punished for holding bonds that are rated lower than “AAA” 

(Deutsche Bank Research, 2011). This means that pension funds and insurance investors would have to sell off 

bonds when their ratings are downgraded, leading to price drops that are perhaps not entirely justified from 

just the lower rating. Buying these and holding them to expiry may be a form of persistent trade that 

outperforms. It is therefore interesting to include this regulatory idea when looking at implementing trading 

ideas and strategies in the future that our model cannot identify.  

Another case of a trading strategy based on differences in regulations is the choice of bond series. In the Basel 

III rules that banks have to follow, the Liquidity Coverage Ratio (LCR) incorporates bonds which can quickly be 

converted into cash. This means that banks are only able to hold a certain amount of bonds that are lower than 

level 1 when building their LCR. In order for a bond to achieve this category, an important factor is the size of 

the bond series. In order to classify as a category 1, a minimum series size of 500 mEUR is needed (Eckhardt 

and Roosebeke, 2015). This means that investors who know that a certain smaller bond series is about to have 

an additional issuance of bonds and thereby reach this size can buy bonds in the series and sell them off as 

soon as the banks start demanding them on the other side. In this thesis, we have focused on the outstanding 

amount and other variables of the cover pool. However, we have not included factors such as the bond rating 

and series size. This could be an interesting case to look at, since there are possibilities of some consistent 

investment strategies, which could potentially be condensed into a new explanatory factor when selecting 

funds in the Danish covered bond market. 

15 Conclusion 
In this thesis we explore the Danish covered bond market and what has characterized fund performance. The 

Danish covered bond system is characterized by being a highly robust and safe system through the balance 

principle. Most of the cover pools included in this thesis are rated AAA and there have not been any defaults on 

a covered bond throughout the sample period. The Danish system differentiates itself from the American 

system through personal liability for the mortgage and the transferability of the loan. This means that 

prepayments are primarily driven by interest rate developments, whereas in the American model, the labor 

developments and demographics are more important to consider. 
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We use variables pertaining to the overall macroeconomic environment, the individual fund characteristics, 

security specific details and the cover pool traits in order to explain the main drivers of fund performance 

above the benchmark. This analysis is conducted through a cycle of theoretical foundation, empirical analysis 

and economic reasoning in order to capture, understand and validate the results. Examining the variables on 

an individual basis reveals an array of significant effects. However, as we combine these effects into a unified 

model, a lot of the input variables prove insignificant as they capture the same aspects of fund performance as 

other included variables.  

The final model that we present contains aspects of all major variable areas considered. Of the macroeconomic 

variables, the interest rate level is included since it captures the underlying pricing of the bond, with lower 

interest rates leading to higher returns. This can be seen in a context of generally falling interest rates 

throughout the sample period. The expense ratio is included as the only significant factor for fund 

characteristics. It proves significant when included in a non-linear matter, indicating an optimal expense ratio 

range which is slightly higher than the minimum observed ratio in the sample. This is somewhat in contrast 

with earlier research that suggests that low expense funds are the best performers. The duration and convexity 

were both included as control security specific variables, although only the duration proved important, despite 

the expected negative convexity effect when interest rates fall due to the prepayment behavior in the market. 

Examining the cover pool data yields many important results. These results include the underlying collateral 

type, the loan size, previous realized losses and LTV. We argue that being more exposed to riskier cover pools 

have yielded greater performance above the benchmark, as investors have harvested the risk premia for 

holding these, while no bond default has occurred. Specifically, the cover pools that have high LTV have 

consistently produced higher excess returns even when controlling for business cycles and interest rate 

sensitivity in the model. Furthermore, we argue that large loan size has contributed negatively to fund 

performance as a result of prepayment risk. 

The intercept of the model is insignificant, indicating that there are no other excess returns or alpha left when 

controlling for the given variables. This is in line with the hypothesis of efficient markets for Danish covered 

bonds. 

All the results are argued to be economically significant, since they capture the interest rate development and 

sensitivity as well as the underlying riskiness. The factors that most explain fund performance is thus found to 

be the interest rate risk captured by the duration and the default risk mostly found within the LTV measure.  
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It is important to realize that the ability to achieve excess returns is a function of being able to correctly 

position the investments according to the realized environment. This means that the fund should be able to 

forecast the development in interest rates, bond defaults and prepayment behavior and position itself relative 

to the identified risk factors in this thesis. The ability of the top funds to be able to reverse the trades when the 

economic environment changes are thus what characterizes truly outperforming funds. With the given dataset, 

we are not able to distinguish whether some funds are able to do this, since no defaults have occurred and 

interest rates have been consistently falling throughout the sample period. 

The model that we propose proves successful in identifying in-sample over- and underperformers. It is however 

important to consider which assumptions underlies the model. We find that the assumption of no omitted 

variable bias is violated. This is in relation to the LTV and we argue that the problem is related to the lack of 

demographic data included in the model. Furthermore, the assumption of homoscedastic residuals is proven 

wrong, although this only affects the significance tests and not the actual estimates. Still, the model can be 

regarded as being overall significant and we argue that with the economic discussions included, the estimates 

can be regarded as valid.  

While the selection model that has been determined in this paper successfully identifies in-sample 

performance, it is imperative to consider the context in which these conclusions hold. It is argued that the time 

horizon of the sample data does not capture several economic regimes, while also being strongly affected by 

the recovery following the financial crisis. The result is that the selection model may only function given the 

expectations and realizations in the sample period. It cannot predict how funds will perform under other 

circumstances, although the model may provide suggestions as to important factors to consider when selecting 

funds to invest in Danish covered bonds. We thus encourage further research in efficient fund selection in the 

Danish mortgage market under different conditions, in order to obtain a broader validity of the factors and gain 

better insight into which of them truly are robust over time. 
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17 Appendices 

17.1 Appendix 1 – Going through the steps in details 

17.1.1 Step 1 

A screening for fixed income funds invested primarily in Danish covered bonds is done using Morningstar 

Direct. This screen is then filtered by crosschecking the funds with Bloomberg, in order to make sure that both 

return and holdings data are available.  

Funds that did not have any entries in the Bloomberg database were removed from the sample. The funds that 

had multiple “share classes” were filtered on two criteria:  

- Whether the holdings were the same 

- Whether their return series were strongly correlated 

For pairs of funds that fulfilled both criteria, the fund with the highest (closest to A alphabetically) share class 

was chosen. The final list of funds used in this thesis can be found in appendix 2. 

17.1.2 Step 2 

Once a final list of fund ISINs has been found, holdings are retrieved from Bloomberg on a monthly basis from 

January 31, 2011 through December 31, 2016. This is due to the fact that the portfolio holdings function in 

Bloomberg only allows holdings data from January 2011. For each security in the holdings on a given day, their 

ISIN and the number of each security held by the fund is reported. This holdings data is used to link between 

each fund and its underlying security and cover pool characteristics. An example for the fund “ALM. BRAND 

INVEST KORTE OBLIGATIONER” on February 29, 2016 can be seen in appendix 3. 

17.1.3 Step 3a 

Cover pool data is hand-collected from ECBC templates provided by each mortgage lender. This data contains 

information on the outstanding amount, average loan size, LTV (%), overcollaterization, realized losses, 

geographical and collateral distributions as well as maturity, loan size and type distributions. This is done on a 

quarterly basis, where reports are available. An example of the collected data on Marts 31, 2016 is shown in 

appendix 4. 

17.1.4 Step 3b 

The data specific for each security is collected through Bloomberg. A VBA code is written that goes through all 

holdings at each time period, for all funds. This gives us a list of unique ISINs. This code can be found under the 
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name “GetDistinctISIN” in the code appendix 6. Once this ISIN list is in order, a database of security specific 

data is created by collecting data on these securities on a monthly interval from Bloomberg. An example of 

how this database looks like is given in appendix 5 for a selected number of products on February 29, 2016. The 

unavailability of fields is often because the bond at the given data has matured, has not yet been issued or 

because the fields do not apply to that kind of bond. The funds often do not hold large amounts of the bonds 

with lacking data, which means that the final dataset does not suffer much from missing observations. 

17.1.5 Step 4 

Following the collection of the above data, each file containing data is structured in a way that allows for a 

programming solution. This program merges all data into a single file. The programmatic approach to merging 

these datasets allows for larger datasets, while also ensuring a consistent transfer of information. The codes 

used to merge this data are found in the code appendix under the names “ImportSecurityVariablesToHoldings” 

and “ImportCoverPoolVariablesToHoldings”. 

In order for the variables in the final dataset to properly reflect the sample funds, all cover pool and security 

specific variables are asset-weighted based on fund holdings at a given period in time. This means that each 

variable, be it cover pool or security specific, is checked against price data as well as the actual variable’s data 

for each specific security that the fund has at that time. If both data points are available at this time, it is 

weighted based on its market value out of all the fund’s holdings that also have both data points available at 

that time point. The market value is calculated as the “MID_PRICE” times the position that the fund has in that 

particular product at that time. This means that the weighting scheme changes for each variable depending on 

data availability.  

This method improves the completeness of the data, as a full dataset is not required to calculate each data 

point. The amount of observations behind each asset-weighted data point varies flexibly, where holdings with 

missing data are omitted from the weighting scheme for that specific variable. On average, we can link 70,51% 

of the underlying variables on cover pools and security specific data with its corresponding bonds. We believe 

that this is a sufficiently high percentage in order to arrive at proprietary conclusions between fund 

performance and holdings characteristics. 

Special cases are implemented for the duration and option-adjusted spread (OAS) data. In the case that the 

first priority of duration data (“DUR_ADJ_OAS_MID”) is unavailable, the second priority is used 

(“YAS_MOD_DUR”). This second priority represents data that is calculated by sending a query to Bloomberg 
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asking to determine the duration at a given time in the past based on an input price. The same approach is 

used for the OAS, where the historical OAS (“OAS_SPREAD_MID”) is preferred over a calculation query to 

Bloomberg (“YAS_OAS_SPRD”). This results in a final dataset that has consistent data, though at the expense of 

introducing a possible bias in each data point estimation since the two methods vary a bit in the way they are 

calculated. The code that collects all the data into one dataset can be seen in the code appendix under the 

name “CalculateFinalVariables”.  

17.1.6 Step 5a 

For the funds, we find fund level data such as expense ratios, fund size and management tenure using the 

Morningstar database. Because this database does not allow for earlier records of these variables, they are 

taken as fund specific data and are insensitive to calendar time changes. This means that the fund specific data 

is only available for January 2017. This is however not entirely justifiable for a variable such as management 

tenure, since it is time dependent. However, due to the lack of data, we assume that these variables are valid 

in order to make any analysis of their predictability of fund returns. Variables such as fee ratios are much more 

stable through time and it is therefore more reasonable to assume that these are valid for the fund over time.  

17.1.7 Step 5b 

Fund return data is downloaded from Thomson Reuters Datastream and Morningstar, while benchmark returns 

are downloaded from Bloomberg. Because the post-screening funds include two dividend-paying funds, 

adjustments are made to make the returns comparable. An assumption is made that on the day of a dividend 

payout, the return of the fund is zero. This implies that the full return on that specific date is assumed to be a 

dividend, which possibly eliminates non-dividend returns that also occurred on that date. This assumption is 

made as it is not possible to decompose the return effectively given the acquired dataset. This adjustment is 

made to the two funds “Maj Invest Danske Obligationer” and “Nykredit Invest Lange Obl”. The resulting impact 

on the funds’ total return index is as follows: 
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As seen in the graph above, adjustments are made three times for each fund and have a significant impact on 

the indexed performance. Once the adjustments are made, excess returns over the benchmark are calculated 

for each fund and for each month. The choice of benchmark is evaluated upon in the data section below 

17.1.8 Step 5c 

The macroeconomic variables are collected in monthly time series. They are merged onto the final dataset by 

matching the dates. This means that they are taken as fund insensitive, but calendar time dependent. 

17.1.9 Step 6 

The macroeconomic variables are merged into the final dataset together with the excess returns. This yields a 

dataset with 2.323 observations spread across funds and time. For each excess return observation there are 

corresponding variable data that has been linked throughout. This gives the complete dataset that will be 

analyzed upon. With this dataset in hand, a final review is conducted to identify invalid observations. Two 

observational dates are excluded due to corrupted holdings data. Specifically, “BankInvest Lange Danske Obl 

KL” on December 31, 2014 and “Danske Invest Dannebrog Mellemlange Obl” on November 30, 2016 are 

removed from the final dataset. The result is a proprietary dataset that is unique to this thesis. 
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17.2 Appendix 2 – Fund Names and ISIN list 

 

Fund name ISIN

Alm. Brand Invest Korte Obligationer DK0060232312

Alm. Brand Invest Lange Obligationer DK0015974778

BankInvest Korte Danske Obl Akk KL DK0060130318

BankInvest Korte Danske Obl KL DK0016109614

BankInvest Lange Danske Obligationer KL DK0016109531

Danske Invest Danish Bond A LU0012089180

Danske Invest Danish Mortgage Bond A LU0080347536

Danske Invest Dannebrog Mellemlange Obl DK0010078070

Danske Invest Danske Korte Obl DK0016290422

Danske Invest Danske Lange Obl DK0016105380

Danske Invest Eng Flexinv Danske Obl KL DK0060050987

Danske Invest Engros Kommuner 4 DK0016205685

Danske Invest Fonde DK0015989610

Danske Invest Online DK Obl Indeks KL DK0060175255

HP Invest Danske Obligationer DK0060227239

HP Invest Korte Danske Obligationer DK0060118610

HP Invest Lange Danske Obligationer DK0060141786

Handelsinvest Danske Obligationer DK0060040087

Jyske Invest Danish Bonds CL DK0016260003

Jyske Invest Korte Obligationer KL DK0010106111

Jyske Invest Lange Obligationer KL DK0015855332

Jyske Invest Obligationer Engros KL DK0060293298

Lån & Spar Invest - Korte Obl. DK0016113723

Lån & Spar Invest - Obligationer DK0015686554

Maj Invest Danske Obligationer DK0060005098

Monega Dänische Covered Bonds (I) DE000A1JSW48

Nordea 1 - Danish Bond BP DKK LU0064319766

Nordea 1 - Danish Mortgage Bond BI DKK LU0229519045

Nordea Invest Bolig DK0016023302

Nordea Invest Engros Korte Obl DK0016275118

Nordea Invest Engros Mellemlange Obl DK0016275381

Nordea Invest Fonde DK0060145183

Nordea Invest Kommune I DK0016066384

Nordea Invest Kommune II DK0016066111

Nordea Invest Korte Obligationer DK0060268506

Nordea Invest Korte Obligationer Lagerbe DK0060014678

Nordea Invest Lange Obligationer DK0060187342

Nordea Invest Mellemlange Obligationer DK0015168686

Nykredit Invest Almen Bolig Korte Obl. DK0016027212

Nykredit Invest Korte Obligationer DK0060033975

Nykredit Invest Lange Obl LTB DK0060009405

Nykredit Invest Lange Obligationer DK0060034007

SEB Danish Mortgage Bond C DKK LU0784737032

SEBinvest Lange Obligationer DK0060046951

SEBinvest Mellemlange Obligationer DK0016015639

Sparinvest INDEX Stabile Obligationer KL DK0060057487

Sparinvest Korte Obligationer KL DK0060105203

Sparinvest Lange Obligationer KL DK0060105393

Sparinvest Mellemlange Obligationer KL DK0060105476

Sparinvest SICAV Long Danish Bds DKK I LU0258536365

Sydinvest Danish Bonds B DKK Acc DK0060738672

Sydinvest Fonde KL DK0016271042

Sydinvest Korte Obligationer KL DK0015916225

Sydinvest Mellemlange Obligationer Akk DK0060585156
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17.3 Appendix 3 – Fund Holdings Example (ALM. BRAND INVEST KORTE OBLIGATIONER 

– 29/02/2016) 

 

  

Name # (P) Pos (P) Crncy (P) ISIN

ALM. BRAND INVEST KORTE OBLIGATIONER 33              

› Bonds 30              

DANSKB 2 01/01/17 8.000.000                       DKK DK0004130705

DGB 1 ¾ 11/15/25 5.000.000                       DKK DK0009923138

DGBI 0.1 11/15/23 16.000.000                     DKK DK0009922916

LANDBR 2 01/01/17 3.500.000                       DKK DK0006330972

LANDBR 2 10/01/17 7.000.000                       DKK DK0006332168

LANDBR Float 07/01/19 24.790.600                     DKK DK0006337043

NDASS 4 10/01/35 1.745.107                       DKK DK0002012780

NDASS 4 10/01/41 8.910.817                       DKK DK0002025170

NDASS 4 10/01/41 1.793.074                       DKK DK0002024876

NDASS 5 04/01/35 3.741.883                       DKK DK0002011386

NDASS 5 04/01/38 2.212.241                       DKK DK0002014216

NDASS 6 10/01/41 1.852.150                       DKK DK0002016856

NDASS Float 07/01/21 4.735.676                       DKK DK0002026731

NYKRE 2 04/01/17 7.100.000                       DKK DK0009788929

NYKRE 4 10/01/41 5.892.298                       DKK DK0009777724

NYKRE Float 07/01/21 22.464.441                     DKK DK0009778961

NYKRE Float 07/01/25 1.984.517                       DKK DK0009796351

NYKRE Float 10/01/17 1.959.686                       DKK DK0009796518

RDKRE 2 04/01/17 13.500.000                     DKK DK0009286312

RDKRE 2 10/01/29 10.607.174                     DKK DK0009289761

RDKRE 3 10/01/29 6.260.660                       DKK DK0009285777

RDKRE 3 10/01/34 971.789                           DKK DK0009285264

RDKRE 4 10/01/41 3.918.695                       DKK DK0009282329

RDKRE 5 10/01/17 1.089.173                       DKK DK0009265159

RDKRE 5 10/01/19 478.485                           DKK DK0009262487

RDKRE 6 10/01/37 857.361                           DKK DK0009272791

SPGB 0 ½ 10/31/17 900.000                           EUR ES00000126V0

SPGB 1.4 01/31/20 2.000.000                       EUR ES00000126C0

SPGB 4 ¼ 10/31/16 500.000                           EUR ES00000123J2

SPGB 5 ½ 07/30/17 1.100.000                       EUR ES0000012783

› Financials 3                

CMZB 0 ½ 04/03/18 1.250.000                       EUR DE000CZ40KN6

GS 5 ⅛ 10/23/19 1.000.000                       EUR XS0459410782

SANUK 2 01/14/19 1.000.000                       EUR XS1014539289
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17.4 Appendix 4 – Cover Pool Data Example (31/03/2016)  

 

N
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KK)
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D
KK)

LTV
 %
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3.290
                      

0,35
0,6460

Sparebank 1 Boligkreditt M
tge

141
                                                    

135.432
                 

1,04
0,5140

0,0860

BRFKredit O
ther Capital Centre

8
                                                         

3.461
                      

2,22
0,531

0,0260
0,01%

N
ykre Cap Cen C - U

ndisclosed
15

                                                      
29.585

                    
0,50

0,6460

N
ykredit Capital Center G

45
                                                      

42.448
                    

1,06
0,6170

0,2171
0,11%

D
N

B N
or M

tge
468

                                                    
428.033

                 
1,09

0,5520
0,4591

D
anish Ship Fin. G

en. Capital
43

                                                      
550

                          
77,58

0,68
0,2170

D
LR Kredit Capital Center G

14
                                                      

8.902
                      

1,61
0,5220

0,1030
0,04%

BRF Kredit Capital Center B
22

                                                      
14.728

                    
1,47

0,7170
0,1567

0,09%

N
ordea Kredit Real Cap Center

16
                                                      

17.764
                    

0,91
0,6490

0,0810
0,02%

Realkredit D
anm

ark Cap CenterT
466

                                                    
264.510

                 
1,76

0,634
0,0830

0,06%

N
ykredit Capital Center D

124
                                                    

78.233
                    

1,58
0,5630

0,0785
0,53%

N
ykredit Capital Center E

346
                                                    

266.463
                 

1,30
0,6490

0,0561
0,46%

Realkredit D
anm

ark Cap.CenterS
222

                                                    
151.603

                 
1,47

0,6050
0,0840

0,06%

D
LR Kredit Capital Center B

121
                                                    

50.541
                    

2,39
0,567

0,1580
0,04%

N
ykredit Capital Center H

568
                                                    

349.475
                 

1,62
0,6190

0,0484
0,22%

BRF Kredit Capital Center E
220

                                                    
117.247

                 
1,88

0,6320
0,0645

0,01%

N
ordea Kredit Real Cap Cent 2

375
                                                    

229.878
                 

1,63
0,6420

0,0980
0,02%

Realkredit Jydsk G
rundejerkred

0
                                                         

0,1800

Realkredit N
y Jydske Kjobstadc

0
                                                         

0,1630

Realkredit D
anske Kredit

0
                                                         

0,1600

Realkredit O
stifternes Kreditf

0
                                                         

0,3640

Realkredit N
ot Reim

bursem
ent O

17
                                                      

0,1180

Realkredit O
ther Reserves

56
                                                      

0,1020
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17.5 Appendix 5 – Security Specific Data Example (29/02/2016) 

 

ISIN
PX_M

ID
YAS_BOND_YLD

YAS_M
OD_DUR

DUR_ADJ_OAS_M
ID

OAS_SPREAD_M
ID

YAS_OAS_SPRD
CNVX_M

ID
Spread

CH0020669583
100,0

        
2,3345

                                   
0,9898

                                 
1,0002

                                             
321,2283

                                    
326,9495

                               
0,0197

            
0,0900

          

CH0022280058
100,9

        
2,1607

                                   
4,1679

                                 
4,2599

                                             
151,6822

                                    
305,9814

                               
0,2273

            
0,1000

          

CH0024015452
100,6

        
2,3904

                                   
5,4664

                                 
5,6079

                                             
179,4596

                                    
318,2985

                               
0,3734

            
0,3000

          

CH0025662831
103,5

        
2,9801

                                   
8,4572

                                 
8,8533

                                             
191,3241

                                    
345,9777

                               
0,9188

            
0,3000

          

DE000A0DALH4
#N/A N/A

#N/A Invalid Override
#N/A Invalid Override

#N/A N/A
#N/A N/A

#N/A Invalid Override
#N/A N/A

#VALUE!

DE000A0G1RB8
#N/A N/A

#N/A Invalid Override
#N/A Invalid Override

#N/A N/A
#N/A N/A

#N/A Invalid Override
#N/A N/A

#VALUE!

DK0002000421
111,5

        
3,4124

                                   
4,0917

                                 
#N/A Field Not Applicable

#N/A Field Not Applicable
#N/A N/A

0,2717
            

-
                 

DK0002001239
109,0

        
2,8521

                                   
3,9120

                                 
#N/A Field Not Applicable

#N/A Field Not Applicable
#N/A N/A

0,2428
            

-
                 

DK0002003607
#N/A N/A

#N/A Invalid Override
#N/A Invalid Override

#N/A N/A
#N/A N/A

#N/A Invalid Override
#N/A N/A

#VALUE!

DK0002003870
#N/A N/A

#N/A Invalid Override
#N/A Invalid Override

#N/A N/A
#N/A N/A

#N/A Invalid Override
#N/A N/A

#VALUE!

DK0002003953
103,0

        
3,6943

                                   
1,2193

                                 
#N/A Field Not Applicable

#N/A Field Not Applicable
#N/A N/A

0,0297
            

-
                 

DK0002004092
114,8

        
3,5716

                                   
5,5288

                                 
#N/A Field Not Applicable

#N/A Field Not Applicable
#N/A N/A

0,4764
            

-
                 

DK0002004258
118,0

        
3,9179

                                   
5,2628

                                 
#N/A Field Not Applicable

#N/A Field Not Applicable
#N/A N/A

0,4370
            

-
                 

DK0002004845
106,5

        
3,9400

                                   
5,5104

                                 
#N/A Field Not Applicable

#N/A Field Not Applicable
#N/A N/A

0,4806
            

-
                 

DK0002004928
102,5

        
3,4310

                                   
1,4909

                                 
#N/A Field Not Applicable

#N/A Field Not Applicable
#N/A N/A

0,0436
            

-
                 

DK0002005495
#N/A N/A

#N/A Invalid Override
#N/A Invalid Override

#N/A N/A
#N/A N/A

#N/A Invalid Override
#N/A N/A

#VALUE!

DK0002005818
107,0

        
2,8178

                                   
3,0142

                                 
#N/A Field Not Applicable

#N/A Field Not Applicable
#N/A N/A

0,1477
            

-
                 

DK0002006030
107,5

        
3,9969

                                   
6,6688

                                 
#N/A Field Not Applicable

#N/A Field Not Applicable
#N/A N/A

0,6809
            

-
                 

DK0002006113
114,5

        
4,1135

                                   
6,8877

                                 
#N/A Field Not Applicable

#N/A Field Not Applicable
#N/A N/A

0,7338
            

-
                 

DK0002006386
106,0

        
4,0358

                                   
2,8037

                                 
#N/A Field Not Applicable

#N/A Field Not Applicable
#N/A N/A

0,1360
            

-
                 

DK0002006469
117,5

        
4,5252

                                   
6,2817

                                 
#N/A Field Not Applicable

#N/A Field Not Applicable
#N/A N/A

0,6255
            

-
                 

DK0002006899
103,5

        
0,4046

                                   
0,6141

                                 
#N/A Field Not Applicable

#N/A Field Not Applicable
#N/A N/A

0,0108
            

-
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17.6 Appendix 6 – VBA Coding used in Data Structuring 
 

Sub GetDistinctISIN() 
Application.ScreenUpdating = False 
Application.EnableEvents = False 
ReDim FoundISIN(10000) 
 
k = 0 
b = 2 
f = 2 
j = 5 
Do While Sheets("Fonde").Cells(j, 1) <> "" 
    FondNavn = Sheets("Fonde").Cells(j, 1) 
 
    Mappe = Sheets("Fonde").Cells(2, 1) & "\" & FondNavn & "\" 
     
    Dim StrFile As String 
    StrFile = Dir(Mappe) 
    Do While Len(StrFile) > 0 
        Workbooks.Open Mappe & StrFile 
        IsBond = False 
        i = 2 
 
        With ActiveWorkbook.ActiveSheet 
            Do While .Cells(i, 1) <> "" 
                If .Cells(i, 1) = "› Bonds" Then 
                    IsBond = True 
                ElseIf InStr(.Cells(i, 1), "› ") And .Cells(i, 1) <> "› Bonds" Then 
                    IsBond = False 
                End If 
                If Trim(.Cells(i, 8)) <> "" Then 
                    If NotInArr(.Cells(i, 8), FoundISIN) = True Then 
                         
                        If IsBond = True Then 
                       Workbooks("ISIN data for alle fonde").Sheets("Underliggende ISINS").Cells(b, 1) = .Cells(i, 8) 
                            b = b + 1 
                        Else 
                            Workbooks("ISIN data for alle fonde").Sheets("Andre ISINS").Cells(f, 1) = .Cells(i, 8) 
                            f = f + 1 
                        End If 
                         
                        FoundISIN(k) = .Cells(i, 8) 
                        k = k + 1 
                    End If 
                End If 
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            i = i + 1 
            Loop 
             
            Workbooks(StrFile).Close False 
        End With 
     
        StrFile = Dir 
    Loop 
 
    j = j + 1 
Loop 
Application.ScreenUpdating = True 
Application.EnableEvents = True 
 
End Sub 
 
 
Function NotInArr(ISIN, ISINFound) 
 
x = 0 
Do Until IsEmpty(ISINFound(x)) 
    If ISIN = ISINFound(x) Then 
        NotInArr = False 
        Exit Function 
    End If 
    x = x + 1 
Loop 
 
NotInArr = True 
 
End Function 
 
Sub ImportSecurityVariablesToHoldings() 
 
Dim nFunds As Integer 
Dim FundName As String 
Dim GamSti As String 
Dim NySti As String 
Dim StrFile As String 
 
GamSti = "C:\...\Fund Holdings\" 
NySti = "C:\...\Fund Holdings Extended\" 
 
m = 1 
n = 1 
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Application.ScreenUpdating = False 
Application.EnableEvents = False 
Application.Calculation = xlCalculationManual 
 
Do Until Workbooks("Fund Holding Extended").Worksheets("Funds").Cells(m, 1) = "" 
 
    FundName = Workbooks("Fund Holding Extended").Worksheets("Funds").Cells(m, 1) 
     
    StrFile = Dir(GamSti & FundName & "\") 
     
    CurrentDate = Left(Right(StrFile, 15), 10) 
     
    MkDir NySti & FundName 
     
    Do While Len(StrFile) > 0 
     
    Workbooks.Open (GamSti & FundName & "\" & StrFile) 
     
    Workbooks("Main ISIN").Worksheets("Main ISIN" & " 31-12-2016").Range(Cells(2, 2).Address, Cells(2, 
11).Address).Copy 
    Workbooks(StrFile).Worksheets("Worksheet").Range(Cells(1, 10), Cells(1, 19)).PasteSpecial xlPasteAll 
     
        k = 2 
        Do Until Workbooks(StrFile).Worksheets("Worksheet").Cells(k, 1) = "" 
         
        If Workbooks(StrFile).Worksheets("Worksheet").Cells(k, 8) <> "" Then 
            LookUpISIN = Workbooks(StrFile).Worksheets("Worksheet").Cells(k, 8) 
            FoundISIN = False 
            j = 3 
                Do Until Workbooks("Main ISIN").Worksheets("Main ISIN" & " " & CurrentDate).Cells(j, 1) = "" 
                    If Workbooks("Main ISIN").Worksheets("Main ISIN" & " " & CurrentDate).Cells(j, 1) = LookUpISIN 
Then 
                        For q = 2 To 11 
                            Workbooks(StrFile).Worksheets("Worksheet").Cells(k, 8 + q) = Workbooks("Main 
ISIN").Worksheets("Main ISIN" & " " & CurrentDate).Cells(j, q) 
                             
                        Next q 
                        FoundISIN = True 
                        Exit Do 
                    End If 
                    j = j + 1 
                Loop 
                 
                If FoundISIN = False Then 
                    j = 3 
                    Do Until Workbooks("Other ISIN").Worksheets("Other ISIN" & " " & CurrentDate).Cells(j, 1) = "" 
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                        If Workbooks("Other ISIN").Worksheets("Other ISIN" & " " & CurrentDate).Cells(j, 1) = LookUpISIN 
Then 
                            For q = 2 To 11 
                            Workbooks(StrFile).Worksheets("Worksheet").Cells(k, 8 + q) = Workbooks("Other 
ISIN").Worksheets("Other ISIN" & " " & CurrentDate).Cells(j, q) 
                            Next q 
                            FoundISIN = True 
                            Exit Do 
                         End If 
                    j = j + 1 
                    Loop 
                End If 
              If FoundISIN = False Then 
              Workbooks("Fund Holding Extended").Worksheets("Missing ISIN").Cells(n, 1) = LookUpISIN 
              n = n + 1 
              End If 
        End If 
         
        k = k + 1 
        Loop 
         
    Application.DisplayAlerts = False 
     
    Workbooks(StrFile).SaveAs NySti & FundName & "\" & StrFile 
    Workbooks(StrFile).Close False 
     
    Application.DisplayAlerts = True 
         
    StrFile = Dir 
    Loop 
     
m = m + 1 
Loop 
 
Application.ScreenUpdating = True 
Application.EnableEvents = True 
Application.Calculation = xlCalculationAutomatic 
 
End Sub 
 
Sub ImportCoverPoolVariablesToHoldings () 
 
Dim nFunds As Integer 
Dim FundName As String 
Dim GamSti As String 
Dim NySti As String 
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Dim StrFile As String 
 
GamSti = "C:\...\Fund Holdings Extended\" 
 
m = 1 
n = 1 
 
Application.ScreenUpdating = False 
Application.EnableEvents = False 
Application.Calculation = xlCalculationManual 
 
Do Until Workbooks("ISIN Cover Pool").Worksheets("Funds").Cells(m, 1) = "" 
 
    FundName = Workbooks("ISIN Cover Pool").Worksheets("Funds").Cells(m, 1) 
     
    StrFile = Dir(GamSti & FundName & "\") 
     
    Do While Len(StrFile) > 0 
     
    FoundCP = False 
     
    Workbooks.Open (GamSti & FundName & "\" & StrFile) 
     
    CurrentDate = Left(Right(StrFile, 15), 10) 
         
        k = 2 
        Do Until Workbooks(StrFile).Worksheets("Worksheet").Cells(k, 1) = "" 
            If Workbooks(StrFile).Worksheets("Worksheet").Cells(k, 8) <> "" Then 
                FoundISIN = False 
                LookUpISIN = Workbooks(StrFile).Worksheets("Worksheet").Cells(k, 8) 
                 
                c = 2 
                Do Until Workbooks("ISIN Cover Pool").Worksheets("Total ISIN").Cells(c, 1) = "" 
                    If Workbooks("ISIN Cover Pool").Worksheets("Total ISIN").Cells(c, 1) = LookUpISIN Then 
                        LookUpCp = Workbooks("ISIN Cover Pool").Worksheets("Total ISIN").Cells(c, 2) 
                        Exit Do 
                    End If 
                c = c + 1 
                Loop 
                 
                If LookUpCp = "BRF Kredit Capital Center B" Then 
                     
                    CurrentDate = CDate(CurrentDate) 
                    CurrentDate = DateSerial(Year(CurrentDate), 
Application.WorksheetFunction.Ceiling(Month(CurrentDate), 3) + 1, 0) 
                    CurrentDate = CStr(Format(CurrentDate, "dd-mm-yyyy")) 
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                    If CurrentDate = "31-03-2013" Then 
                     
                        For q = 36 To 38 
                            If Workbooks("Cover Pools").Worksheets("Cover Pools " & CurrentDate).Cells(16, q) = "" Then 
                                Workbooks(StrFile).Worksheets("Worksheet").Cells(k, 17 + q) = "N/A" 
                            Else 
                                Workbooks(StrFile).Worksheets("Worksheet").Cells(k, 17 + q) = Workbooks("Cover 
Pools").Worksheets("Cover Pools " & CurrentDate).Cells(16, q).Value 
                            End If 
                        Next q 
                        FoundCP = True 
                    End If 
                End If 
            End If 
        k = k + 1 
        Loop 
         
    Application.DisplayAlerts = False 
     
    If FoundCP = True Then 
        Workbooks(StrFile).Save 
    End If 
     
    Workbooks(StrFile).Close False 
     
    Application.DisplayAlerts = True 
         
    StrFile = Dir 
    Loop 
     
m = m + 1 
Loop 
 
Application.ScreenUpdating = True 
Application.EnableEvents = True 
Application.Calculation = xlCalculationAutomatic 
 
End Sub 
 
Sub CalculateFinalVariables() 
 
Dim nFunds As Integer 
Dim FundName As String 
Dim GamSti As String 
Dim NySti As String 
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Dim StrFile As String 
Dim wf As WorksheetFunction: Set wf = Application.WorksheetFunction 
 
GamSti = "C:\...\Fund Holdings Extended\" 
 
m = 2 
n = 1 
 
Application.ScreenUpdating = False 
Application.EnableEvents = False 
Application.Calculation = xlCalculationManual 
 
Do Until Workbooks("Final").Worksheets("Variables").Cells(m, 1) = "" 
 
    FundName = Workbooks("Final").Worksheets("Variables").Cells(m, 1) 
     
    CurrentDate = Workbooks("Final").Worksheets("Variables").Cells(m, 2) 
     
    StrFile = FundName & " - " & CurrentDate 
     
    Workbooks.Open (GamSti & FundName & "\" & StrFile) 
         
    With Workbooks(StrFile).Worksheets("Worksheet") 
     
    For i = 11 To 57 
     
    'case 12,15,17,18 is skipped 
        Select Case i 
            Case 13 'Mod_Dur 
                ReDim Result(500, 1) 
                SUMMV = 0 
                r = 0 
                v = 0 
             
                k = 2 
                Do Until .Cells(k, 1) = "" 
                VariableFound = False 
                 
                    If wf.IsNumber(.Cells(k, i)) Then 
                        VariableUsed = .Cells(k, i) 
                        VariableFound = True 
                    Else 
                        If wf.IsNumber(.Cells(k, i - 1)) Then 
                            VariableUsed = .Cells(k, i - 1) 
                            VariableFound = True 
                            v = v + 1 
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                        End If 
                    End If 
                     
                    If VariableFound = True Then 
                        If wf.IsNumber(.Cells(k, 10)) And wf.IsNumber(.Cells(k, 5)) Then 
                            Result(r, 0) = .Cells(k, 10) * .Cells(k, 5) 'MV 
                            Result(r, 1) = VariableUsed 'Variable 
                            SUMMV = SUMMV + .Cells(k, 10) * .Cells(k, 5) 'Total MV 
                            r = r + 1 
                        Else 
                            If wf.IsNumber(.Cells(k, 6)) And wf.IsNumber(.Cells(k, 5)) Then 
                                Result(r, 0) = .Cells(k, 6) * .Cells(k, 5) 'MV 
                                Result(r, 1) = VariableUsed 'Variable 
                                SUMMV = SUMMV + .Cells(k, 6) * .Cells(k, 5) 'Total MV 
                                r = r + 1 
                            End If 
                        End If 
                    End If 
                     
                k = k + 1 
                Loop 
                 
                Variable = 0 
                r = 0 
                Do Until IsEmpty(Result(r, 0)) 
                    Variable = Variable + Result(r, 0) / SUMMV * Result(r, 1) 
                r = r + 1 
                Loop 
             
                Workbooks("Final").Worksheets("Variables").Cells(m, 5) = Variable 
                Workbooks("Final").Worksheets("Counts").Cells(m, 5) = r 
                Workbooks("Final").Worksheets("Comments").Cells(m, 3) = v 
             
            Case 14 'OAS 
                ReDim Result(500, 1) 
                SUMMV = 0 
                r = 0 
                v = 0 
             
                k = 2 
                Do Until .Cells(k, 1) = "" 
                VariableFound = False 
                 
                    If wf.IsNumber(.Cells(k, i)) Then 
                        VariableUsed = .Cells(k, i) 
                        VariableFound = True 



Page 138 of 166 
 

                    Else 
                        If wf.IsNumber(.Cells(k, i + 1)) Then 
                            VariableUsed = .Cells(k, i + 1) 
                            VariableFound = True 
                            v = v + 1 
                        End If 
                    End If 
                     
                    If VariableFound = True Then 
                        If wf.IsNumber(.Cells(k, 10)) And wf.IsNumber(.Cells(k, 5)) Then 
                            Result(r, 0) = .Cells(k, 10) * .Cells(k, 5) 'MV 
                            Result(r, 1) = VariableUsed 'Variable 
                            SUMMV = SUMMV + .Cells(k, 10) * .Cells(k, 5) 'Total MV 
                            r = r + 1 
                        Else 
                            If wf.IsNumber(.Cells(k, 6)) And wf.IsNumber(.Cells(k, 5)) Then 
                                Result(r, 0) = .Cells(k, 6) * .Cells(k, 5) 'MV 
                                Result(r, 1) = VariableUsed 'Variable 
                                SUMMV = SUMMV + .Cells(k, 6) * .Cells(k, 5) 'Total MV 
                                r = r + 1 
                            End If 
                        End If 
                    End If 
                     
                k = k + 1 
                Loop 
                 
                Variable = 0 
                r = 0 
                Do Until IsEmpty(Result(r, 0)) 
                    Variable = Variable + Result(r, 0) / SUMMV * Result(r, 1) 
                r = r + 1 
                Loop 
             
                Workbooks("Final").Worksheets("Variables").Cells(m, 7) = Variable 
                Workbooks("Final").Worksheets("Counts").Cells(m, 7) = r 
                Workbooks("Final").Worksheets("Comments").Cells(m, 4) = v 
     
        End Select 
     
        If (i > 18 And i < 58) Or i = 11 Or i = 16 Then 
            ReDim Result(500, 1) 
            SUMMV = 0 
            r = 0 
             
            k = 2 
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            Do Until .Cells(k, 1) = "" 
             
                If wf.IsNumber(.Cells(k, i)) Then 
                    If wf.IsNumber(.Cells(k, 10)) And wf.IsNumber(.Cells(k, 5)) Then 
                        Result(r, 0) = .Cells(k, 10) * .Cells(k, 5) 'MV 
                        Result(r, 1) = .Cells(k, i) 'Variable 
                        SUMMV = SUMMV + .Cells(k, 10) * .Cells(k, 5) 'Total MV 
                        r = r + 1 
                    Else 
                        If wf.IsNumber(.Cells(k, 6)) And wf.IsNumber(.Cells(k, 5)) Then 
                            Result(r, 0) = .Cells(k, 6) * .Cells(k, 5) 'MV 
                            Result(r, 1) = .Cells(k, i) 'Variable 
                            SUMMV = SUMMV + .Cells(k, 6) * .Cells(k, 5) 'Total MV 
                            r = r + 1 
                        End If 
                    End If 
                End If 
                 
            k = k + 1 
            Loop 
             
            Variable = 0 
            r = 0 
            Do Until IsEmpty(Result(r, 0)) 
                Variable = Variable + Result(r, 0) / SUMMV * Result(r, 1) 
            r = r + 1 
            Loop 
             
            If i = 11 Then 
                Workbooks("Final").Worksheets("Variables").Cells(m, 4) = Variable 
                Workbooks("Final").Worksheets("Counts").Cells(m, 4) = r 
            ElseIf i = 16 Then 
                Workbooks("Final").Worksheets("Variables").Cells(m, 6) = Variable 
                Workbooks("Final").Worksheets("Counts").Cells(m, 6) = r 
            Else 
                Workbooks("Final").Worksheets("Variables").Cells(m, i - 11) = Variable 
                Workbooks("Final").Worksheets("Counts").Cells(m, i - 11) = r 
            End If 
        End If 
         
    Next i 
     
    Workbooks("Final").Worksheets("Variables").Cells(m, 47) = .Cells(2, 2) 
    Workbooks("Final").Worksheets("Counts").Cells(m, 47) = .Cells(2, 2) 
                 
    End With 
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    Application.DisplayAlerts = False 
     
    Workbooks(StrFile).Close False 
     
    Application.DisplayAlerts = True 
 
m = m + 1 
Loop 
 
Application.ScreenUpdating = True 
Application.EnableEvents = True 
Application.Calculation = xlCalculationAutomatic 
 
End Sub 
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17.7 Appendix 7 – Correlations of cover pool characteristics  
 

 
 
 

 
 
 

 
 
 

Collateral type\Geographical 

distribution

Greater 

Copenhagen

Remaining Zealand 

& Bornholm

Northern 

Jutland

Eastern 

Jutland

Southern Jutland 

& Funen

Outside 

Denmark

Owner occupied houses 0,7360              0,4824                            -0,0260     0,4211    0,1378                        -0,6824     

Holiday houses 0,4353              0,1579                            -0,2487     0,2251    0,1072                        -0,2647     

Subsidized houses 0,3696              0,1172                            -0,3779     0,0143    0,2138                        -0,1443     

Cooperative housing 0,4805              0,3053                            -0,4151     0,1482    0,2963                        -0,3068     

Private rental 0,2703              0,1071                            0,1948      0,0910    0,0609                        -0,3162     

Manufacturing and manual industries 0,0119              0,0561                            0,2537      0,3569    0,1035                        -0,2799     

Office and business 0,2932              0,2395                            0,2156      0,4143    0,1697                        -0,5041     

Agriculture -0,3274            0,0940                            0,3340      0,5883    0,2616                        -0,2707     

Social and cultural purposes 0,3311              0,1968                            -0,1808     0,2056    0,2238                        -0,2946     

Other -0,7145            -0,5827                           -0,1025     -0,7873  -0,3737                       0,9523      

Collateral type\Maturity < 1 Years

[1 Years ; 3 

Years[

[3 Years ; 5 

Years[

[5 Years ; 10 

Years[

[10 Years ; 20 

Years[ >20 Years

Owner occupied houses 0,0571     -0,4653           -0,5341           -0,4051                  0,1383                0,3148             

Holiday houses -0,3928    -0,3213           -0,4474           -0,2836                  0,3744                0,4995             

Subsidized houses -0,5304    -0,3551           -0,4910           -0,3135                  0,5057                0,6075             

Cooperative housing -0,5260    -0,2432           -0,5201           -0,2207                  0,5088                0,5690             

Private rental 0,2117     -0,2152           -0,0364           0,0309                    -0,0850              -0,0696           

Manufacturing and manual industries 0,1656     0,2717            -0,0312           -0,1513                  0,1329                -0,2378           

Office and business 0,4175     -0,2160           -0,0840           -0,0499                  -0,2228              -0,1668           

Agriculture 0,4089     0,3136            0,0644            0,0466                    -0,1917              -0,3930           

Social and cultural purposes -0,4501    -0,1662           -0,4626           -0,2548                  0,5601                0,4421             

Other -0,1894    0,4142            0,6191            0,4327                    -0,1515              -0,2237           

Collateral type\Loan size 0-2 mDKK 2-5 mDKK

5-20 

mDKK

20-50 

mDKK

50-100 

mDKK

>100 

mDKK

Owner occupied houses 0,9304        0,6215          -0,1623      0,0475        -0,7248      -0,6950     

Holiday houses 0,5288        0,2540          -0,2733      0,0066        -0,4027      -0,2699     

Subsidized houses 0,0791        -0,0476         -0,1117      0,2760        -0,0327      -0,0462     

Cooperative housing 0,2451        -0,0874         0,1666       0,5196        -0,2086      -0,2432     

Private rental -0,0395       0,0584          0,6622       0,8062        -0,1831      -0,3194     

Manufacturing and manual industries 0,0112        0,3576          0,6158       0,1907        -0,3397      -0,2968     

Office and business 0,1973        0,4365          0,7431       0,6397        -0,4979      -0,5422     

Agriculture -0,0514       0,4705          0,8090       0,0260        -0,3510      -0,3315     

Social and cultural purposes 0,1730        0,0145          0,2749       0,3632        -0,2528      -0,2232     

Other -0,8478       -0,8587         -0,5536      -0,4598       0,9770        0,9740       
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Collateral type\Interest rate 

(Repayment) type Fixed Float Adjustable

Bullet/Interest 

only Amortizing

Owner occupied houses 0,3342     -0,5636    -0,0082       0,1462                  -0,1474           

Holiday houses 0,0961     -0,1628    0,0499         0,2103                  -0,2201           

Subsidized houses 0,4594     0,1049     -0,2816       -0,2970                 0,2849             

Cooperative housing 0,4863     0,1483     -0,1981       -0,3416                 0,3365             

Private rental -0,2727    -0,1286    0,2427         0,2851                  -0,2803           

Manufacturing and manual industries -0,1895    -0,0249    0,1108         0,2521                  -0,2465           

Office and business -0,4530    -0,4233    0,4064         0,6744                  -0,6744           

Agriculture -0,1924    -0,1109    0,0959         0,2206                  -0,2148           

Social and cultural purposes 0,2474     0,1513     -0,1281       -0,1836                 0,1814             

Other -0,1821    0,5955     -0,0944       -0,3415                 0,3422             

Maturity\Loan size 0-2 mDKK 2-5 mDKK 5-20 mDKK

20-50 

mDKK

50-100 

mDKK >100 mDKK

< 1 Years 0,1276        0,3481        0,3198        0,1308         -0,2054         -0,3213

[1 Years ; 3 Years[ -0,4608       -0,1522       0,0105        -0,4032        0,3252           0,3764

[3 Years ; 5 Years[ -0,5665       -0,4638       -0,1975       -0,2147        0,6044           0,5386

[5 Years ; 10 Years[ -0,3442       -0,4792       -0,1253       -0,1054        0,4316           0,3853

[10 Years ; 20 Years[ 0,1064        0,0461        -0,0338       -0,0392        -0,1441         -0,0287

>20 Years 0,2717        -0,0026       -0,1549       0,1273         -0,1818         -0,1101
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17.8 Appendix 8 – Results from Loan Size Regression  
 

 

 

  

Excess Return Estimate Std Error t Ratio p-value

Intercept -0,0152 0,0037 -4,16 < 0,0001

2-5 mDKK 0,0542 0,0122 4,46 < 0,0001

5-20 mDKK -0,0134 0,0076 -1,77 0,0776

20-50 mDKK 0,0451 0,0186 2,42 0,0157

50-100 mDKK 0,0483 0,0223 2,16 0,0305

> 100 mDKK -0,0027 0,0105 -0,25 0,7997

nLoans (thousands) 0,0000 0,0000 1,26 0,2083
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17.9 Appendix 9 – Model Reductions 

17.9.1 Model 1 

 

 

 

  

Optimization Parameter AICc = -18903 BIC = -18737

Excess Return Estimate Std Error t Ratio p-value

Intercept 0,0120 0,0334 0,36 0,7203

Duration 0,0001 0,0001 1,48 0,1382

Convexity 0,0005 0,0004 1,28 0,2012

LTV 0,0327 0,0117 2,81 0,0051

Realized Losses -0,1239 0,0476 -2,60 0,0093

Owner occupied homes -0,0545 0,0293 -1,86 0,0625

Holiday houses 0,0451 0,0693 0,65 0,5159

Subsidised housing -0,0633 0,0235 -2,69 0,0071

Cooperative housing -0,1422 0,0622 -2,29 0,0223

Private rental -0,1345 0,0338 -3,98 <0,0001

Manufacturing and manual industries -0,2142 0,0597 -3,59 0,0003

Office and business 0,0270 0,0279 0,97 0,3335

Agriculture -0,0574 0,0306 -1,87 0,0612

Social and cultural purposes 0,2606 0,1138 2,29 0,0221

DKK 2-5m 0,0556 0,0208 2,67 0,0077

DKK 5-20m 0,0147 0,0467 0,32 0,7525

DKK 20-50m 0,1130 0,0589 1,92 0,0553

DKK 50-100m 0,0082 0,0729 0,11 0,9109

> DKK 100m -0,0514 0,0311 -1,65 0,0985

Float 0,0009 0,0027 0,33 0,7416

Adjustable -0,0005 0,0006 -0,79 0,4293

10Y Govt Yield -0,0016 0,0007 -2,42 0,0154

Fund Size 0,0000 0,0000 -0,52 0,6038

LN(Manager Tenure) 0,0002 0,0001 1,45 0,1482

DK Govies 7-10 0,0000 0,0000 -0,51 0,6123

Expense Ratio 0,0106 0,0051 2,07 0,0388

Expense Ratio2 -0,0161 0,0075 -2,13 0,0329

Expense Ratio3 0,0070 0,0034 2,09 0,0372

Model 1
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17.9.2 Model 2 

 

 
  

Optimization Parameter AICc = -18905 BIC = -18744,8

Excess Return Estimate Std Error t Ratio p-value

Intercept 0,0146 0,0236 0,62 0,5345

Duration 0,0001 0,0001 1,48 0,1378

Convexity 0,0005 0,0004 1,29 0,1966

LTV 0,0324 0,0113 2,87 0,0041

Realized Losses -0,1232 0,0471 -2,61 0,0090

Owner occupied homes -0,0567 0,0221 -2,57 0,0103

Holiday houses 0,0416 0,0620 0,67 0,5026

Subsidised housing -0,0641 0,0223 -2,87 0,0041

Cooperative housing -0,1421 0,0622 -2,29 0,0224

Private rental -0,1356 0,0324 -4,19 <0,0001

Manufacturing and manual industries -0,2158 0,0579 -3,72 0,0002

Office and business 0,0258 0,0260 0,99 0,3208

Agriculture -0,0593 0,0252 -2,35 0,0188

Social and cultural purposes 0,2564 0,1073 2,39 0,0170

DKK 2-5m 0,0556 0,0208 2,67 0,0077

DKK 5-20m 0,0131 0,0444 0,30 0,7677

DKK 20-50m 0,1150 0,0560 2,05 0,0400

> DKK 100m -0,0504 0,0299 -1,68 0,0923

Float 0,0008 0,0026 0,31 0,7539

Adjustable -0,0005 0,0006 -0,78 0,4339

10Y Govt Yield -0,0017 0,0007 -2,46 0,0141

Fund Size 0,0000 0,0000 -0,52 0,6012

LN(Manager Tenure) 0,0002 0,0001 1,45 0,1471

DK Govies 7-10 0,0000 0,0000 -0,55 0,5801

Expense Ratio 0,0105 0,0051 2,08 0,0378

Expense Ratio2 -0,0159 0,0074 -2,15 0,0318

Expense Ratio3 0,0069 0,0033 2,10 0,0356

Model 2
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17.9.3 Model 3 

 

 

  

Optimization Parameter AICc = -18907 BIC = 18752,4

Excess Return Estimate Std Error t Ratio p-value

Intercept 0,0179 0,0208 0,86 0,3889

Duration 0,0001 0,0001 1,46 0,1436

Convexity 0,0005 0,0004 1,31 0,1917

LTV 0,0312 0,0105 2,97 0,0030

Realized Losses -0,1221 0,0470 -2,60 0,0094

Owner occupied homes -0,0588 0,0209 -2,81 0,0050

Holiday houses 0,0383 0,0610 0,63 0,5301

Subsidised housing -0,0623 0,0215 -2,90 0,0038

Cooperative housing -0,1351 0,0575 -2,35 0,0188

Private rental -0,1335 0,0316 -4,23 <0,0001

Manufacturing and manual industries -0,2146 0,0578 -3,71 0,0002

Office and business 0,0294 0,0230 1,28 0,2015

Agriculture -0,0573 0,0243 -2,36 0,0183

Social and cultural purposes 0,2505 0,1055 2,38 0,0176

DKK 2-5m 0,0574 0,0199 2,88 0,0040

DKK 20-50m 0,1140 0,0559 2,04 0,0414

> DKK 100m -0,0532 0,0284 -1,87 0,0610

Float 0,0009 0,0026 0,34 0,7319

Adjustable -0,0005 0,0006 -0,80 0,4230

10Y Govt Yield -0,0017 0,0007 -2,56 0,0104

Fund Size 0,0000 0,0000 -0,54 0,5903

LN(Manager Tenure) 0,0002 0,0001 1,45 0,1459

DK Govies 7-10 0,0000 0,0000 -0,64 0,5252

Expense Ratio 0,0106 0,0051 2,10 0,0358

Expense Ratio2 -0,0160 0,0074 -2,16 0,0305

Expense Ratio3 0,0070 0,0033 2,12 0,0338

Model 3
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17.9.4 Model 4 

 

 

  

Optimization Parameter AICc = -18908,9 BIC = -18760

Excess Return Estimate Std Error t Ratio p-value

Intercept 0,0199 0,0199 1,00 0,3184

Duration 0,0001 0,0001 1,45 0,1467

Convexity 0,0005 0,0004 1,29 0,1979

LTV 0,0298 0,0097 3,08 0,0021

Realized Losses -0,1233 0,0469 -2,63 0,0086

Owner occupied homes -0,0606 0,0202 -2,99 0,0028

Holiday houses 0,0382 0,0610 0,63 0,5308

Subsidised housing -0,0648 0,0203 -3,20 0,0014

Cooperative housing -0,1352 0,0575 -2,35 0,0187

Private rental -0,1344 0,0314 -4,27 <0,0001

Manufacturing and manual industries -0,2137 0,0577 -3,70 0,0002

Office and business 0,0286 0,0229 1,25 0,2123

Agriculture -0,0594 0,0234 -2,54 0,0112

Social and cultural purposes 0,2437 0,1036 2,35 0,0187

DKK 2-5m 0,0573 0,0199 2,88 0,0040

DKK 20-50m 0,1136 0,0558 2,03 0,0421

> DKK 100m -0,0550 0,0279 -1,97 0,0492

Adjustable -0,0004 0,0006 -0,73 0,4661

10Y Govt Yield -0,0016 0,0006 -2,55 0,0108

Fund Size 0,0000 0,0000 -0,53 0,5949

LN(Manager Tenure) 0,0002 0,0001 1,47 0,1418

DK Govies 7-10 0,0000 0,0000 -0,57 0,5704

Expense Ratio 0,0107 0,0050 2,13 0,0329

Expense Ratio2 -0,0162 0,0074 -2,19 0,0283

Expense Ratio3 0,0071 0,0033 2,15 0,0318

Model 4
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17.9.5 Model 5 

 

 

  

Optimization Parameter AICc = -18910,7 BIC = -18767,5

Excess Return Estimate Std Error t Ratio p-value

Intercept 0,0202 0,0199 1,02 0,3102

Duration 0,0001 0,0001 1,42 0,1553

Convexity 0,0005 0,0004 1,27 0,2059

LTV 0,0295 0,0097 3,06 0,0023

Realized Losses -0,1211 0,0467 -2,59 0,0096

Owner occupied homes -0,0607 0,0202 -3,00 0,0027

Holiday houses 0,0383 0,0610 0,63 0,5300

Subsidised housing -0,0654 0,0202 -3,23 0,0012

Cooperative housing -0,1344 0,0574 -2,34 0,0194

Private rental -0,1354 0,0314 -4,31 <0,0001

Manufacturing and manual industries -0,2134 0,0577 -3,70 0,0002

Office and business 0,0295 0,0228 1,29 0,1956

Agriculture -0,0599 0,0234 -2,56 0,0106

Social and cultural purposes 0,2400 0,1033 2,32 0,0203

DKK 2-5m 0,0570 0,0199 2,86 0,0042

DKK 20-50m 0,1134 0,0558 2,03 0,0424

> DKK 100m -0,0557 0,0279 -2,00 0,0458

Adjustable -0,0004 0,0006 -0,73 0,4668

10Y Govt Yield -0,0016 0,0006 -2,53 0,0113

LN(Manager Tenure) 0,0002 0,0001 1,38 0,1677

DK Govies 7-10 0,0000 0,0000 -0,54 0,5878

Expense Ratio 0,0104 0,0050 2,09 0,0371

Expense Ratio2 -0,0158 0,0073 -2,15 0,0315

Expense Ratio3 0,0069 0,0033 2,11 0,0346

Model 5
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17.9.6 Model 6 

 

 

  

Optimization Parameter AICc = -18912,4 BIC = -18775

Excess Return Estimate Std Error t Ratio p-value

Intercept 0,0167 0,0188 0,89 0,3755

Duration 0,0001 0,0001 1,40 0,1621

Convexity 0,0005 0,0004 1,28 0,1990

LTV 0,0320 0,0085 3,74 0,0002

Realized Losses -0,1125 0,0439 -2,56 0,0105

Owner occupied homes -0,0630 0,0198 -3,18 0,0015

Holiday houses 0,0365 0,0609 0,60 0,5488

Subsidised housing -0,0684 0,0194 -3,52 0,0004

Cooperative housing -0,1485 0,0511 -2,90 0,0037

Private rental -0,1346 0,0313 -4,29 <0,0001

Manufacturing and manual industries -0,2149 0,0576 -3,73 0,0002

Office and business 0,0246 0,0209 1,18 0,2396

Agriculture -0,0623 0,0230 -2,71 0,0068

Social and cultural purposes 0,2435 0,1031 2,36 0,0183

DKK 2-5m 0,0562 0,0199 2,83 0,0046

DKK 20-50m 0,1172 0,0554 2,12 0,0343

> DKK 100m -0,0602 0,0266 -2,26 0,0239

Adjustable -0,0004 0,0006 -0,68 0,4951

10Y Govt Yield -0,0013 0,0002 -5,90 <0,0001

LN(Manager Tenure) 0,0002 0,0001 1,38 0,1665

Expense Ratio 0,0104 0,0050 2,09 0,0368

Expense Ratio2 -0,0158 0,0073 -2,15 0,0316

Expense Ratio3 0,0069 0,0033 2,11 0,0351

Model 6
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17.9.7 Model 7 

 

 

  

Optimization Parameter AICc = -18914,1 BIC = -18782,3

Excess Return Estimate Std Error t Ratio p-value

Intercept 0,0139 0,0182 0,76 0,4462

Duration 0,0001 0,0001 1,56 0,1184

Convexity 0,0004 0,0004 1,14 0,2536

LTV 0,0320 0,0085 3,74 0,0002

Realized Losses -0,1106 0,0438 -2,53 0,0116

Owner occupied homes -0,0598 0,0191 -3,14 0,0017

Subsidised housing -0,0652 0,0186 -3,50 0,0005

Cooperative housing -0,1317 0,0427 -3,08 0,0021

Private rental -0,1329 0,0312 -4,26 <0,0001

Manufacturing and manual industries -0,2098 0,0570 -3,68 0,0002

Office and business 0,0304 0,0186 1,63 0,1027

Agriculture -0,0616 0,0229 -2,68 0,0073

Social and cultural purposes 0,2332 0,1016 2,29 0,0219

DKK 2-5m 0,0590 0,0193 3,06 0,0022

DKK 20-50m 0,1094 0,0538 2,03 0,0421

> DKK 100m -0,0560 0,0257 -2,18 0,0294

Adjustable -0,0004 0,0006 -0,61 0,5400

10Y Govt Yield -0,0013 0,0002 -5,93 <0,0001

LN(Manager Tenure) 0,0002 0,0001 1,40 0,1605

Expense Ratio 0,0105 0,0050 2,09 0,0364

Expense Ratio2 -0,0158 0,0073 -2,15 0,0316

Expense Ratio3 0,0069 0,0033 2,10 0,0356

Model 7
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17.9.8 Model 8 

 

 

 

 

 

 

  

Optimization Parameter AICc = -18915,7 BIC = -18789,7

Excess Return Estimate Std Error t Ratio p-value

Intercept 0,0156 0,0180 0,87 0,3850

Duration 0,0001 0,0001 1,56 0,1191

Convexity 0,0004 0,0004 1,16 0,2448

LTV 0,0305 0,0082 3,72 0,0002

Realized Losses -0,1142 0,0434 -2,63 0,0086

Owner occupied homes -0,0603 0,0190 -3,17 0,0016

Subsidised housing -0,0666 0,0185 -3,60 0,0003

Cooperative housing -0,1331 0,0426 -3,12 0,0018

Private rental -0,1345 0,0311 -4,33 <0,0001

Manufacturing and manual industries -0,2104 0,0570 -3,69 0,0002

Office and business 0,0294 0,0185 1,58 0,1131

Agriculture -0,0622 0,0229 -2,71 0,0067

Social and cultural purposes 0,2324 0,1016 2,29 0,0223

DKK 2-5m 0,0579 0,0192 3,01 0,0026

DKK 20-50m 0,1109 0,0538 2,06 0,0392

> DKK 100m -0,0572 0,0256 -2,23 0,0257

10Y Govt Yield -0,0013 0,0002 -5,99 <0,0001

LN(Manager Tenure) 0,0002 0,0014 1,40 0,1614

Expense Ratio 0,0105 0,0050 2,11 0,0348

Expense Ratio2 -0,0159 0,0073 -2,17 0,0300

Expense Ratio3 0,0070 0,0033 2,13 0,0336

Model 8
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17.9.9 Model 9 

 

 

  

Optimization Parameter AICc = -18916,4 BIC = -18796,1

Excess Return Estimate Std Error t Ratio p-value

Intercept 0,0218 0,0172 1,26 0,2063

Duration 0,0002 0,0001 3,76 0,0002

LTV 0,0295 0,0081 3,63 0,0003

Realized Losses -0,1186 0,0432 -2,74 0,0062

Owner occupied homes -0,0652 0,0186 -3,51 0,0005

Subsidised housing -0,0711 0,0181 -3,93 <0,0001

Cooperative housing -0,1504 0,0400 3,77 0,0002

Private rental -0,1394 0,0308 -4,53 <0,0001

Manufacturing and manual industries -0,2254 0,0555 -4,06 <0,0001

Office and business 0,0244 0,0180 1,35 0,1765

Agriculture -0,0677 0,0225 -3,01 0,0026

Social and cultural purposes 0,2383 0,1015 2,35 0,0190

DKK 2-5m 0,0567 0,0192 2,96 0,0031

DKK 20-50m 0,1152 0,0536 2,15 0,0319

> DKK 100m -0,0663 0,0244 -2,72 0,0065

10Y Govt Yield -0,0013 0,0002 -5,91 <0,0001

LN(Manager Tenure) 0,0002 0,0001 1,27 0,2045

Expense Ratio 0,0119 0,0049 2,44 0,0146

Expense Ratio2 -0,0179 0,0072 -2,49 0,0127

Expense Ratio3 0,0077 0,0032 2,41 0,0159

Model 9
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17.9.10 Model 10 

 

 

 

 

 

 

 

 

 

 

 

Optimization Parameter AICc = -18916,8 BIC = -18802,2

Excess Return Estimate Std Error t Ratio p-value

Intercept 0,0211 0,0172 1,22 0,2215

Duration 0,0002 0,0001 3,70 0,0002

LTV 0,0295 0,0081 3,62 0,0003

Realized Losses -0,1192 0,0432 -2,76 0,0059

Owner occupied homes -0,0630 0,0185 -3,41 0,0007

Subsidised housing -0,0706 0,0181 -3,90 <0,0001

Cooperative housing -0,1515 0,0400 -3,79 0,0002

Private rental -0,1380 0,0308 -4,48 <0,0001

Manufacturing and manual industries -0,2234 0,0555 -4,03 <0,0001

Office and business 0,0223 0,0179 1,24 0,2148

Agriculture -0,0647 0,0223 -2,89 0,0038

Social and cultural purposes 0,2428 0,1015 2,39 0,0168

DKK 2-5m 0,0526 0,0189 2,78 0,0054

DKK 20-50m 0,1206 0,0535 2,25 0,0243

> DKK 100m -0,0651 0,0243 -2,67 0,0076

10Y Govt Yield -0,0013 0,0002 -5,89 <0,0001

Expense Ratio 0,0124 0,0048 2,57 0,0103

Expense Ratio2 -0,0181 0,0072 -2,54 0,0113

Expense Ratio3 0,0077 0,0032 2,40 0,0165

Model 10
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17.9.11 Model 11 

 

 

  

Optimization Parameter AICc = -18917,3 BIC = -18808,4

Excess Return Estimate Std Error t Ratio p-value

Intercept 0,0108 0,0151 0,71 0,4753

Duration 0,0002 0,0001 3,72 0,0002

LTV 0,0333 0,0076 4,40 <0,0001

Realized Losses -0,1114 0,0428 -2,60 0,0093

Owner occupied homes -0,0548 0,0173 -3,17 0,0015

Subsidised housing -0,0662 0,0177 -3,73 0,0002

Cooperative housing -0,1561 0,0398 -3,92 <0,0001

Private rental -0,1208 0,0275 -4,39 <0,0001

Manufacturing and manual industries -0,2158 0,0551 -3,91 <0,0001

Agriculture -0,0530 0,0203 -2,62 0,0090

Social and cultural purposes 0,2884 0,0946 3,05 0,0023

DKK 2-5m 0,0568 0,0186 3,05 0,0023

DKK 20-50m 0,1384 0,0515 2,69 0,0073

> DKK 100m -0,0532 0,0224 -2,38 0,0175

10Y Govt Yield -0,0012 0,0002 -5,80 <0,0001

Expense Ratio 0,0120 0,0048 2,48 0,0134

Expense Ratio2 -0,0174 0,0071 -2,45 0,0145

Expense Ratio3 0,0074 0,0032 2,32 0,0205

Model 11
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17.10 Appendix 10 – House price developments 
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17.11 Appendix 11 – Testing Model Assumptions 

17.11.1 Linearity 

Duration 

 

LTV 

 

Realized losses 

 

10-Year Govt. Yield 

 

Owner occupied Houses Subsidized Houses 



Page 157 of 166 
 

  
Cooperative Housing 

 

Private Rental 

 
Manufacturing and Manual Industries Agriculture 
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Social and Cultural Purposes 

 

2-5 mDKK 

 
20-50 mDKK > 100 mDKK 
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Expense Ratio 
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17.11.2 Normal distribution of residuals 

 

17.11.3 Residuals Independent of Exogenous Variables 

Duration 

 

LTV 

 

Realized losses 10-Year Govt. Yield 
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Owner occupied Houses 

 

Subsidized Houses 

 

Cooperative Housing 

 

Private Rental 
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Manufacturing and Manual Industries 

 

Agriculture 

 
Social and Cultural Purposes 

 

2-5 mDKK 

 

20-50 mDKK > 100 mDKK 
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Expense Ratio 
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17.11.4 Homoscedasticity and Intra Residual Independence 
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17.11.5 Multicollinearity Test 
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17.12 Appendix 12 – Final model by CLI Phases 

 

Excess Return Estimate Std Error t Ratio p-value Excess Return Estimate Std Error t Ratio p-value

Intercept -0,0680 0,0382 -1,78 0,0755 Intercept 0,0439 0,0447 0,98 0,3270

Duration 0,0001 0,0001 0,85 0,3929 Duration 0,0004 0,0001 2,95 0,0033

10Y govt yield 0,0000 0,0006 -0,07 0,9424 10Y govt yield -0,0028 0,0008 -3,71 0,0002

LTV 0,0953 0,0166 5,74 <0,0001 LTV 0,0642 0,0252 2,54 0,0112

Realized Losses -0,2612 0,1066 -2,45 0,0146 Realized Losses -0,2268 0,1319 -1,72 0,0860

Owner occupied homes -0,0550 0,0421 -1,30 0,1926 Owner occupied homes -0,1148 0,0440 -2,61 0,0094

Subsidised housing -0,0033 0,0404 -0,08 0,9343 Subsidised housing -0,0939 0,0554 -1,70 0,0906

Cooperative housing 0,1413 0,0900 1,57 0,1171 Cooperative housing -0,2437 0,1264 -1,93 0,0543

Private rental -0,0130 0,0557 -0,23 0,8162 Private rental -0,2104 0,0854 -2,46 0,0141

Manufacturing and manual industries 0,0412 0,1248 0,33 0,7414 Manufacturing and manual industries -0,1295 0,1589 -0,81 0,4155

Agriculture -0,0485 0,0507 -0,96 0,3389 Agriculture -0,1233 0,0511 -2,41 0,0161

Social and cultural purposes -0,0395 0,2289 -0,17 0,8629 Social and cultural purposes 0,1709 0,2574 0,66 0,5071

DKK2-5m 0,1802 0,0461 3,90 0,0001 DKK2-5m 0,0739 0,0425 1,74 0,0824

DKK 20-50m -0,0407 0,0932 -0,44 0,6627 DKK 20-50m 0,1431 0,1525 0,94 0,3485

> DKK 100m 0,0074 0,0518 0,14 0,8864 > DKK 100m -0,1367 0,0628 -2,18 0,0300

Expense Ratio -0,0078 0,0211 -0,37 0,7126 Expense Ratio 0,0140 0,0117 1,20 0,2313

Expense Ratio 2 0,0107 0,0372 0,29 0,7730 Expense Ratio 2 -0,0161 0,0168 -0,96 0,3378

Expense Ratio 3 -0,0059 0,0196 -0,30 0,7634 Expense Ratio 3 0,0051 0,0073 0,70 0,4838

Excess Return Estimate Std Error t Ratio p-value Excess Return Estimate Std Error t Ratio p-value

Intercept -0,0654 0,0321 -2,04 0,0419 Intercept 0,0428 0,0228 1,88 0,0609

Duration 0,0002 0,0001 2,53 0,0117 Duration 0,0004 0,0001 5,52 <0,0001

10Y govt yield -0,0037 0,0006 -6,20 <0,0001 10Y govt yield -0,0031 0,0006 -5,69 <0,0001

LTV 0,0911 0,0176 5,16 <0,0001 LTV 0,0810 0,0167 4,84 <0,0001

Realized Losses 0,1177 0,1108 1,06 0,2882 Realized Losses 0,0539 0,0484 1,11 0,2659

Owner occupied homes 0,0301 0,0346 0,87 0,3844 Owner occupied homes -0,1128 0,0293 -3,85 0,0001

Subsidised housing 0,0681 0,0420 1,62 0,1052 Subsidised housing -0,0447 0,0292 -1,53 0,1265

Cooperative housing 0,0159 0,1100 0,14 0,8854 Cooperative housing -0,2881 0,0726 -3,97 <0,0001

Private rental 0,0046 0,0719 0,06 0,9492 Private rental -0,0690 0,0402 -1,72 0,0865

Manufacturing and manual industries -0,1689 0,1363 -1,24 0,2155 Manufacturing and manual industries -0,2557 0,0948 -2,70 0,0073

Agriculture 0,0565 0,0428 1,32 0,1873 Agriculture -0,1244 0,0333 -3,74 0,0002

Social and cultural purposes 0,3663 0,3208 1,14 0,2540 Social and cultural purposes 0,1812 0,1124 1,61 0,1074

DKK2-5m -0,0781 0,0349 -2,24 0,0256 DKK2-5m 0,0635 0,0304 2,08 0,0376

DKK 20-50m -0,0646 0,1541 -0,42 0,6753 DKK 20-50m -0,1132 0,0769 -1,47 0,1421

> DKK 100m -0,0004 0,0452 -0,01 0,9933 > DKK 100m -0,1463 0,0411 -3,56 0,0004

Expense Ratio 0,0113 0,0080 1,40 0,1611 Expense Ratio 0,0129 0,0062 2,09 0,0369

Expense Ratio 2 -0,0179 0,0119 -1,51 0,1319 Expense Ratio 2 -0,0154 0,0089 -1,73 0,0840

Expense Ratio 3 0,0073 0,0053 1,39 0,1647 Expense Ratio 3 0,0055 0,0039 1,42 0,1573

Expansion Slowdown

Recovery Downturn
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