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Abstract 

The purpose of this thesis is to examine the link between bonds and equity, and determine if we can 

project a fair IPO price through traded debt. We base our thesis on the theory behind the classical 

Merton model which states that one can price debt by using data from equity, and use this to invert two 

types of structural models to price equity. With the use of Bloomberg and Stamdata, we collect data of 

bonds that has been traded prior to the issuer’s IPO. We have only identified seven companies with 

bonds issued prior to their IPO, which means our analysis is an anecdotal case study, and there is 

therefore no guarantee that the results we find are representable. 

 

From our theoretical analysis, we find that most of the structural models does not have any 

assumptions that prevent them from being inverted empirically. However we also find that the Black-

Cox model cannot be inverted because it allows for bankruptcy at any time, as long as the value drops 

below a certain point. This is a problem because without equity being traded, there is nothing to protect 

shareholders from debt holders manipulating the price and taking control of the company. From our 

statistical analysis we find indications that IPOs have no effect on credit spreads. However our sample 

is too small to draw any decisive conclusions. We also use statistical analysis to see if there is a 

relationship between equity and debt. Here we find weaker correlations than we would expect, but 

graphically we see a clear relationship. After this we have used inverted Merton and Geske models, to 

calculate IPO prices for the firms in our anecdotal study, and compared them to the actual IPO prices 

and first day returns to determine how accurate they are. The results from these models are far from 

the actual prices. This not unexpected because the models are the most basic versions of structural 

models 

 

In this thesis we have created a theoretical framework for pricing IPOs through debt. With our small 

sample and simple models, we have been unable to deduce if structural models are a viable option for 

IPO pricing. We hope our findings will help and inspire to further research to find conclusive answers 

in this area. 
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1. Introduction 

1.1. Set the scene 

When a company decides to go public there is the dilemma of which IPO price the company and the 

underwriter should set. If the price is set too low, the issuer does not get a full advantage of its ability to 

raise capital. If it is set too high, the investors would be unwilling to invest and the IPO might get 

rejected. Moreover investors would avoid any underwriter who tends to overprice the IPOs (Ruud, 

1993).  

 

However, pricing an IPO has proven to be very difficult. Because it has yet to be traded we can only 

use proxies (e.g. multiples) and intrinsic estimations based on several assumptions (e.g. DCF). These 

methods do not take the driving forces of price, supply and demand into account. The effect of the 

mispricing can be shown in a price jump after the IPO. Ritter (2014) found that in the period between 

2000 and 2013 the average first day stock return after an IPO where 22,3%, based on the 1 790 Initial 

Public Offerings (IPOs) in America during the period. Even if the IPO should be discounted to the 

real price in order to ensure it gets fulfilled, these returns seem unreasonable. 

 

This paper is looking into the possibility of using a different pricing method than the ones commonly 

used at the moment. We examine a method using the Scandinavian bond market when pricing IPOs. 

Using the link between debt value and equity value as explained by Merton (Merton, 1974), we will try 

to estimate a fair value of the company before the IPO.  

1.2. Motivation 

There has been written several master thesis´ that has included some of the themes we are interested in 

exploring. Some has written about mispricing of IPOs (Falck, 2013), others have written about returns 

of Norwegian high yield bonds (Bakfjord & Berg, 2012) and credit risk models (Beem, 2010). However 

little research has been done on using the bond marked to price an IPO, as far as we know.   

 

We have decided to use an inverted version of the Merton model in order to determine the price of the 

relevant IPOs. In the original Merton Model one looks at the causalities from the stock price to the 

credit spread, where there are plenty of American studies. However we want to go the other way 

around by going from the credit spreads to the stock price. This inverted version has never been 
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written about, as we have not found any American studies covering this.  This can give us several 

complications during our master thesis. Nevertheless as we have done some crosschecking regarding 

the calculations in the original Merton Model, we believe it is possible to go the other way around from 

credit spreads to stock price. We find our thesis highly motivating as no one has written anything 

similar before and believe that it will contribute to further understanding of the connection between 

equity and debt. 

1.3. Problem Statement 

The main purpose of this thesis is to determine if the relationship between equity and debt, explained 

in the classical Merton model, can be used to value a company. This means that we have to identify and 

quantify a relationship in the empirical data. By doing this, we wish to contribute to the current 

practice, by introducing structural models as a way of valuating companies prior to an IPO. In order to 

do this, the empirical data must be analyzed in detail in order to give realistic and reinforced estimates. 

We are therefore interested in answering the following problem statement: 

 

“Can fair IPO prices be projected from the prices and spreads of traded debt?” 

 

In order to structure the thesis, the following sub-questions has been composed as a purpose of 

answering the problem statement: 

• What is the theoretical argument for there being a connection between equity and debt? 

• Is it possible to invert the structural model theoretically?  

• Is there an empirical connection between equity and debt? 

• Does an IPO have an effect on the movements of credit spreads? 

• Can the simplest versions of the inverted Merton and Geske models give an accurate IPO prediction? 

1.4. Delimitations 

During the process of our thesis it has been necessary to make several delimitations, in order to 

concentrate on the most important issues and make the analysis manageable. The purpose has been to 

include the most relevant and important factors to answer the problem statement, and we have 

therefore chosen to have the following delimitations.  

• The reduced form model has been chosen to not be included in the theory section, even 

though it is the second main model to price debt next to the structural model. The reason for 
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this is because the reduced form theory does not use equity as a direct input in its estimation. 

The model is therefore unsuitable in our thesis. 

• The Discount Margin Model has not been used to estimate credit spreads. Even though it is a 

widely used model, it has not been used in this thesis, because the other chosen estimation 

methods were seen as more relevant for the bonds in this thesis. 

• We have not compared our research to other valuation methods, as this is out of the scope of 

this thesis. Instead we have focused on comparing our results to IPO prices and first day 

returns. 

1.5. Structure of the thesis 

We will have the following structure of the thesis. Chapter two will consist of an assessment of 

methodologies we have chosen to use and the data we have collected. In chapter 3, the theoretical 

background for this thesis will be presented, were we will elaborate the theoretical argument for there 

being a connection between equity and debt, followed by determining if the models behind the theory 

can be inverted in order to price equity. Chapter 4 will consist of a presentation of the data we collected 

for our sample. First we introduce how we have calculated the credit spreads, and then we will give a 

brief introduction to each company and discuss how the share prices and credit spreads have 

developed. In chapter 5 we will test for breaks in the movement of the credit spreads, at the time of the 

IPO. This is an important step we have had to do in order to determine if IPOs has an impact of the 

credit spreads. Chapter 6 will consist of testing empirically if there is a relationship between equity and 

debt, were we will compare our sample with the stock indexes in Norway, Sweden and Denmark. 

Chapter 7 and 8 will present an assessment of how we built up the inverted models and the empirical 

results. Chapter 9 will summarize the findings throughout the thesis that will contribute to answering 

the problem statement. Finally in chapter 10 we will give our recommendations for further research.  

2. Methodology and data 

This study is based on data from different Scandinavian companies that has traded bonds on an 

exchange or over the counter before they have conducted an IPO. To find an IPO price for each 

company the inverted version of the structural models is used, explained in the theory chapter. The 

price is then compared to the market value after the first trading days, to give an indication of the 

accuracy of the model. Based on this, it is possible to determine the information value of the credit 

spreads as an indication of an IPO price. 
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2.1. Collecting data 

Our main sources when collecting the data from the different corporate bonds will be Bloomberg and 

Stamdata (www.stamdata.no). Stamdata is a database, owned by the Nordic Trustee, which delivers 

reference data for Nordic debt securities. Nordic Trustee is the premier provider of trustee services in 

the Nordic market (“Dette er Nordic Trustee,” n.d.). The data includes among other detailed 

information on bonds issued by corporate borrowers. Stamdata includes both corporate bonds that are 

traded on the different exchanges in the Nordic and corporate bonds that are traded Over-The-

Counter. By using Stamdata it is possible to select all the Scandinavian companies that has issued bonds 

before they have gone public on their respective stock exchanges. Bloomberg is used to find the 

historical prices of the selected corporate bonds until at least one month after the IPO. Bloomberg is 

the leader in global business and financial information (“History and Facts,” n.d.). This data gives the 

necessary information to calculate the estimated credit spreads and IPO prices from Stamdata and 

Bloomberg, including interest type, coupon, reference rate etc.  

 

The data showed that many companies traded bonds before they went public. However, to find 

historical prices of the bonds turned out to be difficult when the majority of the bonds did not have 

prices available. This is due to the illiquidity of the bond market, or that Bloomberg does not have 

access to the trading data. The result is that this paper only includes information from 7 companies. 

This affects the ability to get significant results when testing the inverted structural model empirically. 

2.2. Setting up the model 

Due to the limited information on historical bond prices, it is hard to get sufficient evidence when 

testing empirically. We will therefore focus on the theory behind the analysis. There is one main model 

that uses the relationship between spread and price in order to determine the spread, which is called the 

structural model of credit risk. Our focus will be on this theory, and we will use the classical Merton 

and a few of its extensions to exemplify the theory. By gaining a full understanding of why there is a 

theoretical relation between the spread and price, we will use this relation to make an inverted model 

where we go from spread to price. Prior to building up our model, we will empirically test if there 

actually is a relationship between credit spread and price.  

2.3. Empirical test 

The model is tested empirically to check if the credit spreads has a predictive power. First, we study the 

spread and price movement of the bonds. This is important, because if it is possible to use bonds to 

value a company prior to an IPO based on the relationship between equity and debt, the debt has to 
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behave in the same way before and after an IPO. If this is not the case, then the IPO has an effect on 

the traded debt. If the bond price is affected by the event, it cannot be used as indicator for the IPO 

price. 

 

Next we want to investigate the link between bonds and equity, to empirically check if there is any link 

between performance measures and bond spreads. We do this to check if there is a link between bond 

spreads and equity. We will also plot our observations because it can be difficult find any significant 

results with only a hand full of observations.  

 

At the end, the results are tested by using inverted Merton and Geske models to estimate the equity 

price for each company.  

2.3.1. Empirical test methods 

2.3.1.1.  Regress ion analys is  

When doing regression analysis, one of the most important choices is whether to use OLS or maximum 

likelihood. For financial data, the rule of thumb is to use maximum likelihood, because changes are 

assumed to have normal distribution in financial data (“Normal Distribution,” n.d.). In our thesis this is 

especially relevant because we are using the Merton model, which assumes normal distribution. 

However as we have few observations, maximum likelihood won’t be used in our analysis, as it will 

most likely yield some very strange results (National Institute of Standards and Technology, 2015). To 

exemplify this, we have plotted randomly generated numbers from excel, with a standard deviation of 

one, mean of zero and seed of one. The numbers of observations we have plotted are 10 and 100.  
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Normal distribution of 10 observations 

 
Figure 2.1 

 

With 10 observations it is very difficult to say if there is any normal distribution. Using a maximum 

likelihood model here will cause the mean and standard deviation to be unrepresentative of the “true” 

mean and “true” standard deviation. 

 

Normal distribution of 100 observations 

 
Figure 2.1 

 

With 100 observations it is easy to see that the dataset has a normal distribution. Here the maximum 

likelihood will yield very good results, because the mean and standard deviation will be close to their 

“true” values. Here the outliers will be treated as rear events, and they will not affect the results the 
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same way they would affect the OLS results. As a result of this discussion, we will use OLS because it is 

simpler and the results will not be skewed in the same way normal distribution. 

2.3.1.2.  Augmented Dickey-Ful ler  

In our model we want to check if there is a relationship between debt and equity value, and to see if we 

can use this relationship to price equity. One prerequisite for this to be true, is that movements of the 

debt price does not change after the company goes public.  To do this, we first want to create a stable 

model for predicting price movement, and then test if the model has any significant changes on dates 

relevant to the IPO. We will therefore use an Augmented Dickey-Fuller test to test if our model is 

stationary. The formula for the Augmented Dickey-Fuller is as follows. 

 

∆𝑌! = 𝛼 + 𝛽𝑡 + 𝛾𝑌!!! + 𝛿!∆𝑌!!! +⋯+ 𝛿!!!∆𝑌!!!!! + 𝜀! (Equation 2.1) 

 

In our model ∆𝑌!  will be the change from the previous period. 𝛼 is a constant. 𝛽𝑡 is a trend parameter. 

𝑌!!!is the previous value. ∆𝑌!!! is the previous change multiplied with a parameter 𝛿!. Lastly 𝛾 is the 

key component in the formula. The idea behind the formula is that if the time series is non-stationary, 

then 𝑌!!! will have no explanatory value other than the differentiated values of 𝛿!!!∆𝑌!!!!!, in other 

words 𝛾 = 0. If the series is stationary, then 𝛾 < 0 (Fornby, n.d.).  

 

In layman’s terms 𝛾 is a parameter that affects the next observation in the opposite direction of the last. 

This prevents the time series from going on long runs of upwards or downwards deviations from the 

mean. To give a graphical interpretation, we have plotted a stationary and a non-stationary time series, 

were both have a trend and mean of 0 as well as a standard deviation of. This can be seen in figure 2.3. 

The non-stationary deviates from the mean with longer trends, which is harder to predict than the 

stationary, where most large movement is counteracted in the next observation (Fornby, n.d.).  
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Figure 2.3 

 

The value of p in the formula determines the amount of lagged variables in our model. To determine 

this, we have used the ARIMA function in the statistical program SAS (Nau, n.d.), and estimated what 

amount of lags that gives the highest value of BIC (Bayesian information criterion) (“Building ARIMA 

Models,” n.d.).  

2.3.1.3.  Chow tes t  

To test if there are any changes in how the price and credit spread moves over time, we use a chow 

test. Chow tests are used to check if the best-fitted model has a significant change at a specific point in 

time. In our calculations the relevant points in time is around the time an IPO is announced, when the 

initial price range is set, and at the IPO date.  

 

An example of the chow test can be to check if 𝑌 = 𝛼 + 𝛽1+ 𝛽2 has a break at time 10. To test this 

we create two regressions and test if the parameters are significantly different. 

 

𝑌!!!" = 𝛼 + 𝛽1+ 𝛽2    𝑎𝑛𝑑  𝑌!!!" = 𝛼! + 𝛽1! + 𝛽2!(Equation 2.2) 

 

If the parameters are significantly different, then we have a break in our data set at time t=10. In this 

thesis, confirming a significant break at any date relating to the IPO, will suggest that the relationship 

between equity and debt is different for public and non-public companies.   

2.3.2. Anecdotal case study 

The empirical part of our analysis will be our weakness, as we do not have sufficient of data. As 

explained above, there are no other studies or theses that has investigated our problem statement. The 

lack of enough relevant data can be some of the explanation behind this. Our thesis will therefore be an 

anecdotal form of case study, meaning that our results cannot provide any proof other than perhaps 

assisting future research. With our case study as a starting point we believe it will be possible to 

examine our problem statement in more depth, if trading in the bond market increase. 

3. Theoretical Background 

In our theory section we will start by giving an interpretation behind the structural model of credit risk. 

We will therefore first go through the classical Merton model, following by some of its popular 

extensions. By gaining a full understanding behind the classical model and its extensions, we will be 
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able to explain the theoretical existence of the relationship between equity and debt, where we will 

finish by giving our own interpretation of a theoretical inverted model.  

3.1. Merton model 

The Merton model (1974) was the first structural model and has served as the cornerstone for all other 

structural models (Wang, 2009). Robert C. Merton was the man behind the model, and it was made as 

an extension of the Black-Scholes model (Merton, 1974). The model assesses valuation of corporate 

debt securities, where it uses credit spread as the price of the debt securities, since the exposure to 

credit risk is linked to structural variables (assets, liabilities, etc.)(Wang, 2009). In order to fully 

understand the Merton model we want to first go through how pricing of corporate liabilities can be 

linked to call and put options.  

3.1.1. Viewing corporate equity and debt as options 

Linking credit and equity markets by treating a company’s equity and debt as options, is one of the key 

aspects of this thesis, in addition to that it is Merton’s main intuition when valuing corporate debt. The 

reason this is possible is because the Merton model treat a company’s equity as a call option on its 

assets, which allows for applications of Black & Scholes option pricing methods when valuing risky 

debt (Wang, 2009).  In option pricing theory, the value of the options are determined by the underlying 

asset (Simone, Rodolfo, Xiao, Keen, & Kabundi, 2008). Hence, in the structural model, the expected 

loss in the risky debt will be a put option and equity a call option, and the values of these options are 

observable. The value of the firm however is unobservable, which result in that one uses the observable 

option prices to determine the unobservable value of the firm (Simone et al., 2008). To give a better 

understanding we will present the following scenario.  

 

Suppose we have perfect capital markets as defined by Miller and Modigliani, where there are no 

transaction costs, taxes and no informational differences between market participants. This indicates 

that the value of the firm is independent of its capital structure, and is simply given by the sum of the 

risky debt and equity values (Ong, 1999).  

(Equation 3.1) 

Where is the asset value (firm value). The firm has a simple capital structure and is financed by 

equity , and a zero-coupon debt  with face value K that matures at time T (Ong, 1999). At 

maturity, if the asset value is higher than the face value of the debt, the company’s debtholders receive 

the face value of the debt, and the shareholders’ equity has a value of . However if the asset 

At = Et +Dt

At

Et Dt

At −K



 14 

value is lower than the face value of the debt, the company defaults on its debt at maturity. In this 

scenario the debtholders will have the first claim on the asset , and the shareholders will receive 

nothing (Wang, 2009).  The equity value at time T will therefore be the greatest amount of the previous 

two scenarios and can be written as, 

(Equation 3.2) 

As we can see, this is the same as the payoff of a European call option with an underlying asset  and 

exercise price  maturing at time T. The payoff of the equity at time T is illustrated in figure 3.1. 

Given that the face value of the debt is 100, the firm will default when the asset value is below 100 and 

not default when the asset value is over 100. Hence as mentioned above, the shareholders receive 

nothing when the firm defaults and  when the firm doesn’t default.  

 

When it comes to the debtholders, their payoff (value of the debt) will be equivalent to a short put 

option with exercise price of the face value of the debt. The payoff is decomposed in two components, 

a default-free value of the debt and the expected loss arriving from default (Simone et al., 2008).  In the 

event of default, the debtholders has to absorb the losses and hence receive a payoff equivalent to a 

short put position. Otherwise they receive a payoff equivalent to the distress barrier, which in this case 

is the face value of the debt at 100. The payoff of the risky debt will therefore be modeled as, 

(Equation 3.3) 
Where the first component represents the payoff from investing in a risk-free zero coupon bond 

maturing at time T with a face value of D, and the second component represents the payoff from a 

short position in a put option on the firm’s assets with a exercise price of the face value of the debt, K.  

The debtholders total payoff and the decomposed payoff is presented in figure 3.1 and 3.2.  

 

At

Et =max(At −K, 0)

At

K

At −K

Dt = D−max(K − At, 0)
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Payoff of equity and debt 

 
Figure 3.1  

 

Decomposed debt payoff 

 
Figure 3.2 

 

It is important to understand the intuition behind the relationship between debt and equity as Merton 

and the other structural models use this to price corporate liabilities. However one should note that 

there are several assumptions connected to this intuition. These are that default can only happen at 

maturity, the debt is characterized as zero-coupon bond and that there are no dividend payouts, which 

is not realistic. The reason behind this and other assumptions will be explained in more detail in the 

next section. 

3.1.2. Merton assumptions 

All the assumptions that has been made in order to interpret a connection between equity and debt in 

the structural model can be seen in the following (directly quoted)(Merton, 1974): 
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II. There are a sufficient number of investors with comparable wealth levels so that each investor 

believes that he can buy and sell as much of an asset as he wants at the market price 

III. There exits an exchange market for borrowing and lending at the same rate of interest 

IV. Short-sales of all assets, with full use of the proceeds, is allowed. 

V. Trading assets takes place continuously in time 

VI. The Modigliani-Miller theorem that the value of the firm is invariant to its capital structure 

obtains 

VII. The Term-Structure is “flat” and known with certainty i.e. the price of a riskless discount bond 

which promises a payment of one dollar at time τ in the future is P(τ) = exp[-rτ] where r is the 

(instantaneous) riskless rate of interest, the same for all time. 

VIII. The dynamics for the value of the firm, V, through time can be described by a diffusion-type 

stochastic process with stochastic differential equation 

𝑑𝑉 = 𝛼𝑉 − 𝐶 𝑑𝑡 +   𝜎𝑉𝑑𝑧  (Equation 3.4) 

Where α is the instantaneous expected rate of return on the firm per unit time, C is the total 

dollar payouts by the firm per unit time to either its shareholders or liabilities-holders (e.g., 

dividends or interest payments) if positive, and it is the net dollars received by the firm from 

new financing if negative; σ2 is the instantaneous variance of the return on the firm per unit 

time; dz is a standard Gauss-Wiener process. 

 

One should note that we are using Gauss-Wiener and Brownian motion as different terms in this thesis 

and hence want to clarify the differences. Brownian motion and Wiener processes are essentially the 

same, where they are both integrals of a white noise Gauss process and in our thesis we do not need to 

do any calculation based on any other Gauss process. The notation Gauss-Wiener is sometimes used to 

clarify that it is a Wiener version of a Gauss process. But for all intent and purposes, Brownian motion, 

Wiener process and Gauss-Wiener process are all the same. They all model how random movement 

can be predicted in continuous time.  

 

These assumptions are essentially the same as the Black-Scholes formula (Black & Scholes, 1973). This 

is because Merton took what Black and Scholes said was possible within the framework of the Black 

and Scholes-model, and extended it be applicable for pricing debt. The first four assumptions are 

perfect market assumptions and can according to Merton himself be substantially weakened. The 6th 

assumption is proven by the Merton model, as the firm value is independent of the capital structure. 

The 7th assumption is made to clearly separate the risk structure from the term structure’s effect on 
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pricing. This is reflected by the constant risk-free interest rate in the structural model. The most 

important assumptions are the 5th and 8th, which states that the market is always open and that we 

cannot predict the next day’s return.  

 

In our analysis some of the assumptions are likely to be unrealistic, particularly the 2nd assumption, as 

many of the bonds are traded over-the-counter and are not open for trade in a free trading place. It can 

also be argued that the liquidity in these kinds of cases is poor. However the two most important 

assumptions, the 5th and 8th, does not pose any particular problem. Given that they are assumptions 

that are widely used in economical theory, such as Black & Scholes (Black & Scholes, 1973) and the 

CAPM (Sharpe, 1964). The reason these two assumptions are very important has to do with the 

mathematics of the Black & Scholes model. In assumption 8th Merton assume that stock returns are 

random (stochastic process) with one unit of standard deviation that is normally distributed. This 

means that we cannot predict the next days, hour or minutes returns, but they are likely to be in a 

certain interval. There have been several studies on this, and they have come up with mixed results. 

However if assumption 8 is true, it implies that any one who makes any money on the stock market is 

lucky. This is one of the reasons we consider this assumption to be unlikely that it is true. On the other 

hand, the Black & Scholes model is very widely used, and when we are pricing an asset we want to find 

out how much other people are willing to pay for it. From this view, the Black & Scholes formula is 

excellent, because it provides us with a price that is similar to what the other actors think it is worth 

(Bryne, 2011). The 5thassumption exist to accommodate the mathematics of a process as discussed 

above. Merton came up with the idea of using Ito´s calculus to derive the time plots as continuous, 

which solved some of Black & Scholes initial problems with the model (BBC, 2000). Ito´s lemma is a 

complex mathematical equation for finding the derivatives of a time stochastic process. In layman's 

terms, it is a function to predict where a certain kind of process is heading. It was first developed for 

rocket-science, to help guide missiles to their target (The University of Sheffield, 2015), but it is also 

very useful in predicting where a stock price is moving.  

3.1.3. The Basic Concepts of Merton 

In the basic Merton model the firm value is given by the market value of its risky assets and is assumed 

to be uncertain due to several factors such as general economic conditions, industry risk, among others 

(Ong, 1999). By assuming that the firm’s assets are instantaneously normal, with constant drift  and 

constant asset volatility , the dynamics of the asset value follows a geometric Brownian motion, 

which is equivalent to assumption 8 in previous section 

µ

σ
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(Equation 3.5) 

The value of the firm’s assets is therefore given by a log normal distribution, 

(Equation 3.6) 

Where  denotes the initial value of the firm’s assets. The expected value of the firm’s risky assets is 

determined as, 

(Equation 3.7) 

As the value of the firm’s assets is given by a lognormal distribution, it is suitable to determine the 

probability of default (Ong, 1999).  An illustration of the default probability and the theoretical 

concepts is given in figure 3.3. 

 

Basic concepts of Merton’s model 

 
Figure 3.3: (Source: Ong, 1999) 

 

Here we see the distribution of the firm’s asset value at terminal time T. Referring to section 3.1.1, we 

know that the firm’s debt has a face value of D. In addition, if the value of the asset at maturity  is 

greater than the face value of debt, the debtholders receive the face value of the debt. Otherwise the 

firm defaults and the debtholders receive the value of the asset as mentioned previously. The 

probability of default can therefore be written as (Ong 1999), 

 (Equation 3.8) 

In figure 3.3 the probability of default is given by the shaded area below the face value of the debt, D.  
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3.2. Derivation of the Merton formula 

When deriving a valuation of corporate securities, Merton start by giving a simplified case, where a 

company has only one source of debt with market value Y which can be written as a function of firm 

value V and time (Merton, 1974). 

𝑌 = 𝐹(𝑉,𝑇) (Equation 3.9) 

Because this equation would be depended on the value of the firm, the dynamics of the debt will be 

given by,  

𝑑𝑌 = 𝛼!𝑌 − 𝐶! 𝑑𝑡 +   𝜎!𝑉𝑑𝑧! (Equation 3.10) 

Where dY is the change in bond value, αy is the instantaneous expected rate of return per unit time of 

this bond, Cy is the dollar payout per unit time of the bond σ2
y is the instantaneous variance of the 

return per unit time. The process behaves as described in assumption 8.  

 

Using Ito´s lemma as explained in section 3.1.2 this process can be written as: 

𝑑𝑌 = 𝐹!𝑑𝑉 +
!
!
𝐹!! , (𝑑𝑉)! + 𝐹! (Equation 3.11a) 

= !
!
𝜎!𝑉!𝐹!! + (𝛼𝑉 − 𝐶)𝐹! + 𝐹! 𝑑𝑡 +   𝜎𝑉𝐹!𝑑𝑧 (Equation 3.11b) 

Comparing these two equations it is possible to derive the following.  

𝛼!𝑌 = 𝛼!𝐹 =
!
!
𝜎!𝑉!𝐹!! + 𝛼𝑉 − 𝐶 𝐹! + 𝐹! + 𝐶! (Equation 3.12a) 

𝛼!𝑌 = 𝛼!𝐹 = 𝜎𝑉𝐹! (Equation 3.12b) 

𝑑𝑧! = 𝑑𝑧 (Equation 3.12c) 

 

This implies that the instantaneous return for firm value V is perfectly correlated with the 

instantaneous returns for debt value Y. The link between firm value and debt also holds for other 

securities even if Y represents stocks instead of bonds. In other words, the return on bonds and the 

return on stocks, are perfectly correlated. This is vital for our estimation because it show a theoretical 

link between the movements of debt and equity.  

 

Another part we want to highlight is the no arbitrage restriction, because it is essential for the pricing of 

bonds relative to equity and visa versa. To do this we will use the same example that Merton uses in his 

paper (Merton, 1974). Merton considers a three-security portfolio, with firm (W1), security (W2) and 

riskless debt (W3). He assumes this portfolio has an aggregated investment of zero, in other words all 
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investments has a short counterpart that makes the total investment zero, meaning we can write the 

investments as. 

𝑊! = −(𝑊! +𝑊!) (Equation 3.13a) 

If dx is the dollar return it is possible to derive the following.  

𝑑𝑥 =𝑊!
!"!!"#

!
+𝑊!

!"!!!!"
!

+𝑊!𝑟𝑑t (Equation 3.13b) 

𝑑𝑥 = 𝑊! 𝛼 − 𝑟 +𝑊!(𝛼! − 𝑟) 𝑑𝑡 +𝑊!𝜎𝑑𝑧 +𝑊!𝜎!𝑑𝑧!  (Equation 3.13c) 

From equation 3.12c we know instantaneous returns on securities and asset value are perfectly 

correlated. Merton could therefore derive the dollar return to be; 

𝑑𝑥 = 𝑊! 𝛼 − 𝑟 +𝑊!(𝛼! − 𝑟) 𝑑𝑡 + 𝑊!𝜎 +𝑊!𝜎! 𝑑𝑧(Equation 3.13d) 

Continuing, Merton reasoned that he could set the expected instantaneous return on his investment to 

0. Because perfect capital markets require an investment with no risk and no required capital (no 

arbitrage), Merton made the following mathematical constraints in order to reflect this.  

 

𝑊!𝜎 +𝑊!𝜎! = 0 (Equation 3.14)  (no risk) 

𝑊! 𝛼 − 𝑟 +𝑊!(𝛼! − 𝑟) = 0  (Equation 3.15) (no arbitrage) 

 

A solution where the expected instantaneous return on the investment is 0 without the investment 

actually being 0, only exits if risk adjusted returns are equal. In mathematical terms this can be 

expressed as:  

!!!
!

= !!!!
!!

 (Equation 3.16a) 

 

Where the left hand side of the equation represents the return minus the risk free rate over the volatility 

of a firm and the right hand side of the equation reflects the return minus the risk free rate over the 

volatility of a security in the same firm. If we substitute this into the equation 3.12a, we see that: 

 

!!!
!

= !
!
𝜎!𝑉!𝐹!! + 𝛼𝑉 − 𝐶 𝐹! + 𝐹! + 𝐶! − 𝑟𝐹 𝜎𝑉𝐹! (Equation 3.16b) 

 

By rearranging and simplifying this equation, Merton shows the link between company value and 

security value.  

0 = !
!
𝜎!𝑉!𝐹!! + 𝑟𝑉 − 𝐶 𝐹! − 𝑟𝐹 + 𝐹! + 𝐶! (Equation 3.17) 
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As a result of the portfolio example Merton finds that for any security to be expressed as a function of 

time and firm value this above equation must hold. 

3.2.1. Pricing of zero-coupon bonds 

Referring to section 3.1.1, we know how corporate debt can be viewed as an option in the simple 

scenario where a firm holds one bond and one stock outstanding. Explained in more detail there are 

some provisions and restrictions for the contract of the bond issue. The first one is that the firm 

promises to pay a total of B dollars to the bondholders on the specified calendar date T. Second, if the 

bond payment is not met, the bondholders will immediately take over the company and the 

shareholders receive nothing. Third, the firm cannot issue any new senior claims on the firm and the 

firm cannot pay cash dividends or do share repurchase prior to the maturity of the debt (Merton, 1974). 

As F represents the value of the zero coupon debt issue, one can rewrite equation 3.17 as, 

 

 (Equation 3.18) 

Where since there are no coupon payments; because of the third restriction above; 

 represents the length of time until maturity which means that . 

 

To be able to solve for the value of debt, one has to determine the value of equity. In order to do that, 

there are two boundary conditions and one initial condition that must be derived from the earlier 

restrictions to the contract explained above. Repeated from earlier, the value of the firm is defined as, 

 

     (Equation 3.19) 

 

Where f is defined as the value of the equity, and both equity and debt are functions of value of the 

firm and time until maturity. As both the bond and equity can only take on non-negative values, we 

have the first boundary condition, 

 

    (Equation 3.20a) 

 

For example if you borrow someone an amount of 100 you can maximum loose these 100 and nothing 

more, which is why bonds can’t have a negative value. Subsequently it is not possible for equity to 

obtain negative values as well.  

0 = 1
2
σ 2V 2Fvv + rVFv − rF −Fτ

Cy = 0 C = 0

τ = T − t Ft = −Fτ

V = F(V,τ )+ f (V,τ )

F(0,τ ) = f (0,τ ) = 0
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Second as , this gives us the second boundary condition, 

(Equation 3.20b) 

 

This means that the market value of debt can never exceed the market value of the firm. 

The initial condition is derived from restriction 1 and 2 from the contract of the bond and the fact that 

management is elected by the equity owners and therefore must act in their best interests. At maturity 

the firm must either pay the promised payment of B to the debtholders or else the current equity will 

be valueless. This gives the initial condition for the debt at maturity, 

 

 (Equation 3.21a) 

 

With the two boundary conditions and one initial condition in place, one can determine the partial 

differential condition for the equity value f, 

 

  (Equation 3.21b) 

 

Subject to 

 (Equation 3.21c) 
 

Where the last equation represents the payoff of a European call option with no dividend payments 

with stock price V and exercise price B, which is equivalent to the previous discussion regarding 

viewing debt and equity as options.  

 

This proves the crucial point where Merton defines the firm’s equity as a long call option and hence 

can define the firm’s debt as a short put option as explained in section 3.1.1.  Because of this price 

relationship between the levered equity and a call option, one can derive the value of the equity using 

Black Scholes. In Black Scholes they predict the value of a call option (w) based on stock value (x) stock 

volatility (v) time to maturity (t*-t) and a strike price (c). Where N(x) is cumulative normally distribution 

with a mean of 0 and a standard deviation of 1.  

 

F(V,τ ) ≤V

F(V,τ )
V

≤1

F(V, 0) =min[V,B]

1
2
σ 2V 2 fvv + rVfv − rf − fτ = 0

f (V, 0) =Max[0,V −B]
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𝑤 𝑥, 𝑡 = 𝑥𝑁 𝑑! − 𝑐𝑒!(!!!∗)𝑁 𝑑!  (Equation 3.22a) 

𝑑! =
!"! !! !!!!!

! (!∗!!)

! !∗!!
 (Equation 3.22b) 

𝑑! =
!"! !! !!!!!

! (!∗!!)

! !∗!!
 (Equation 3.22c) 

Merton uses the same equation, with initial asset value V, asset volatility , remaining time to maturity 

, strike price B, and a constant risk-free rate r. Where is the cumulative normally distribution with a 

mean of 0 and a standard deviation of 1, which can also be expressed by the equation below (Merton, 

1974): 

 

,    (Equation 3.23a) 

where   1, (Equation 3.23b) 

 and   , (Equation 3.23c) 

 and    (Equation 3.23d) 

 

As we know the value of the debt is the difference between the value of the firm and equity, we can 

write the final value of the zero-coupon debt issue as, 

 

,  (Equation 3.24a) 

where      (Equation 3.24b) 

 (Equation 3.24c) 

 (Equation 3.24d) 

 

 

As there is risk involved (default) in the bond, it is common to talk in terms of credit spread, 

 

                                                
1 This is equivalent to the cumulative normal distribution function 

σ

τ Φ

f (V,τ ) =VΦ(x1)−Be
−rτΦ(x2 )

Φ(x) ≡ 1
2π

exp[− 1
2
z2 ]dz

−∞

x
∫
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d ≡ Be−rτ /V

h1(d,σ
2τ ) ≡ −[1

2
σ 2τ − log(d)] /σ τ

h2 (d,σ
2τ ) ≡ −[1

2
σ 2τ + log(d)] /σ τ
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(Equation 3.25a) 

where     (Equation 3.25b) 

 

where R(𝜏) is the yield to maturity on the risky debt, R(𝜏)-r is the credit spread and d is the debt-to-firm 

value ratio. Said in other words, the credit spread is defined as the difference between the yield to 

maturity and the risk free rate (Ong 1999). The credit spread is therefore a function of the asset value, 

the volatility of the assets, the time until maturity of the debt and the face value of the debt (Ong 1999). 

This means that the credit risk is a function of the firm’s financial structure (debt-to-firm ratio), given 

by its leverage ratio, asset volatility and time until maturity. This highlights that the creditworthiness of 

a firm is dependent on three crucial matters, which can be given by the following function, 

 

Credit risk = f(Leverage ratio, Asset volatility, Debt maturity), (Equation 3.26) 

 

where the leverage ratio represent the ratio of the present value of its debt obligations to its current 

firm value.  

3.3. Extensions of the Merton model 

Since the work of Black & Scholes and Merton’s structural credit risk modeling, there have been many 

extended structural models, which represent important improvements for Merton’s original framework 

as they contribute to be more realistic and better align with market data (e.g. CDS spreads). Some of 

the improvements are represented below. 

3.3.1. Black & Cox 

One of the implied assumptions in the Merton model is that a company can only default at the maturity 

of the debt. This is implied because there is no input in the Merton model that accounts for the equity 

holder’s ability for declaring bankruptcy, and leaving the firm in the hands of the creditors, even 

thought they are likely to do this if they see no possibility of receiving any payoff at the maturity of 

debt 3.3. Fisher Black and Robert Cox dealt with this problem by looking at the firm’s capital structure. 

In only allowing firms to go bankrupt at the expiration date, there is an assumption in these models, 

implying that the firm value can go to extreme high and extreme low values without restructuring their 

finances. It is more realistic that the firm has certain upper and lower boundaries that if breached the 

firm will restructure their finances. These boundaries can be part of covenants in securities, or as part 

R(τ )− r = −1
τ
log{Φ[h2 (d,σ

2τ )]+ 1
d
Φ[h1(d,σ

2τ )]}

exp[−R(τ )τ ]≡ F(V,τ ) / B
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of the optimal decision-making by management. An example of an upper boundary is call options on 

debt, which limits the maximum value a bond can have before being called.  

In their model they assume that the upper boundary (C) is a constant, and that the amount that debt 

holders receive is a fraction (p) of the percent face value of debt (P). They also assume that equity 

holders are entitled to continuous dividend payments, proportional to the firm value. This is different 

from the Merton model, which restricts the stocks to not pay any dividend (Merton, 1974). 

  

To sum up the estimations and math, we start off with a standard equation and end up with a boundary 

that states the following; the present value of the default level cannot be bigger than the present value 

of the firm. This is very intuitive, because if this does not hold, then the equity still has a positive value, 

and the owners will continue to run the firm instead of defaulting. This gives us the following 

equations.  

0 = !
!
𝜎!𝑉!𝐵!! + (𝑟 − 𝑎)𝑉𝐵! − 𝑟𝐵 + 𝐵! (Equation 3.27) 

Ce!!(!!!) ≤ 𝑃𝑒!(!!!)(Equation 3.28) 

 

The fact that this theory allows for default before the time to maturity of the debt, creates a problem 

for our thesis. Summarized from earlier we want to determine the fair IPO price from the value of the 

debt, as the equity is not traded. By allowing for early default this would imply that the bondholders 

would have an incentive to manipulate the price of bonds to go down and take control over the 

company. To elaborate, in a perfect world, debt holders would always “know” the firm value and the 

price of debt would reflect this. As the firm value increases, the value of debt will move towards the 

value of risk free debt, and the value of equity would continue to increase. Black & Cox found that the 

risk of premature bankruptcy is not detrimental for the bondholders, because they are equally good of 

if the firm goes bankrupt early, or not. The problem with this in our model is that equity is a function 

of debt. This implies that even if the “true” value of the firm is above the upper boundary, 

bondholders have incentive to manipulate the price of bonds to go down and take control over the 

company. Their incentive comes from the fact that they would receive a higher value by manipulating 

the bond price and taking control of the company, than from not manipulating the price and just 

receiving the face value at maturity.  

 

The dilemma of bondholders manipulating the price is something Black & Cox have not been faced 

with. One could argue that the assumption from Black & Cox “Every individual acts as if he can buy or sell as 

much of any security as he wishes without affecting the market price” would effectively negate this dilemma. 
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Nevertheless, if you are holding all the debt and the value of the firm is sufficiently high, making the 

debt being risk free, you have the incentive to sell a small portion of the debt for a very low price. In 

our inverted model this would affect the value of equity and could force a transfer of the firm from 

equity holders to debt holders. Regardless of this being realistic or legal, it is the optimal move for the 

debt holders in such a scenario. Thus we have to conclude that allowing a firm to go bankrupt at any 

time is not possible in a world were equity is not traded. Because of this we cannot include the findings 

from Black & Cox in our valuation (Black & Cox, 1976). 

3.3.2. The Geske Compund Option model 

In the Merton model you can only compute the debt as a single zero coupon bond, which is not always 

feasible. Robert Geske extends from the Merton model by allowing for the use of multiple debts with 

different characteristics through his use of compound options (Wang, 2009). A compound option is 

defined as an option to buy an option, in other words, it is an option on an option. In relation to using 

debt to price equity, this is handy when valuating firms with multiple debts with different 

characteristics.  

 

Referring to equations 3.23 and 3.24 Merton calculates the value of the corporate debt, when there is 

one debt outstanding. Hence this single debt equals the value of the firm’s corporate debt. However 

when one introduces several liabilities, as in the Geske model, one of these liabilities won’t be the same 

as the firm’s corporate debt. Said in other words, if a company has two liabilities, one that expires today 

and one that expires in one year, the value of the liability that expires today won’t be equal to the firm’s 

overall corporate debt. This dilemma is what Geske provides a solution to in his model. Because the 

intuition behind Geske and Merton’s models is not significantly different, we will only provide the final 

model for this solution. Here Geske calculates the price of C which can be interpreted as the value of 

equity given the payments K and M, where K represent an interest payment (if only one interest 

payment is left), or the first bond that matures if the firm has two bonds, and M is the final bond or 

final bond payment. The value of equity is therefore given by the following equation.  

 

𝐶 = VN! ℎ + 𝜎 𝜏!, 𝑘 + 𝜎 𝜏!; 𝜏! 𝜏! −𝑀𝑒!!!!N! ℎ, 𝑘; 𝜏! 𝜏! − 𝐾𝑒!!!!N!(ℎ) (Equation 3.29a) 

Where 

ℎ =
!" ! ! !(!!!!!

!)!!
! !!

 (Equation 3.29b) 

𝑘 =
!" ! ! !(!!!!!

!)!!
! !!

 (Equation 3.29c) 
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𝑉 = 𝑡ℎ𝑒  𝑣𝑎𝑙𝑢𝑒  𝑜𝑓  𝑉  𝑠𝑢𝑐ℎ  𝑡ℎ𝑎𝑡 

𝑆! − 𝐾 = 𝑉𝑁! 𝑘 + 𝜎 𝜏 −𝑀𝑒!!"N! 𝑘 − 𝐾 = 0    𝑤ℎ𝑒𝑟𝑒  𝜏 = 𝑇 − 𝑡∗ (Equation 3.29d) 

 

This is very intuitive in relation to the Merton model. Starting form the latter equation, we have the 

value of the equity at time τ, has to equal the face value of the first debt payment, where the equity 

value is calculated from a Merton for risky coupon bonds. The hypothetical firm value 𝑉2 can be 

calculated by finding the firm value, which corresponds to an equity value that is equal to the face value 

of the first payment (K) at the maturity of this payment. This is because if the value of a firm is less 

than V, the equity holders will not pay the payment K, and they will loose control of the company. 

Mathematically this means that the 𝑙𝑛 𝑉 𝑉  in “h” replaces 𝑙𝑛 𝑉 𝑀  in “k” where “k” is identical to 

d2 in Black Scholes. Geske does this because intuitively 𝑙𝑛 𝑉 𝑀  is just the value of the company over 

the value in which the equity holders are indifferent in paying the debt or handing the company over to 

the creditors. As there are two periods in this model, it is not enough with only ln(V/M) and Geske 

therefore introduces ln(V/𝑉) in order to represent the first payment. By doing this, Geske was able to 

adjust the risk section of the Merton formula to include multiple payments. After also adjusting the 

equity equation to include multiple debt payments, Geske had derived a multi-period version of the 

Merton model.  

 

To make a very simplified explanation of Geske’s model, the model gives us the value of an option on 

an option. This can be interpreted as when one pay interest on a loan, which is equivalent to purchasing 

an option to buy the company at the expiration day of debt. In this way it extends the Merton model 

making it able to calculate a theoretical no arbitrage firm value with different types of debt and debt 

with different expiration dates (Geske, 1977).   

3.3.3. The KMV model 

The KMV model is a practical implementation of the Merton model, with a few modifications from the 

original concept. First off all, in the original Merton, a company defaults when their asset value reaches 

below the face value of the debt. The probability of default is therefore the likelihood that the asset 

value falls below the face value of the debt, which is the shaded area in figure 3.3 in previous section 

3.1.3. However this is not sufficient as the KMV corporation has observed that firms are generally 

                                                
2 Which is the lower boundary the firm value can have before going bankrupt. The value corresponds to a firm value that 

makes the equity holders indifferent between continuing or declaring bankruptcy when the first payment is due.  
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more likely to default when their asset values reach a certain critical level somewhere between the face 

value of total liabilities and the face value of short-term debt (Ong 1999). Hence the KMV model 

modifies the default threshold to lie between these two face values and calls it the Default Point (DPT) 

(Ong 1999). The Default Point is given by the sum of the short-term debt (STD) plus the half of the 

long-term debt (LTD) (Ong 1999). 

 

 (Equation 3.30) 

 

In order to calculate the probability of default, the KMV model introduces an index called Distance to 

Default (DD). This is defined as the number of standard deviations between expected asset value of the 

firm at the analysis horizon and the critical threshold of defaulting (Ong 1999). Or said in other words, 

it is the normalized distance between the mean of the distribution and the default point. Formally 

speaking, this is defined as, 

 (Equation 3.31) 

 

where  is the expected asset value of the firm at the analysis horizon H. The mathematics behind 

Distance to Default is shown in appendix 3.1.  

 

The probability of default in the KMV model will therefore be the likelihood that the asset value falls 

below the default point (Ong 1999), which is represented by the shared area in figure 3.4. 

 

Basic concepts of KMV’s model 

 

DPT = STD+ 0.5LTD

DD =
E[VH ]−DPT

σ

E[VH ]
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Figure 3.4: (Source: Ong, 1999)  

 

When calculating probability of default, the KMV model uses the actual probability3 instead of risk 

neutral probability, which is referred to as Expected Default Frequency (EDF) (Ong 1999). This gives 

us, 

 (Equation 3.32a) 

 

where 

4 (Equation 3.32b) 

where  is the value of the asset at time 0,  is the expected return of the asset in its drift term, is 

the asset volatility and  is the time to maturity.  

 

However one should note that even though the KMV model is a successful practical implementation of 

the Merton model it is crucial with an objective estimation of the input parameters (Ong 1999).  

3.4. Summary of the structural model 

In this chapter we have elaborated on one of the main classes of credit models for pricing risky debt, 

namely the structural model. We have seen that the credit risk model focus on one single issue, default 

risk, and it’s two sub effects: how to price it and how to measure it. In the structural models they 

measure default risk by determining the evolution of the firm’s assets (firm value) over time in relation 

to the firm’s debt. By extending the insight from Black & Scholes, these models are able to use option 

pricing theory to estimate the default risk of the firms, i.e. the credit spreads. This application of option 

pricing theory shows how credit spreads in the structural models are dependent on the firm’s capital 

structure (Ong, 1999) It is with this option theory that the structural model proves that there is a 

relationship between equity  and debt .  

3.5. Theories applied in our models 

When we are going to build up our inverted Merton model, we will use the original Merton model as 

our theoretical framework. However there are several extensions to the Merton model that we have 

also considered. The Black & Cox has some mayor intuitive obstacles that make it impossible to 

                                                
3 Same as Merton 
4	  d2 is the same as Distance to Default 

EDF = N(−d2 )

d2 = DD =
ln[V0 /DPTH ]+ µ − 0.5σ 2( )H

σ H
V0 µ σ

H
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introduce early default if equity is not traded. Geske is a multi period model of the original Merton and 

it does not require any new constraints. We will therefore use this model in our thesis. However 

because Geske adds no new constraints and just build upon the Merton model, we do not see the need 

to show how this is inverted. The Geske estimation will be done in a separate model. Finally with the 

model, it differs from the Merton model (except the fact that it is practical) in the calculations of the 

probability of default. Otherwise it has the same concept as Merton when deriving the credit spread 

from the share price. As we are not interested in deriving the probability of default, we will not include 

the KMV in our final model. However one should note that the rating agency Moody’s owns the KMV 

model, and even though they still use the same theory as the original KMV, they have extended upon 

the model. We do not have access to this model, but it is likely that it would be a better model for our 

calculations, because it is one of the most widely used models for rating bonds and calculating credit 

spreads. 

3.6. Estimating asset volatility 

Before chapter 3.7 is presented, it is important to assess how we will estimate asset volatility in our 

empirical section. This parameter is used in both the Merton model and Geske and is therefore 

essential to our thesis. 

 

There are several ways one can estimate the asset volatility of companies5. One possible way is to use 

equity prices to calculate the standard deviation of the annualized rate of return. According to the 

theory behind the structural model, the risk of the equity depends on the risk of the asset value because 

the equity is a call on the asset value. Hence one can show a relationship between equity volatility and 

asset volatility through the following equation (Löffler & Posch, 2007): 

 

𝜎! = 𝜎!𝑁 𝑑! 𝐴!/𝐸! (Equation 3.33) 

 

where d1 is the same as the one in the Black-Scholes model and 𝐴! is the sum of the market value of 

equity 𝐸! and book value of debt. By assuming N(d1) = 1 one gets the following formula for the asset 

volatility: 

 

𝜎! = 𝜎!𝐸!/𝐴! (Equation 3.34) 

 
                                                
5 One other way is to estimate beta asset (Löffler & Posch, 2007) 
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With a N(d1)=1 the probability of default of a firm is zero. By assuming no default before bond 

maturity of the chosen companies in this thesis, the estimation becomes pretty straightforward. The 

estimation output is shown in the empirical section of this thesis.  

3.7. Inverted structural models 

The Merton model is most commonly used to price debt as a function of equity.  However what the 

function actually does, as shown in the derivation of the Merton formula, is to determine the 

relationship between debt and equity values, based on firm value, volatility of the firm, time until 

maturity of debt, risk free rate and the face value of debt. In a normal analytical derivation, it would not 

be possible to price debt as a function of equity nor equity as a function of debt. This is due to the firm 

value, debt value and asset volatility are all unknown, which means we have multiple unknowns in one 

equation and that is unsolvable. To deal with this, one usually extracts the volatility of the firm from the 

volatility of equity. This leaves one with two unknown, but because the model shows a relationship 

between equity and debt, it is possible to estimate the firm value that corresponds with the current asset 

volatility and equity value. Calculating this gives an implied value of debt. Using this logic we can invert 

the models to explain the market value of equity based on debt.  

 

3.7.1. Inverting the Merton solution 

When it comes to inverting the Merton formula we would ideally want to move the value of debt over 

to the right hand side, and have the value of the firm on the left hand side. This way we would have 

firm value as an expression of debt value and everything would look very nice. 

𝐹 𝑉, 𝜏 = 𝐵𝑒!!" Φ ℎ! 𝑑,𝜎!𝜏 + !
!
Φ ℎ! 𝑑,𝜎!𝜏  (Equation 3.24a) 

Where 

𝑑 = 𝐵𝑒!!" 𝑉(Equation 3.24b) 

ℎ! 𝑑,𝜎!𝜏 = − !
!
𝜎!𝜏 − log  (𝑑) 𝜎 𝜏 (Equation 3.24c) 

ℎ! 𝑑,𝜎!𝜏 = − !
!
𝜎!𝜏 + log  (𝑑) 𝜎 𝜏 (Equation 3.24a) 

Unfortunately this is not possible in an analytical sense, because firm value is included in the normally 

distributed probabilities in h1 and h2. If we were to move the firm value outside, this would affect the 

properties of the normal distributed function and it would no longer represent what we want to find 

out. To make this absolutely clear we have also included a quick example. 

1 ∗Φ 200 = 1 

2 ∗Φ 100 = 2 
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100 ∗Φ 2 = 97,73 

200 ∗Φ 1 = 168,27 

 This clearly shows how moving numbers between the outside and inside of the equation changes the 

results. The reason this happens can be explained by how a cumulative normal distribution works. In 

order to gain a full understanding, we have graphed a cumulative normal distribution from -5 to 5 in 

figure 3.5. 

 

Cumulative normal distribution graph 

 
Figure 3.5 

 

As the graph shows, the cumulative distribution starts very low and then shoots up between -2,5 and 

2,5. This is because when you have a normal distribution with a mean of 0 and a standard deviation of 

1, it is very unlikely to find an observation with a value less than -2,5, but very likely to find an 

observation with a value less than 2,5. In our equation we want to move “V” out of the cumulative 

normal distribution and over to the left side of the equation. However the effect of doing this would be 

very dependent on the relationship between “B” and “V”, and without knowing “V” we cannot know 

the relationship and thus there is no solution to the problem analytically.   

3.7.1.1.  How to invert  in exce l  

Based on the above discussion, we instead choose to invert it as an empirical solution. This means that 

we will use estimation to find the value of “V” that corresponds to the bond spread. To show how this 

is done, we will present the following example that was computed in excel.  

 

 

0	  
0,1	  
0,2	  
0,3	  
0,4	  
0,5	  
0,6	  
0,7	  
0,8	  
0,9	  
1	  

-‐5	   -‐4	   -‐3	   -‐2	   -‐1	   0	   1	   2	   3	   4	   5	  
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Merton Model parameters 

Risk free rate 2,00 % f[V,tau] 152,91 

V  V  x1 4,35 

B  50,00  x2 4,00 

Vol  0,20  F[V,tau] 47,09 

Tau  3,00  H1 -4,35 

d  0,24  H2 4,00 

Spread 0,00   

Table 3.1 

The table above shows the main parameters of the Merton model. In order to find the firm value we 

had to assign some random values to the parameters risk free rate, face value of the debt (B), volatility 

and the horizon (tau). In this scenario we assumed the debt to be risk free, which implies a bond spread 

of zero. When we later in this thesis invert the Merton model, we have to extract these parameters 

based on the information we have from the different bonds and companies. However as we only 

wanted to give a simple example here, we just assumed some random numbers to these parameters. 

The debt to firm ratio, market value of equity and market value of debt where then found by using the 

same formulas presented earlier in the theory section. The calculations were the following. 

𝑓 𝑉, 𝜏 = 𝑉Φ 4,35 − 50𝑒!!%∗!Φ 4,00 (Equation 3.23a) 

𝑥!(4,35) = 𝐿𝑜𝑔 𝑉 50 + 2%+ !
!
20%! 3 20% 3(Equation 3.24c) 

𝑥!(4,00) = 4,35− 20% 3(Equation 3.24d) 

 

𝐹 47,09 = 50 ∗ 𝑒!!%∗! Φ 4 + !
!,!"

Φ −4,35 (Equation 3.24a) 

𝑑(0,24) = 50 ∗ 𝑒!!%∗! 𝑉(Equation 3.24b) 

ℎ! −4,35 = − !
!
20%! ∗ 3− log  (0,24) 20% 3 (Equation 3.24c) 

ℎ! 4 = − !
!
20%! ∗ 3+ log  (0,24) 20% 3 (Equation 3.24d) 

 

Finally by using solver we found the value of the firm to be around 200. This shows that there is no 

problem in calculating the firm value, based on debt information, and we will therefore use this layout 

as the foundation to our inverted Merton estimations. The final setup for the inverted Merton model in 

the empirical analysis, with all the parameters can be seen in appendix 3.2.  
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3.7.2. Inverting the Geske solution 

When inverting the Geske model we use the same intuition as with the Merton model, but we have to 

do something different. The Geske model has originally no implementation of credit spreads. Ideally 

you plot in all the interest and loan payments, and you find a theoretical fair price of the company. In 

our model we include the simplest form of Geske, namely the two-part model, which is not good 

enough to find a fair price of the companies. One of the reasons why we not include several payments 

in the model is because many companies has complex debt structures and we lack sufficient data from 

when payments are due on loans. One advantage of only doing two-part Geske, is that we want to 

introduce the concept of Geske and the reasoning behind it, without making it too complex and 

difficult to understand.  

 

The key component of the Geske equation is to find the 𝑉 is the value of the firm that makes the 

equity value at the time of the first payment equal to the value of the first payment.  

 

  𝑆! − 𝐾 = 𝑉𝑁! 𝑘 + 𝜎 𝜏 −𝑀𝑒!!"N! 𝑘 − 𝐾 = 0    𝑤ℎ𝑒𝑟𝑒  𝜏 = 𝑇 − 𝑡∗(Equation 3.29d) 

 

To do this we simply solve a normal Merton one period model with the time variable being the time 

between the first and second payment, and the second payment being the strike price, and the value of 

the equity being equal to the face value of the first bond. This gives us 𝑉, which is the lowest value the 

firm can have without defaulting at the time of the first bond payment. After this we calculate the value 

of the firm by using the Geske model. 

 

𝐶 = VN! ℎ + 𝜎 𝜏!, 𝑘 + 𝜎 𝜏!; 𝜏! 𝜏! −𝑀𝑒!!!!N! ℎ, 𝑘; 𝜏! 𝜏! − 𝐾𝑒!!!!N! ℎ  (Equation 3.29a) 

 

From our trading data we know the market value of the payment, and use this information to find the 

implied market value in the Geske model. In other words we set 𝐾𝑒!!!!N! ℎ  = market value of the 

first bond from trading data, and use solver to find the value of the company that makes this true.  

3.7.2.1.  How to invert  in exce l  

We will now go through an example of Geske as an inverted model. In this example we will assume we 

are analyzing the same company as in Merton, however in this example the bond from Merton is 

expiring in year 10 and in year 7 a second bond with a face value of 152,91 expires. We also assume that 

today’s market value of the second bond (the first to expire) is 130. 
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In this calculation we first calculated the lowest possible value the company can have at time 7, without 

going bankrupt from the first bond payment. Note that all the parameters are about the same values as 

before, with the exception of “k”. “k” is the equivalent of “h2” with the exception of “k” being 

adjusted for a Tau(𝜏!) of 10, instead of the Tau of 3. This is done because we are analyzing with a 10-

year perspective in this Geske example, and we were only analyzing 3 years in Merton. It should also be 

noted that “k” is used as x1, x2, h1 and h2, and that the formulas are adjusted to account for this so the 

results will be the same.  

 

By using the following formula we are able to calculate the level of V, which makes the owners 

indifferent to defaulting or continue running the company in year 7.  

𝑆! − 𝐾 = 𝑉∗ ∗ 𝑁! 3,88+ 20% 3 − 50𝑒!!%∗!N! 3,88 − 152,91 = 0    𝑤ℎ𝑒𝑟𝑒  𝜏 = 10− 7 
(Equation 3.29d) 

Geske Model parameters second payment 
Risk free rate 2,00 % V V* 
M (B) 50 f[V,tau] 152,91 
Vol 0,2 F[V,tau] 47,09 
Tau 3 kt(x and H) 3,88 

Table 3.2 

The table above shows the input parameters for the second payment of the Geske model. After 

calculating this, we use this value as a reference when calculating “h”, and we solve the call equation by 

using solver to estimate the value of V, that makes the market value of the first bond equal to 130.  

 

407 = V ∗ N_2  (2,01 + 20%√7; 3,88 + 20%√10;√(7 ⁄ 10)) − 50𝑒^(−2% ∗ 10)  N_2  (2,01; 3,88;√(7 ⁄ 10)) −

152,91𝑒^(−2% ∗ 7)  N_1  (2,01) (Equation 3.29a) 

Geske Model parameters first payment 
V 	  V	  	   First debt 130	  
K 153	   Second debt 40	  
𝜏! 10	   k 3,88	  
𝜏! 7	   h 2,01	  
Equity (C)  407	     	  	  

Table 3.3 

The table above shows the input parameters for the first payment in the Geske model. We found this 

value to be 580, but this value is not “adjusted” to the event of going bankrupt at the maturity of the 

first bond. Therefore the actual adjusted market value of the firm is 577, which is the sum of equity 

plus the first bond plus the second bond.  
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3.7.3. Summary 

In this chapter we have determined if it is possible to invert the two structural models Merton and 

Geske. Analytically we have not been able to invert the models because of how firm value is included in 

normal distribution functions. Empirically it is possible to invert the models, and we have shown how 

this is possible.  

4. Presentation of data 

In this section we will give a presentation of all the relevant data for each of the 7 companies that was 

chosen for this thesis. As deriving the credit spread was the most crucial part for us, we will start this 

section by explaining how we calibrated all the companies’ credit spread. Very simple explained, the 

credit spread can be derived by taking the difference between a treasury bond yield and a corporate 

bond yield where both has similar maturities. We will therefore start our explanation behind the 

calculations by determine in how we calculated the treasury bond yield curve for all the Scandinavian 

countries, or said in other words the spot rate curve, following by how we from there calculated each 

and single spread for all the 7 companies. After explaining the necessary calculations we are able to 

present the credit spread data among other types of data in a company overview section, in order to get 

an expression in how each company has performed before and after their IPO.  

4.1. Calculation of NSS spot rate curve for each country 

As the credit spread is the additional yield above a government bond an investor receives by investing 

in a corporate bond with the same maturity, we started our calculations by deriving Treasury bond yield 

curves that could match with all our chosen companies in order to derive the credit spread later on. We 

therefore wanted to derive theoretical spot rate curves, and not a basic Treasury yield curve, as the spot 

rate curve takes into account for securities that have varying coupons (“Advanced Bond Concepts,” 

n.d.). The Nelson Siegel Svensson (NSS) model for calculating spot rate curve is the most common 

model for calculating yield curves and is used by governments, Central Banks and other financial 

institutions, which is why we chose this model to calculate the different spot rate curves. According to 

the NSS model, the yield curve is given by the following formula.  

 

𝑦 𝜏 = 𝛽! + 𝛽!
!!!

!!!!
!
!!

+ 𝛽!
!!!

!!!!
!
!!

− 𝑒 !!!! + 𝛽!
!!!

!!!!
!
!!

− 𝑒 !!!!  (Equation 4.1) 
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Where 𝛽! represent the level of the NSS spot rate curve, 𝛽! represent the steepness of the curve, 𝛽! is 

the curvature of the first hump of the curve and 𝛽! is the curvature of the second hump of the curve 

(Cabera, Lammers, Morón Moreno, & Vegas Garcia, 2014). 𝜏! and 𝜏! determines where on the x-axis 

(time) the first and the second hump can be observed on the curve(Cabera et al., 2014). Given the 

above equation, the model also derived the following constraints in order for the yield curve to fit with 

the empirical data in a reasonable way. 

 

𝛽! > 0,𝛽! + 𝛽! > 0, 𝜏!,! > 0  (Equation 4.2) 

 

The first constraint states that 𝛽! has to be above 0. If this parameter had been below 0, it would imply 

that a bond with a long maturity can pay a negative interest rate. Having negative interest rates in the 

long run creates some intuitive difficulties, because investors are profit maximizing and will always 

choose the most profitable strategy. If interest rates are negative in the long run, then “keeping your 

money under a mattress” is a preferred strategy compared to risk free bonds. For this reason the 

constraint must hold. Further the model states that the sum of 𝛽! and 𝛽! has to be over 0, or else it 

implies that you have a long period with negative interest rates. In todays economical environment 

negative interest rates are not unheard of. For example in our case, both Denmark and Sweden has 

negative interest rates. One could therefore argue that this constraint seems uneconomical in today’s 

environment. However we chose to keep the constraints in our calculations, because we still see it as 

more realistic to expect the interest rates to be positive than them continuing to be negative for a long 

period of time. The last constraint where 𝜏! and 𝜏! has to be above 0, makes sense since the first and 

the second hump of the spot rate curve cannot be observed on the negative side of the x-axis with 

negative time values. As all the parameters has different impacts on the NSS yield curve, we will give a 

graphical representation in order to show how they affect the overall NSS spot rate curve.   

 

In order to gain a full intuition behind each parameter in the model, we have interpreted several 

graphical scenarios, showing how different levels of each parameter affects the overall spot rate curve. 

As mentioned above, 𝛽! represents the level of the curve. It is also a constant parameter unaffected by 

time, meaning as the formula approaches infinity the yield curve will move towards 𝛽!. This parameter 

therefore interprets the long run of the yield curve. Underneath we have plotted the yield curve with a 

𝛽! equal to 0,1 and all the other 𝛽 parameters equal to 0. In all the graphical scenarios we have given a 

value of 5 to both 𝜏! and 𝜏! in order to fulfill the last constraint. 
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Spot rate curve scenario 1 

 
Figure 4.1: 𝛽! = 0,1  

 

As we can see here, the spot rate curve becomes flat at 10 percent as all the other 𝛽 parameters where 

given a value of zero. Economically a flat yield curve would imply that invertors were given different 

signals in terms of the interest rates movements, resulting in investments in the least risky fixed-income 

securities in order to maximize returns (“Advanced Bond Concepts,” n.d.). When adding 𝛽! to the 

model, this would influence the beginning of the spot rate curve, i.e. the steepness as mentioned above.  

 

Spot rate curve scenario 2 

  
 Figure 4.2: 𝛽! = 0,1,𝛽! = −0,1 

 

In figure 4.2 we see the interaction of both beta1 with beta0. As expected, the steepness of the curve 

slightly exponentially decreases at longer maturities. Also one can see that in the long run the spot rate 

curve moves towards the beta0 value of 10 percent. The shape of this spot rate curve represent a more 

normal shape than the one above, indicating that you expect higher yield returns for fixed income 

securities that has longer maturities. When introducing 𝛽! to the model, one can see the determination 
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of the first hump of the spot rate curve more clearly. Remember 𝜏! indicates where on the x-axis the 

first hump is located. By giving a value of both 0,1 and -0,1 to the 𝛽! parameter, we get the following 

shapes of the NSS spot rate curve. 

 

Spot rate curve scenario 3 and 4 

   
Figure 4.3:  𝛽! = 0,15:𝛽! = −0,1:  𝛽! = 0,1                         Figure 4.4:  𝛽! = 0,15:𝛽! = −0,1:  𝛽! = −0,1 

 

As we can see, figure 4.3 has a clear hump at time 𝜏!= 5 as beta 2 is positive and figure 4.4 has a u-

shape at time 𝜏!= 5 as beta 2 is negative. When introducing 𝛽! and 𝜏! to the spot rate curve, the 

position and magnitude of the second hump or u-shape is determined.  

Spot rate curve scenario 5 and 6 

  

Figure 4.5: 𝛽! = 0,15:𝛽! = −0,1:  𝛽! = 0,1:𝛽! = 0,1      Figure 4.6: 𝛽! = 0,15:𝛽! = −0,1:  𝛽! = −0,1:𝛽! = 0,1 

 

Graphed above we see how 𝛽! impacts the graph at time 𝜏!. If we set both β2 and β3 to overlap at the 

same instant (τ1 = τ2 = 5), they will either increase or reduce the “hump” or “u-shape”, depending on 

them having the same sign or not. If they have the different signs but are of the same magnitude, they 

will cancel each other out and the curve will be as if β2 and β3 were equal to 0.  
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The data we used to calculate our spot rate curves were daily interest rates from government bonds and 

treasury bills, which are provided by the central banks “Norges Bank” in Norway and “Sveriges 

Riksbank” in Sweden. The interest rates we used were implied spreads for seven different maturities 

based on estimations from bonds traded in the market. For maturities under one year we used the 

implied maturities that was based on treasury bills and for maturities beyond one year we used 

government bonds. The pros of doing this are that we avoided a lot of the problems we would face if 

we were to use trading data from bonds. Problems such as a lack of liquidity and not knowing at what 

time the bond has been traded, only having access to the last trading price of any given day, and so on. 

The negative aspect of doing this is that we only had 7 observations, i.e. 7 companies. However 

because the interest rates were calculated based on many different bonds we feel confident that our 

model will still yield good results. We did not calculate the spot rate curve for Danish companies, 

because we could not find equivalent implied interest rates for Danish government bonds, and we 

found all the relevant spreads we needed for our Danish company (ISS) on Bloomberg. 

 

For the calculations of spot rate curves we used the NSS model as described earlier, and solver to 

estimate the parameters that fitted the data best in any given day. We estimated the parameters by 

minimizing the difference between the prices we obtained through the NSS model, and the prices 

provided by the central banks. Mathematically what we did was to minimize the sum of squared 

residuals between the observations we had and our estimated model, by changing the parameters 

𝛽!,𝛽!,𝛽!,𝛽!, 𝜏! and 𝜏!. Because the central banks provided interest rates and not bond prices, we 

assumed the bond- and Treasury bill prices were 100 and adjusted the rest of the model to fit this 

assumption. For the treasury bills we adjusted for accrued interest. Accrued interest is what happens 

when interest has been earned but not yet received (“Accrued Interest,” n.d.). An example of this can 

be if you have a bond with 2 years to maturity and a bond with 1 year 11 months to maturity. When 

comparing these two bonds you have to consider the interest rates, but also the fact that the second 

bond has earned one month of interest, which it has yet to receive coupon payment for. When 

calculating the accrued interest we counted the days it had already earned interest for, divided by 365 

and multiplied with the corresponding interest rate.  

 

𝐴𝑐𝑐𝑟𝑢𝑑𝑒  𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 = !"#$%&  !"  !"#$%$&#  !"#$  !"#$
!"#$%&  !"  !"#$  !"!#$  (!"#)

∗ 𝐶𝑜𝑢𝑝𝑜𝑛  𝑟𝑎𝑡𝑒 (Equation 4.3) 
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After sorting the formulas, we had to fit our model for every single day this meant we had to solve for 

over 1600 observations in Norway and over 800 observations in Sweden. This is not possible to do by 

“hand” in any reasonable amount of time, so we used VBA to automate our proses. The code is 

provided in appendix 3.3, but there are two very important things to note:  

 

1. The model is looping for a set amount of observations, which can be changed.  

We therefore first coded a formula that would repeat itself until the last observation. However by using 

the computers we had available, this would take over 12 hours. We therefore created a new code that 

only did a set interval, making us able to run the code on several computers and merging the 

documents in the end, which only took a few hours of solving.  

2. The model does not include the constraints from the NSS-model. 

We noticed that our constraints in VBA not always were followed, meaning that we would for instance 

get a 𝛽! = −0,0001, which is not a big deal in absolute terms, but we wanted it to be correct. To do 

this, we simply coded “IF” functions in excel to add large numbers to the sum of squared residuals. 

This means that the ideal solution would never break any constraints.   

4.2. Calculation of different spreads for each firm 

After calculating the NSS spot rate curve, we could go to the next step and solve for different types of 

credit spreads, depending on what kind of bonds each company had outstanding. For the bonds with 

fixed coupon, we chose to estimate the credit spread by using asset swaps. The idea behind asset swaps 

is to swap a fixed coupon payment from a bond with a floating coupon payment. The floating coupon 

payment will therefore be a spread over the relevant interbank rate, e.g. NIBOR. And it is this spread 

that is characterized as the asset-swap spread and is a function of the credit risk of the bond over the 

interbank credit risk (Pereira, 2003). The idea behind the asset swap spread is that it measures the 

difference between the market price of the bond and the value of the bond when cash flows have been 

valued using zero-coupon rates (Pereira, 2003). Hence the spread can be seen as the difference between 

the bond yield and the risk free yield.  

 

For the bonds with floating coupons, we therefore chose to estimate the credit spread by using the Z-

spread, or said in other words the zero volatility spread. The Z-spread is defined as the spread that is 

added to the implied spot yield curve in order for the discounted cash flows of the bond to be equal to 

its current market price (Choudry, 2005).  
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Some of the bonds we had in this thesis were callable, and we therefore chose to calculate a third type 

of credit spread for these types of bonds, namely the Option Adjusted Spread (OAS spread). The OAS 

spread is nearly the same as the z-spread, only that it accounts for embedded options6. OAS accounts 

for options by adjusting for changes in spread associated with an option. For callable bonds the OAS 

spread will be lower than the z-spread because the z-spread reflects the whole risk associated with the 

bond(StackExchange, 2015). 

 

Before we estimated each type of credit spread, there were a few steps we had to do first. First of all we 

had to plot in all the trading prices for the company’s bonds with its respective dates. This was 

necessary, as we wanted to minimize the difference between our own estimated bond price and the 

actual trading price. However one should note that the trading prices from Bloomberg are “clean” 

prices, which means that these prices does not include accrued interest. Therefore it was necessary to 

include the accrued interest in order to get the “dirty” prices of the different bonds. The accrued 

interest was found by using the formula explained earlier. When using dirty prices instead of clean 

prices, price changes to the bonds can be caused by where the bond is in terms of the coupon dates 

and not only economic, interest or credit quality changes (Babson, 2004). In order to calculate the 

estimated bond price, we started by plugging in the coupon dates, x-coupon dates, and the actual 

coupons from Stamdata. The difference between the coupon and x-coupon dates is that the investors 

don’t receive the coupon if they purchase the bond on or after the x-coupon date (Investopedia, n.d.-a). 

To exemplify this, assume the coupon date of a bond is 12th of December and the x-coupon date is on 

6th of December. This means that in order to receive the coupon the 12th of December, the investor has 

to purchase the bond before the 6th of December. In terms of the dirty price, whenever the bond 

reaches x-coupon, the dirty price of the bond drops (Risk Encyclopedia, n.d.). By having the coupon 

and x-coupon dates available we where able to adjust the previous calculated NSS spot rate curve in 

terms of if a certain date was on or after the coupon date. The formula used in excel was: 

 

IF (x-coupon date < input date);0; spotRateNSS((coupon date – input date)/365; parameters))7
 (Equation 

4.4) 
 

This means that if a certain date was on or after the x-coupon date, the investors would receive no 

coupon for the nearest coupon date, or else the coupon on that day would be equal to the NSS spot 

                                                
6 A call provision is an example of an embedded option 
7 IF(BT$4<(0,1+$A7);0;spotRateNSS((BT$5-$A7)/365;TRANSPOSE($AC7:$AH7))) 
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rate curve yield in terms of the number of days between the certain date and the coupon date. The 

estimated bond value was then found by taking the sum of each payment. The difference between each 

type of credit spread lied in the calculation of the payments. For the z-spread, each payment was 

calculated by using the following formula (Bionic Turtle, 2010); 

 

𝑃𝑎𝑦𝑚𝑒𝑛𝑡 = !"#$"%
(!!!"#$%&'"  !""  !"#$  !"#$%  !"#$%!!  !"#$%&)!"#$%&#'/!"#

 (Equation 4.5) 

 

The estimated bond price was then calculated by taking the sum of each payment, as mentioned above. 

The z-spread was then found by using solver by minimizing the squared difference between the 

estimated bond price and the dirty price, by changing the z-spread. We wanted to minimize the squared 

differences, as we wanted the estimated bond price to be as equal to the dirty price as possible. For 

floating rate bonds we calculated the coupon by adding the relevant interest rate to the coupon 

payment. For all upcoming payments this meant the current floating rate, however after the interest 

fixing date we used the fixed rate for the next coupon (Breaking Down Finance, n.d.).  

 

When calculating the option adjusted spread, we used the same formula for the payments as with the z-

spread; 

 

𝑃𝑎𝑦𝑚𝑒𝑛𝑡 = !"#$"%
(!!!"#$%&'"  !""  !"#$  !"#$%  !"#$%!!"#  !"#$%&)!"#$%&#'/!"#

 (Equation 4.6) 

 

We assumed the bond to be called at the least ideal time for the bondholders. In other words we 

calculated the estimated bond value for all days the bond could be called, adjusted for coupons, 

different call values and covenants, and then selected the lowest bond value. The covenants were 

adjusted for by including accrued interest on coupons and how many days prior a notification had to be 

made. The reason why we included the accrued interest was because it affects the call price. We 

included notification periods, because it affected the number of interest days. One should note that 

even though we have calculated the lowest amount a bondholder could receive from the bond, we 

hadn’t considered if this was the ideal choice for the owners of the company. By considering the cost 

of refinancing and the company’s need for capital, our spreads are presumably more conservative 

spreads than what the market might expect. 
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When calculating the asset swap spread we started by finding the payments by using the following 

formula in order to calibrate the estimated bond price (Markit, 2010), (JP Morgan, 2004)   

 

𝑃𝑎𝑦𝑚𝑒𝑛𝑡 = !"#$"%
(!!!"#$%&'"  !""  !"#$  !"#$  !"#$%  !"#$%)!"#$%&#'/!"#

  (Equation 4.7) 

 

We then found the duration for each of the input dates by using the following formula (JP Morgan, 2004), 

(Markit, 2010) 

 

𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 =    !
(!!!"#$%&'"  !""  !"#$  !"#$  !"#$%  !"#$%)!"#$%&#'/!"#

 (Equation 4.8) 

 

By having all the payments and durations we could calculate the asset swap spread (JP Morgan, 2004)   

 

𝐴𝑠𝑠𝑒𝑡  𝑆𝑤𝑎𝑝  𝑆𝑝𝑟𝑒𝑎𝑑 =    (!"#$%&#'(  !"#$  !"#$%!!"#$%  !"#$%)
!"#$%&'(

 (Equation 4.9) 

 

To check if the calculations of the different spreads where correct, we compared them to the spreads 

extracted from Bloomberg to see some relevance (see appendix 4.1).   

4.3. Company overview  

In our company overview section we will present each company, their main characteristics and 

development when it comes to their stock and bonds. When presenting each company, we start with a 

brief company description explaining what each company does, where they operate, etc. Further we will 

elaborate on each IPO by presenting the main facts and motivation from the firm’s perspective. Next, 

we will discuss the firm’s debt structure and main characteristics of the relevant bonds.  After this we 

will analyze how the firm has developed before and after the IPO, by graphing the stock price relative 

to its benchmark and our calculated relative bond spreads explained in previous sections. In our 

analysis will use Asset Swap spread for bonds with fixed coupon, Z-spread for bonds with floating 

coupon and OAS spread for bonds that are callable. When looking at the development of the spreads, 

we would ideally compare them with bond benchmark indexes, in order to see how the bonds have 

performed relative to the market. In Sweden there has been a benchmark index for many years8, 

(“NASDAQ OMX introduces indexes for swedish credit bond markets,” 2011), we will use this index 

for Bactiguard, who is listed on NASDAQ OMX Stockholm. For the Norwegian bond market, there 

                                                
8 NOMX Credit SEK Total Spread Index 
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came out several benchmark indexes this year that could be of relevance to us (“Oslo Børs launches 

new bond indicies,” 2015). However there are only a few months of data on these indexes, and we 

therefore compare the Norwegian bonds with 3M NIBOR instead, as changes in NIBOR can give an 

indication of credit spread. To keep our thesis consistent, we have chosen to use 3M CIBOR for the 

Danish company and 3M STIBOR for Swedish companies. 

4.3.1. Aker Solutions 

Aker Solutions is a Norwegian oil service company whose main focus is in the Engineering, Subsea and 

MMO (Maintenance, modifications and operations) sectors. On the 29th of September 2014 it was 

demerged from the parent company Akastor, where all the investors that held shares in the parent 

company received shares relative to their investment. This demerger is not a classical IPO case, but as 

the issued bonds before this demerger belonged under Aker Solutions and not the parent company, we 

chose to use Aker Solutions in our thesis. At the time of demerger, Aker Solutions had roughly a 

turnover of NOK 33 billion, which makes it one of the largest companies based on turnover (Kapital, 

2015). The implied stock price at the IPO date was NOK 65.35, which leads to a implied market value 

of 17.78 billion NOK (Aker Solutions, 2014c).  

 

The main motivation for demerging parts of the company was to realize synergies and position the 

company for more growth. Management felt that Aker Solutions could have a higher growth potential 

as one company, than as part of the mother company (at that time called Aker Solutions, but it changed 

name to Akastor just before the demerger) (Aker Solutions, 2014b). Aker Solutions had two bonds 

outstanding before the demerger, with the main characteristics shown in table 4.1 and 4.2. The bonds 

were created with a financial covenant stating that total borrowing could not exceed 4x 

EBITDA(Marine Money Offshore, 2014). The covenant was not broken because Aker Solutions still 

had a satisfactory EBITDA, which made it possible to simply just transfer the bonds over to the new 

company. This is very interesting for us, because we got to observe how the bond spreads reacted to a 

large scale restructuring of the firm. 

 

Aker Solutions A 

Issue Date 06.06.12 Redemption Type Bullet 

Maturity Date 06.06.17 Interest Type Floating 

Amount 1.5 NOK Billion Coupon Rate 3MN + 4.25% 

Callable Yes Frequency Quarterly 
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Table 4.1 (Source: Stamdata) 

Aker Solutions B 

Issue Date 09.10.12 Redemption Type Bullet 

Maturity Date 09.10.19 Interest Type Floating 

Amount 1 NOK Billion Coupon Rate 3MN + 4.20% 

Callable No Frequency Quarterly 

Table 4.2 (Source: Stamdata) 

 

The bonds are both unsecured bonds, with bond A having seniority over bond B. This means that 

these bonds are not secured with an underlying asset (Investopedia, n.d.-c). It also states that bond A 

has seniority over bond B. This means that in the event of a bankruptcy investors holding bond A will 

be fully reimbursed before the investors holding bond B gets any money back. This could reflect in a 

higher credit spread for bond B compared to bond A. However bond A is callable, which results in a 

higher spread due to the risk of the bond being called (Harper, n.d.). 

 

In figure 4.7 Aker Solutions’ share price after the demerger is graphed with its benchmark OSEBX 

Index, OSLENX index and the previous mother company, Akastor. Even though OSEBX is the firm’s 

benchmark index, we wanted to include the energy index of the Oslo Stock Exchange (OSLENX), as 

this index contains mostly oil companies and hence seemed to be a better benchmark index for this 

company (Oslo Stock Exchange, 2015).  

 

Historical share price and index (NOK) 

 
Figure 4.7: (Source: Bloomberg) 
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By looking at the graph, we see that Aker Solutions yielded a negative return compared to the OSEBX 

index ever since the demerger. This is very likely due to the downfall of the oil price, but it could also 

be because of the huge amount of stocks being released into the market at once, which created a sales 

pressure and forced the price down(Aker Solutions, 2014b). Compared to the previous mother 

company, Akastor, we see that Akastor had a better start, but fell behind in more recent moths. 

Compared to the energy index, the share price had been highly correlated with the index, except for the 

first month after the demerger. The poor performance in the first months could have been results of a 

high amount of shares being given to investors during the demerger. Previous demergers have shown 

that this can create a very high sales pressure right after a demerger(Aker Solutions, 2014c).  

 

When looking at the firm’s debt, we first graphed the bond spreads to see if there were any significant 

changes at the time of the demerger. As both bonds are floating coupon bonds, we would expect them 

to be negatively correlated with the floating rate, in this case the 3 Month NIBOR. This is because 

bonds with a floating coupon rate are usually negatively correlated to short term interest rates, such as 

3M NIBOR (Vanguard, 2010). Both spreads and inverse 3M NIBOR are graphed in figure 4.8. 

 

Historical bond spread and 3M NIBOR (basis points and percent) 

 

Figure 4.8 (Source: Bloomberg)  

 

The bond spreads has had a negative trend until September 2014 and then a positive trend where it 

peaked around December 2014. The negative trend may be partly explained by higher margins in 2012 

and also higher trading volumes, as this lowers the spread (Aker Solutions Annual Report, 2012). During 
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the period with the positive trend the bond spreads had some correlation with the inverse 3M NIBOR. 

This might be because they are both affected by the oil price, which saw a drop in the final third of 

2014.  

 

Bond Spread around IPO (Basis points) 

 
Figure 4.9 (Source: Bloomberg) 

 

Prior to the announcement day, 30.04.14, of the demerger the spreads were trending upwards, and they 

continued upwards after the announcement. This might be because of the market expecting the 

announcement and reacting prematurely, but because the move was so small it could just as well be 

other factors. At the approval, 12.08.14, there was really not much movement at all. After the demerger 

there was a clear trend upwards as explained above. With increased equity levels as a result of the 

demerger one should believe the spreads to decrease to lower levels. Instead other factors have had a 

bigger effect on the spread than the demerger itself. However as Aker Solutions operate in the oil 

supply industry, we believe the development of the oil price has had the biggest impact on the credit 

spread. With a 50 percent drop of the oil price in the second quarter of 2014, the growth prospects in 

the global oilfield services industry grew more uncertain and oil companies had to decrease their 

expenses (Aker Solutions, 2014a).  

4.3.2. Bactiguard 

Bactiguard is a Swedish healthcare company that produces a type of coating on healthcare devises in 

order to prevent healthcare associated infections (“Bactiguard Home,” n.d.). The firm was established 

in 2005 when it acquired the Bactiguard® technology platform in order to develop the technology 

further. (“The history of Bactiguard,” n.d.). Currently the company is involved in an expansion face 
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where it focuses on new markets in the EU, Middle East, Asia and South America (“Bactiguard 

Reports Increased Revenues and Improved EBITDA for the Second Quarter 2014,” 2014). For 

example in 2015 the company expanded to include sales in both China and India (Bactiguard Annual 

Report 2014, 2014), p.5.  

 

On the 19th of June 2014 Bactiguard went public with a price of SEK 38 on NASDAQ OMX 

Stockholm (“Bactiguard Press Releases,” n.d.). Before the IPO Bactiguard had one bond that was 

issued in December 2011 with an amount of SEK 450 million outstanding (Stamdata, n.d.-a). 

Bactiguard wanted to go public in order to reduce their leverage while continuing their expansion. The 

bondholders therefore had the opportunity to convert their bonds into equity (Unnerus, 2014). From 

the new equity and converted bonds, they reduced the net debt from SEK 480 million to SEK 22 

million. As a result, the firms annual interest cost was reduced from 50 million SEK to around 25 

million SEK (“Bactiguard Reports Increased Revenues and Improved EBITDA for the Second 

Quarter 2014,” 2014). The main characteristics of Bactiguard’s outstanding bond can be seen in table 

4.3.  

 

Bactiguard 

Issue Date 12.12.2011 Redemption Type Bullet 

Maturity Date 12.12.2016 Interest Type Fixed 

Amount 450 mio SEK Coupon Rate 11% 

Callable Yes Frequency Annual 

Table 4.3 (Source: Stamdata) 

 

The high coupon rate of 11% is mainly due to the result of the turbulent financial markets (Lagerlöf & 

Rosenlöf, 2012). The fact that the bond is callable may also have had an impact on the high coupon 

rate, as the investors want to be compensated for the risk of not receiving the remaining coupons if the 

bond is called (“Callable Bond,” n.d.). The stock’s movement and the OMX Stockholm Index is 

illustrated in figure 4.10.  
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Historical share price and index (SEK) 

 
Figure 4.10 (Source: Bloomberg) 

 

The stock had a negative trend ever since the IPO and underperformed the OMX Stockholm Index 

during the whole period. An IPO price of 38, which is in the lower part of the indicative range (37-50) 

is probably one of the reasons the share ended down 18% after the first day of trading (Logothetis, 

2014). Another reason is also because of the number of issued shares where reduced from their 

maximum amount of 17 million to 11 million. Ever since the IPO Bactiguard had a lot of negative 

response from the public, in terms of critique to their technology behind their products (“Bactiguards 

teknik får kritik,” 2014), increased loss in their quarterly reports (“Förlusterna ökar för Bactiguard,” 

2014), among other things. In August 2014, the stock made some positive progress as a response to the 

firm’s chairman bought a large amount of the shares (Logothetis & Åkerman, 2014). Overall the 

investors haven’t been happy with Bactiguard’s performance, resulting in Swedbank changing the stock 

recommendation from buy to neutral, driving the stock price further down (“Bactiguards rådgivare 

sänker sin rekommendation,” 2015).  The Stockholm stock exchange in general had a booming period 

over the last year as a result of, among other, the low interest rates, which explains why the benchmark 

index has had a positive trend and outperformed the Bactiguard stock.  

 

To get an indication of how Bactiguard’s bond has developed, we have graphed the asset swap spread 

of the bond together with the benchmark NOMX credit SEK Total Spread Index and the 3M STIBOR 

in figure 4.11. One should note that we did not calculate the dirty price when estimating the asset swap 

spread for Bactiguard as Bloomberg most probably quoted it as dirty to begin with. A more detailed 

discussion around this can be seen in appendix 4.2. 
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Bond Spread, Total Spread Index and 3M STIBOR (basis points and percent) 

   
Figure 4.11 (Source: Bloomberg) 

 

Even though the bond was issued on December 2011, Bloomberg have not quoted trading prices 

before 23.05.12. This may have something to do with the bond not being traded or maybe the fact that 

Bloomberg did not have access to the trading data. From the 23.05.12 until December 2012 the spread 

had a more or less stable decrease. There were two significant increases in December 2012 and 

December 2013. After the peak in February 2014, the spread had two significant decreases, which 

might have been a reaction to IPO announcements. Bactiguard`s IPO prospectus stated that the 

bondholders were given the option to trade the bond into equity with at the nominal price plus a 5% 

premium. This will be explained in more detail in the next figure, figure 4.12, were we determine the 

spread around the IPO. Lastly, one should note that from the period between December 2014 and 

April 2015 the asset swap spread had a significant increase again. This may be seen in relation to that 

the firm had a lot of negative response from the public ever since they did their IPO (Svensson, 2014). 

Compared to the bond benchmark index Bactiguard’s spread has had a more volatile development 

ending with a much higher spread in 2015. 
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Bond Spread around IPO (basis points)

 
Figure 4.12 (Source: Bloomberg) 

 

On the 16th of February 2014, Bactiguard made their first announcement regarding their IPO. 

(“Bactiguard uppvisar stark utveckling för 2013, utser ny VD och utvärderar notering på Nasdaq 

OMX,” 2014). After this announcement the asset swap spread made a significant decrease, reflecting 

that the reaction to the announcement was positive. Further the second announcement regarding the 

IPO came on the 23rd of May 2014, where the firm came with the statement of a planned IPO in the 

end of June month the same year (“Bactiguard Planerar Börsnotering på NASDAQ OMX Stockholm,” 

2014).  Also here the asset swap spread decreased as a positive reaction. On the 9th of June the final 

confirmation of the IPO came out where Bactiguard released their prospectus (“Bactiguard lanserar 

erbjudande, offentliggör prospekt och fastställar prisintervall inför notering på NASDAQ OMX 

Stockholm,” 2014). After this announcement the spread actually increased and increased even more 

after the IPO. Several investors chose to convert their debt into equity, pushing the trading volumes 

further down (Logothetis & Åkerman, 2014). Overall Bactiguard has had a bad development in terms 

of both their stock price and bond. 

4.3.3. Entra ASA 

Entra is a leading Norwegian real-estate company that produces, rents out and manages office 

buildings, as well actively managing their portfolio through the purchase and sale of properties. Their 

portfolio consists of 1.2 million square meters of property, and has a current market value (Q1 2015) of 

NOK 28 billion. Oslo is their main market, but they also operate in Bergen, Stavanger and Trondheim 

(“About Entra,” n.d.). The company was established in June the 1st 2000 when Norway separated its 

commercial real-estate from Statsbygg, which was the government’s property manager (Mohsin, 2014). 
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Entra was a state-owned company for many years, through the Ministry of Trade and Industry, until 

the state decided to decrease their stake in the firm by doing an IPO.  

 

On October the 17th 2014 Entra went public on Oslo Børs. The main motivation behind the IPO was 

to move the company to the private sector, as it was originally state-owned and the government wanted 

to reduce its stake. The IPO consisted of shares held by the Norwegian government and new shares 

that would be used to repay some of Entra’s outstanding debt (Bray, 2014). According to the 

prospectus their goal was to raise up to 108,936,209 shares with an indicative price range of NOK 61 to 

NOK 72 per share (Entra Initial Public Offering Prospectus, 2014). If all the new shares (new shares issued 

by Entra) and existing shares (shares held by the Norwegian government) had been sold, the 

government ownership would have been reduced to 34%-42% depending on if the Over-Allotment 

would be exercised in full or not (Entra Initial Public Offering Prospectus, 2014).  Entra managed to raise a 

total of NOK 2.7 billion, by selling 41.5 million new shares and 38.9 million existing shares in their 

IPO. This reduced the government’s ownership to 56.2%. Compared to the initial price range, the final 

IPO price was set to NOK 65 per share, which gave them a first day return of 1.9% (Mohsin, 2014).  

 

Entra is a real-estate company with a majority of fixed assets, which is very capital intensive to the 

extent that it does not generate sufficient cash from operations. The company has therefore needed to 

raise additional funds through both public and private debt in order to execute different strategies and 

fund capital expenditures (Entra Initial Public Offering Prospectus, 2014). Before the IPO Entra issued 

many bonds and had per 30 June 2014 a nominal interest bearing debt of NOK 15,432.4 million and an 

equity ratio of 28.7% (Entra Initial Public Offering Prospectus, 2014), p.24). With a significant amount of 

leverage, the company issued equity in order to pay down some of the outstanding debt as mentioned 

above. The main characteristics of the bonds are shown in table 4.4, 4.5, 4.6 and 4.7.  

 

Entra  5.55 

Issue Date 25.11.2009 Redemption Type Bullet 

Maturity Date 25.11.2019 Interest Type Fixed 

Amount 1.5 NOK Billion Coupon Rate 5.55% 

Callable No Frequency Annual 

Table 4.4 (Source: Stamdata) 

Entra 4.7 

Issue Date 06.12.2010 Redemption Type Bullet 
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Maturity Date 06.12.2017 Interest Type Fixed 

Amount 500 NOK Million Coupon Rate 4.70% 

Callable No Frequency Annual 

Table 4.5 (Source: Stamdata) 

Entra 5 

Issue Date 08.02.2013 Redemption Type Bullet 

Maturity Date 08.02.2023 Interest Type Fixed 

Amount 500 NOK Million Coupon Rate 5.00% 

Callable No Frequency Annual 

Table 4.6 (Source: Stamdata) 

Entra 4.25 

Issue Date 02.09.2013 Redemption Type Bullet 

Maturity Date 02.09.2020 Interest Type Fixed 

Amount 700 NOK Million Coupon Rate 4.25% 

Callable No Frequency Annual 

Table 4.7 (Source: Stamdata) 

 

All the bonds have similar coupon levels and are not callable. In terms of the credit risk, a fixed coupon 

intuitively gives a lower credit spread than a bond with a floating coupon (assuming both bond 

characteristics are the same), as a higher credit spread is required to compensate investors for paying a 

floating coupon (Duffie & Liu, 2001). Entra has been given the credit rating of A- by Danske Bank 

Markets in 2014 which has a say on the bond’s credit spread (Aspeli, 2014). This rating is supported by 

the fact that the company has managed to maintain a strong property portfolio with sound tenants on 

long-term lease contracts. Even though the Entra is an aggressive leveraged company, the firm’s capital 

structure is dominated by government related entities on long-term leases, which provides a stable and 

predictable cash flow that supports the company’s debt service ability. Lastly, with strong liquidity, 

sustainable leverage and strong debt ratios this all sum up to a strong credit rating (Aspeli, 2014).  

 

After Entra went public on Oslo Stock Exchange the company had mostly a positive development. 

Some of the explanation behind this can be the company’s income drivers; market rent together with 

CPI and developments (Mortensen, 2014b). The development of the market rent together with CPI has 

given an upside to Entra’s rental rates, which has contributed to top line growth (Hermenrud, Roald, 
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Ihrfelt, & Wallén, 2014). The company has also had several ongoing projects that have given 

opportunities for future growth (Mortensen, 2014b).  

 

The reduction in the Oil has affected many companies in Norway and created an increase in office 

vacancies, likely affecting Entra in 2015 (Zuromskaite, 2015), p.1). In figure 4.13 one can see Entra’s 

stock price movement since its IPO relative to Oslo Stock Exchange Benchmark Index (OSEBX). 

 

Historical share price and index (NOK) 

 

Figure 4.13 (Source: Bloomberg) 

 

Entra’s stock price had both positive and negative trends since it went public. The income drivers 

above can explain some of the explanation behind the positive trends. One should also note that Entra 

is a market leader when it comes to office real-estate market in Norway, which attracts many investors. 

The recent down trend might be an indirect effect of the oil price, as mentioned above.  

 

When it comes to the development of Entra’s coupon bonds, both the historical spreads and the 

spreads around the IPO is illustrated with 3M NIBOR in figure 4.14 and 4.15.  
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Historical bond spread and 3M NIBOR (basis points and percent) 

 

Figure 4.14 (Source: Bloomberg and Oslo Børs) 

 

Here we see Entra’s coupon bonds and 3M NIBOR from the date the bonds where issued until May 

2015. During this period all the bonds had the same type of fluctuations in their asset swap spread, 

where they had a positive trend until the beginning of 2012 and a slight negative trend afterwards. One 

should expect a higher spread around 2009 as an effect of the financial crisis. Overall in the majority of 

the bond markets the credit spread had significant levels around the financial crisis (Guidolin & Tam, 

2010). However the Norwegian economy was largely isolated from the financial crisis, resulting in no 

significant increase in spread levels for Entra. Further one sees two outliers in the summer 2012 and 

2013. The reason behind this is unknown as nothing significant happened in this period, to our 

knowledge. The 3M NIBOR had a positive and negative trend around the same period as the asset 

swap spread. Generally as the interest rates are declining, the economy is expanding in the long run, 

which makes the risk associated with investing in a long-term corporate bond generally lower, hence a 

lower credit spread (Investopedia, n.d.-b). In the last couple of years the Norwegian policy rate has 

decreased, which has made the 3M NIBOR decrease as well as seen in the graph. In the last couple of 

years the Norwegian policy rate has decreased and made the bond market grow more rapidly as the 

access to capital has become cheaper for corporations. This together with the high oil price are two of 

the main contributors to the low spreads on Entra`s bonds in 2013 and 2014.  

 

For the period around the IPO, we have chosen to do an own figure that shows the spread and 3M 

NIBOR three months before and after in order to see the development better.  
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Bond spread around IPO (basis points) 

 
Figure 4.15 (Source: Bloomberg and Oslo Børs) 

 

On the 17th of September 2014 Entra announced the IPO, which they confirmed the 6th of October 

2014 (“Entra News and Media,” n.d.). Intuitively one should expect the spread to decrease to lower 

levels after an IPO. There are several reasons behind this. First of all an IPO contributes to lower debt 

levels relative to total capital, which result in lower spread as the risk of default goes down. In addition 

the trading volume of the bond usually goes up after an IPO, resulting in lower spread levels. By going 

public on a stock exchange, the firm is obligated in delivering annual reports to the public. The 

investors have therefore more information of the firm, resulting in a more secure pricing of the bond 

and subsequently a lower spread. In the case of Entra, the firm actually had annual reports available to 

the public before the IPO, which makes the argument for new public available information not relevant 

here (Entra, n.d.). By looking at the spread, we see that it jumped to a higher level between the 

announcement and the confirmation of the IPO. However we have previously observed similar moves 

in the credit spread and it would therefore seem like this is caused by some other event than the IPO.  

4.3.4. ISS 

ISS is a Danish services company that provides cleaning, support, catering, security and facility 

management services. The company operates in over 50 countries world wide and at the time of the 

IPO they had over 500 000 employees (ISS, 2014). In 1977 they got listed on the Copenhagen Stock 

Exchange, but they were delisted in 2005 when EQT Partners and Goldman Sachs bought them. On 

the 13th of March 2014 they relisted on the Copenhagen Stock Exchange(ISS, 2015). They were listed 

with a price of 160 per share which implied a market cap of almost 30 billion DKK(ISS, 2014). This 

made them big enough to be included in the OMX C20 (EFT World, 2014). The main motivation for 
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the listing, was to make it possible for the EQT Partners and Goldman Sachs to capitalize on their 

investment. It can be discussed whether this relisting can be classified as an IPO. However ISS was not 

traded for almost 10 years, so one can see it as a “new” company. For this reason, we chose to include 

ISS in our thesis. 

 

One year before ISS got delisted, they issued a medium term bond note of EUR 500 million (ISS, 

2005). This is the bond that was used in this thesis and the main characteristics are shown in table 4.8.  

 

ISS 

Issue Date 23.11.2004 Redemption Type Bullet 

Maturity Date 08.12.2014 Interest Type Fixed 

Amount 500 Million Euro Coupon Rate 4.5% 

Callable Yes Frequency Annually  

Table 4.8 (Source: Bloomberg and (CBONDS, 2015)) 

 

The bond was a senior unsecured debt, which is riskier than a secured bond as mentioned previously in 

the Aker Solutions section. Standard & Poor had also rated this bond to a B, which can characterize it 

as a high yield bond (ISS, 2011, 2012) When it comes to the share price development after the IPO we 

have graphed it in figure 4.16 with its benchmark OMX C20 Index9. 

 

Historical share price and index (DKK) 

 

                                                
9 This is chosen as the benchmark index since it is recommended from NASDAQ additional to that ISS is in the index 

(NASDAQ, 2013). 
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Figure 4.16 (Source: Bloomberg) 

 

Immediately after the IPO, the ISS stock outperformed the OMX C20 Index, indicating that the stock 

was initially underpriced. However the index caught up with the ISS stock in October 2014 were it 

afterwards had a very similar movement as the share price to ISS. This is not surprising, because ISS is 

included in the OMX C20 index.  

 

When it comes to the credit spread if ISS, we did not calculate it ourselves, but used the credit spread 

from Bloomberg, as mentioned earlier in this thesis. The credit spread together with 3M CIBOR is 

graphed in figure 4.17.  

 

Historical bond spread and 3M CIBOR (basis points and percent) 

 
Figure 4.17 (Source: Bloomberg) 

 

Looking at the credit spread, it is clear that it moved in a sort of similar fashion to the CIBOR 3M, 

indicating that the spread was affected by the changes in the Danish short-term interest rate. The peak 

in credit spread around 2008 and 2009, can likely be explained by the financial crisis. The rapid drop 

after this might be because of the Danish government reduced the interest rate as a reaction to the 

financial crisis (Jørgensen & Risbjerg, 2012). The second peak of both the short-term interest rate and 

the credit spread was around the third and fourth quarter of 2011, which most probably was an effect 

of the European credit crisis, as Denmark is in the Eurozone. However the spread has had a negative 

trend ever since, which we believe in addition to the short-term interest rate is also affected by the 

credit rating ISS has received from Standard and Poor. In 2011 and 2012 ISS received a corporate 

credit rating of BB- as a result of proving a continued delivery of steady cash flows (ISS Annual Report, 
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2012). With increased ratings, we believe this has contributed to the lower credit spreads from the third 

and fourth quarter of 2011. Since 2012 the credit rating improved to BBB- in 2015 (“Credit rating for 

ISS A/S,” n.d.).  

 

Bond spread around IPO (basis points) 

 
Figure 4.18 (Source: Bloomberg)  

 

Looking at the credit spread one month before the announcement and three months after the IPO, we 

see no specific movements as a reaction of the announcement, confirmation or the IPO. One sees that 

between the confirmation of the IPO and the IPO that there was a trend downwards in the credit 

spread that continued some time after the IPO, which could have been a reaction of the lower debt 

levels.  However the trend shifted upwards afterwards and then significantly downwards to minus 

levels, which can be seen in the previous graph. These movements may therefore also be explained by 

the fact that the bond was closing in on maturity.  

4.3.5. Ocean Yield 

Ocean yield is a Norwegian shipping company. They have a fleet spanning from FPSO (Floating 

Production and Offloading), seismic, oil-supply to car carrier vessels (Reuters, 2015). Their business 

model is to have a modern fleet, which they lease out on long-term contracts. This gives them a very 

predictable revenue and dividend capacity (Aker ASA, 2015). On the 5th of July 2013 they got listed on 

Oslo stock exchange with a stock price of NOK 27. This was lower than the first implied range of 30-

34 NOK, but it still implies a market value of over NOK 3,6 billion (Ocean Yield, 2013). The 

motivation for the listing was to raise capital and use the proceeds to invest in oil-service and industrial 
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shipping assets. The listing was also intended to give investors a chance to divest and to make it easier 

to raise capital in the future.   

 

Ocean yield had one bond before the IPO (Ocean Yield, 2012). The bond was called at 28.07.2014. 

However this will not affect our analysis, because it was traded in over one year before and after the 

IPO, which is why we decided to include this company in our thesis. The characteristics of the bond 

are shown in table 4.9. 

 

Ocean Yield 

Issue Date 06.07.12 Redemption Type Bullet 

Maturity Date 06.07.17 Interest Type Floating 

Amount 600 NOK Million Coupon Rate 3MN + 6.50% 

Callable Yes Frequency Quarterly 

Table 4.9 (Source: Stamdata) 

 

The bond was a senior unsecured bond. These types of bonds have been described earlier. Shortly after 

it was issued Ocean Yield made a swap arrangement to hedge their interstate exposure, were they 

swapped this bond for a 3 Month LIBOR + 7,07% (Ocean Yield Second Quarter Report, 2013). This does 

only affects the cash flows of Ocean Yield and not our analysis. When it comes to the share price 

performance we have chosen to compare the share price with its benchmark OSEBX Index and the 

energy index OSLNEX.  

 

Historical Share Price and Index (NOK) 
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Figure 4.19 (Source: Bloomberg)  

 

After the IPO Ocean Yield underperformed the OSEBX index for a few months, before 

outperforming it by a large margin from late 2013 until today (12.05.15). When looking at the price vs. 

the energy exchange, both had a very similar development until the big drop of the oil price in the 

middle of 2014. After the drop Ocean Yield outperformed the energy index by a large margin. This is 

very likely due to Ocean Yield’s strategy of leasing their vessels out on long-term contracts, which made 

them less sensitive to changes in the oil price, at least in the short run (Ocean Yield Second Quarter Report, 

2013).  

 

Historical Bond Spread and 3M NIBOR (basis points and percent)  

 

Figure 4.20 (Source: Bloomberg) 

 

Looking at the OAS-spread, there was a very stable development until March 2014 where the spread 

dropped drastically and then got called. The timing of the drop coincides with the announcement of a 

new bond issue of the same value (600 million NOK) which was also unsecured, but with a lower 

coupon rate (NIBOR 3M + 3.90%) (Pareto Securities, 2014). Hence the drop in the OAS-spread might 

be a reaction to the market expecting the bond to be called as a result of the new bond being issued. 
This is likely because the spread is based on the theoretical optimal time for calling for the company. 

The fact that the company has just issued new and cheaper debt is not something that is accounted for 

in the OAS. But issuing new and cheaper debt can make it optimal for the company to call the debt, 

which creates a problem for the model in relation to reality. Because the bondholders receive less 

money when the bond is not called, the expected percent value of the bond does not react to the new 

bond issue. However investors realizes what is likely to happen and the price moves towards the call 
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value of the bond. This creates negative spread rates, because the bond is trading a higher value than 

the theoretical lowest value, but in reality it is trading at a fair price relative to the call value.  

 

Bond Spread around IPO (basis points) 

 
Figure 4.21 (Source: Bloomberg) 

 

Looking at the OAS-spread close to the IPO date, there was a decreasing trend that started already two 

months before the IPO announcement the 7th of June 2013 (“Ocean Yield Launches IPO,” 2013). This 

trend continued to when Oslo Stock Exchange confirmed the IPO, 20th of June 2013, where it 

afterwards had a slight positive trend and then a negative again (“The board of Oslo Børs approves 

Ocean Yield for Listing on Oslo Børs,” 2013). The change in equity to total capital due to the IPO is 

believed to have contributed to the negative trend. However there were no significant changes, 

indicating that there were other factors as well that had an opposite effect on the spread.  

4.3.6. Prime Living 

Prime living is a Swedish residential real-estate company that produces and manages category 

accommodations. Their primary focus is student housing, but they also create youth- and senior 

housing (Mangold Fondkommission, 2013a). The company was developed in 2009, with the goal of 

creating a more efficient and cost reducing production pipeline. Their target markets are Stockholm, 

Gøteborg, Malmø, Lund and Karlstad near the areas of the universities (Prime Living Annual Report, 

2014). Their real-estate portfolio had a market value of almost 620 million SEK ultimo 2014 (Prime 

Living Annual Report, 2014),.  
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On the 18th of December 2014 Prime Living went public on First North stock exchange (NASDAQ, 

2014). First North is an alternative stock exchange under NASDAQ that is designed for small and 

growing companies. Their IPO price was set to 99 SEK which raised a capital of 130 million SEK  

(Prime Living Annual Report, 2014). The main motivation behind their IPO was to use the raised capital 

to continue their growth through new investments and finalize several projects (Prime Living Annual 

Report, 2014).  

 

Prime Living is a small company and still in the growth phase, and they therefore require a lot of capital 

to keep expanding. On the 30th of September 2013 Prime Living issued their first and only bond with 

an amount of SEK 140 million. The capital from the bond issue was to be used on several properties in 

Stockholm, among several other things (Mangold Fondkommission, 2013a). In their bond issue 

prospectus it was mentioned that they would send an application for the bond to be traded on First 

North Bond Market (Mangold Fondkommission, 2013a), which was accepted on the 28th of November 

2013 (“Prime Living Press Release,” 2013a). First North Bond Market is used by smaller companies 

that can benefit from raising capital by issuing bonds (“Prime Living Press Release,” 2013b). The main 

characteristics of the bond can be seen in figure 4.10.  

 

Prime Living 

Issue Date 30.09.13 Redemption Type Bullet 

Maturity Date 30.09.16 Interest Type Fixed 

Amount 140 mio SEK Coupon Rate 10.25% 

Callable Yes Frequency Quarterly 

Table 4.10 (Source: Stamdata) 

 

In terms of the credit risk of the bond, the bond has maturity of three years, which intuitively gives a 

lower credit spread as there is less uncertainty involved than in a bond that has a long maturity 

(Mayberger, 2014). However as the bond is callable this transfers risk from the company to the 

investors, which might be one of the reasons why the bond has a high fixed coupon of 10.25% in order 

to compensate for the risk. The high coupon can also be explained by the fact that the company was 

still young at the time of the issue with a very low equity to total capital ratio of 3.4 percent (Mangold 

Fondkommission, 2013b).  One could therefore argue that the investors had to be compensated with 

the significant debt levels in the firm.  
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After Prime Living went public on First Nordic the stock price was relatively stable for the first three 

months. In April 2015 the stock price started to show some positive trend. Generally in the real estate 

market in Sweden, there has been a big demand for new student housings as there are very few student 

houses relative to how many students there are in Sweden. In 2013 there where lacking of around 

20.000 student housing, which proves the need of new ones (Mangold Fondkommission, 2013a), p.2. 

This significant demand should affect Prime Living positively. However the firm experiences a high 

competition of other types of real estate firms, which can make it challenging for the firm to develop 

future growth (Mangold Fondkommission, 2013a), p.22. After the IPO Prime Living has both under- 

and over performed relative to the First North Index. The under-performance may be due to that 

investors haven’t believed in the firm in terms of future growth explained above. However in April 

2015 the stock outperformed the index, but it is uncertain if this is short term or will last. The stock 

price movements after the IPO with the First North All share Index can be shown in figure 4.22.    

 

Historical Share Price and Index (SEK) 

 
Figure 4.22 (Source: Bloomberg and NASDAQ) 

 

In terms of the development of the bond to Prime Living, it can be shown in figure 4.23 with both the 

asset swap spread and 3M STIBOR. As the bond is callable, we should have calculated the OAS-spread 

by taken this into account. However we chose not to as this gave very special results. A more detailed 

interpretation of this is given further down when we compare our spread with the one from 

Bloomberg. One could argue to compare the bond spread with the NOMX Credit SEK Total Spread 

Index, to see how this bond has developed compared to the bond market on OMX. However as Prime 

Living’s bond is trading on First North Bond Market, which contains only four bonds 
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(“NASDAQOMXNORDIC,” n.d.), we chose to compare it with only 3M STIBOR. Further as the 

announcement of the IPO was almost a year before the actual IPO (17.01.14), we will not make an own 

graph showing the period 3 moths before and after the IPO as done previously.  

 

Historical Bond Spread and 3M STIBOR (Basis points and percent) 

 

Figure 4.23: (Source: Bloomberg) 

 

As mentioned above Prime Living announced their IPO the 17th of April 2014. After this 

announcement we see that there was one peak and then a significant decrease of the asset swap spread. 

After the IPO the asset swap spread remained in this lower level. The fact that Prime Living had a very 

high level of debt before the IPO can be some of the explanation behind the change in the level of 

spread as the IPO helped reducing the debt levels. The Swedish short-term interest, 3M STIBOR, is 

also believed to have an effect on the spread as the spread has had some of the same movements as the 

interest rate and became negative in 2015, which was around the same time when the Swedish policy 

rate and 3M STIBOR became negative (Takla, 2015). The confirmation of the IPO was only two days 

before the actual IPO so in between these two days there where no significant development (“Prime 

Living Press Release,” 2014).  

4.3.7. Wilh. Wilhelmsen   

Wilh. Wilhelmsen is a Norwegian based shipping company, in the Shipping, Logistics and Holding 

segments. Its main segment is shipping and it is one of the worlds largest ocean car transport 

companies, controlling 23% of the world’s total capacity in the first quarter of 2015. Prior to the IPO it 

had a turnover of around 1.26 billion dollar and 5,500 employees (Wilh. Wilhelmsen, 2010c). They were 

listed on Oslo stock exchange at 24th of June 2010, as part of a demerger from their parent company 
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(Wilh. Wilhelmsen Holding) and the bonds were transferred to the new company (Wilh. Wilhelmsen, 

2010d). The stock price at the time of the listing was NOK 24.2 which implies a market cap of over 5 

billion NOK(Wilh. Wilhelmsen, 2010a).   

 

The main motivation for the demerger was to position the firm for further growth. The main 

motivation for the demerger was to position the firm for further growth. By dividing the company into 

Shipping & Logistics (Wilh. Wilhelmsen ASA) and Maritime Services (Wilh. Wilhelmsen Holding ASA) 

the company hoped to be able to concentrate both divisions. Having both in one firm was unbeneficial, 

because of different economical cycles and the knowledge intensity both required(Wilh. Wilhelmsen, 

2010b). The demerger made it also the first specialized car transports and logistics company to be 

publicly traded (Wilh. Wilhelmsen, 2010c).  

 

When it comes to the debt of Wilh. Wilhelmsen they had issued several corporate bonds before they 

went public in June 2010 with a total amount of NOK 1.9 billion (Stamdata, n.d.-b). However as 

Bloomberg only quoted enough prices for only one of these bonds, this became the bond of our 

choice. The main characteristics can be seen in table 4.11. 

 

Wilh. Wilhelmsen 

Issue Date 02.11.09 Redemption Type Bullet 

Maturity Date 02.11.2016 Interest Type Fixed 

Amount 600 NOK Million Coupon Rate 9% 

Callable No Frequency Annually  

Table 4.11 (Source: Stamdata)  

 

The bond is an unsecured bond. These types of bonds have been described earlier. The most important 

covenant in the bond is a restriction regarding security in assets, meaning that Wilh. Wilhelmsen cannot 

use assets as security for more than 30% of total asset value (Norsk Tillitsmann, 2009). The bond has a 

high coupon of 9%. One of the reasons for this high coupon can be the 1.3 billion in debt the 

company already had outstanding. The uncertainty in the financial markets after the crisis might also 

have attributed to a high spread. 
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When looking at the share price development we have graphed the price alongside with the share price 

of the previous mother company (WWI), the benchmark index OSEBX and the shipping index 

OSLHX. The development can be seen in figure 4.24.  

 

Historical Share Price and Index (NOK) 

 

Figure 4.24: (Source: Bloomberg) 

 

After the listing, Wilh. Wilhelmsen has been more volatile that the OSEBX index. Wilh. Wilhelmsen 

Holding is very correlated to Wilh. Wilhelmsen, which is a result of them being the largest shareholder 

with over 70% of the shares. However it is slightly underperforming, which must mean that the other 

parts of the Wilh. Wilhelmsen conglomerate, were not preforming as well as Wilh. Wilhelmsen. If we 

look at Wilh. Wilhelmsen performance compared to the shipping index on Oslo stock exchange, we 

can see that it over preformed the market in the beginning, but then around July 2014, had a sever drop 

compared to the index. 

 

When looking at debt, we first want to graph the asset swap spread to see if there are any significant 

changes due to the IPO.  

 

0"

10"

20"

30"

40"

50"

60"

70"

23.06.10" 09.01.11" 28.07.11" 13.02.12" 31.08.12" 19.03.13" 05.10.13" 23.04.14" 09.11.14"

WWASA"(since"IPO)" WWI"(rebased)" OSEBX"(rebased)" OSLHX"(rebased)"



 69 

Historical Bond Spread and 3M NIBOR (basis points and percent) 

 
Figure 4.25 (Source: Bloomberg and Oslo Børs) 

 

From the time of the issue until the end of 2011 there was a positive trend of the asset swap spread. 

This could be of macro-economic factors as the Norwegian short-term interest rate had somewhat the 

same trend. The decreasing trend after 2011 could be explained by first of all the major increase in 

profits of 300 percent in 2012 compared to 2011 (Wilh. Wilhelmsen Annual Report, 2014). In addition the 

higher trading volumes of the bond and the decreasing Norwegian short-term bond could have a say as 

this decreases the credit spread. The decreasing trend stopped in October 2014, where it slightly 

jumped to higher levels. There might be a slight correlation with NIBOR, but over all it looks like a 

random walk.  

 

Bond Spread around IPO (basis points) 
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Figure 4.26 (Source: Bloomberg) 

 

Looking at the spread around the announcement and the IPO, we see a lot of movement but it is hard 

to identify any real impact. After the IPO announcement the spread goes up and down before ending 

up at a higher level at the IPO day, compared to announcement day. After this the bond goes up and 

down some more. For all intents and purposes this is just random walk and we cannot say anything 

predictive based on the observations. This is good because it means that the IPO is unlikely to be 

affecting the bond spread, which implies that if there is a link between equity and debt, it is not 

changing as a reaction to the IPO.   

5. Testing for breaks  

Elaborating on what we mentioned earlier, we want to test for statistical breaks in our data set, because 

if the credit spreads are changing after the IPO, then clearly the equity price is leading the credit 

spreads and a reverse relationship cannot be used to predict equity prices prior to an IPO. The ways we 

will be testing for breaks are through chow tests, and graphing. Before running a chow test we will 

make sure our dataset is stationary through an Augmented Dickey-Fuller test. The chow test is the 

statistical foundation that checks if there is a change in the movements of the data set, where the 

breaking point represents the number of observations away between the IPO date and the most recent 

observation we had. For the bonds that matured or was called before the date we did the chow test, the 

breaking point represented the number of observations away between the IPO date and the maturity or 

call date. Finally the graphical representations of the results will provide us with a sanity check.  

 

Many of our observations were not based on daily data, but rather observations that could be weeks 

apart. We therefore had to take some precautions. For example, we could have used monthly or weekly 

data, but this would have cut the amount of observations so low that we would not have been able to 

interpret them. Instead we chose to let the statistical program SAS adjust the results in regards to the 

different dates of observations, by using the observation dates as time reference in time series analysis. 

This deals with the problem of different time observations in regards to statistics. The graphical 

representations however hadn’t been adjusted for, which made us to therefore plot the frequency of 

observations. This gave us an indication of when we could expect to see problems with our graphical 

representations, and when they were adequate. In our thesis we will only present the results of our 

regressions, and hence refer all the foregoing steps in appendix 5.1.  
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5.1. Aker Solutions 

We found Aker Solution to be stable at one lag, meaning that one can find all the relevant historical 

data needed to estimate the next period returns, by only looking at information from the previous 

period. By running an Augmented Dickey-Fuller test, we found that the formula was stationary. The 

output from this test can be found in the appendix 5.1. We where therefore able to run a chow test in 

order to test for breaks at the time of the IPO, i.e. to see if there where some change in the credit 

spread movements. 
 

Structural Change Test 

Test Break Point   F Value Pr > F 

Chow 120   3.61 0.0581 

Table 5.1 

 

The break point in the table above is the data point corresponding to the IPO date, hence in this case 

observation number 120 was the day Aker Solutions went public on the Oslo Stock Exchange. The F-

Value and P-Value are the statistical probabilities that reject the null-hypothesis of there being no break 

if they are under or over a certain value. In this case, the p-value reflects a 6% significance level, which 

indicates that Aker Solutions had a break at the time of their demerger. As a sanity check, we plotted 

the following frequency of the observations. 

 

Frequency of observations 

 
Figure 5.1: Note this graph shows the frequency in percent on the y-axis, and the logarithmic changes in credit spread on 

the x-axis. 
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After the IPO there seems to be a structural change in the logarithmic returns, as we see more outliers 

and yet a higher concentration around 0% return. This is not what we would have expected after an 

IPO, but seeing how this was a demerger this is not suprising, for the reasons we have discussed earlier 

about how the demerger changed the underlying assets of the bond, and the oil price had a drastic frop 

in the months after the IPO. Because of this, we would expect there to be a structural change around 

the time of the IPO, regardless of the impact a listing can possible have. As a final step we graphed the 

logarithmic changes in the credit spread over time, in order to see the historical changes in credit 

spread. In order to visualize the historical movements in the credit spread we graphed the logarithmic 

changes in the credit spread over time. 

 

Historical logarithmic changes in credit spread 

 
Figure 5.2: Note this graph shows the frequency in percent on the y-axis, and the logarithmic changes in credit spread on 

the x-axis. 

 

Looking at the changes in the historical credit spread over time, it looks like the movement has 

changed afer the demerger, hence we confirm what we have seen earlier. We also observe an increase in 

the frequency of observations after the IPO. This might be an indication of a higher trading volume, or 

at least more frequent trading after the IPO, which implies that the market is more liquid. Based on the 

findings we can conclude that there was a significant change in the movements of the spread, after the 

demerger. However based on events not related to the IPO, we cannot conclude this change was 

caused by the demerger.  

5.2. Bactiguard  

We found Bactiguard to be stable at one lag, meaning that one can find all the relevant historical data 
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needed to estimate the next period returns, by only looking at information from the previous period. 

By running an Augmented Dickey-Fuller test, we found that the formula was stationary. The output 

from this test can be found in the appendix 5.1. We where therefore able to run a chow test in order to 

test for breaks at the time of the IPO, i.e. to see if there where some change in the credit spread 

movements. 

 
 

Structural Change Test 

Test Break Point   F Value Pr > F 

Chow 82   0.52 0.4711 
Table 5.2 

 

Here we see that the p-value is high at 47,11 percent indicating that there where no significant break at 

the time of the IPO for Bactiguard. To confirm this we plotted the following frequency of the 

observations.  

 

Frequency of observations 

 
Figure 5.3: Note this graph shows the frequency in percent on the y-axis, and the logarithmic changes in credit spread on 

the x-axis. 

 

 

Looking at the histogram there appears to a substantial change in the movements of the spread at the 

time of the IPO. However this can be explained by the fact that we had to zoom in on the x-axis in 

order to see if there was a break or not. The original histogram can be seen in appendix 5.2. If we were 
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to use the same distributions as the other companies, we would have two huge spikes at 1% and 0% 

because most of the observations are between 1,49% and 0,5% and the plots would look identical. This 

would not accurately represent the probability of a break in comparison to other companies we are 

analyzing. We have therefore made every plot in the middle correspond to a change in 0,05% instead of 

1%. This makes us able to see that there is a change, but at this scale it is not significant. The change 

might be caused by people being allowed to trade in debt for stock at the IPO, which might explain 

why they are so similar and yet different. Either way, this is insignificant if we do not look very close 

and not statistically significant either. In order to visualize the historical movements in the credit spread 

we graphed the logarithmic changes in the credit spread over time. 

 

Historical logarithmic changes in credit spread 

 
Figure 5.4: Note this graph shows the frequency in percent on the y-axis, and the logarithmic changes in credit spread on 

the x-axis. 

 

Looking at the movements of the historical credit spreads, there appears to be a higher frequency after 

the IPO. However one should note that this graph does not confirm the presence of a significant break 

in any way. Based on the results from the Chow test and the histogram, we conclude that there was no 

break at the time of the IPO of Bactiguard. 
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We found Entra to be stable at one lag, meaning that one can find all the relevant historical data needed 

to estimate the next period returns, by only looking at information from the previous period. By 

running an Augmented Dickey-Fuller test, we found that the formula was stationary. The output from 
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for breaks at the time of the IPO, i.e. to see if there where some change in the credit spread 

movements. 

 

Structural Change Test 

Test Break Point F Value Pr > F 

Chow 140 0.05 0.8173 

Table 5.3 

Here we see that the p-value is very high at 81,73 percent indicating that there where no significant 

break at the time of the IPO for Entra. To confirm this we plotted the following frequency of the 

observations.  

 

Frequency of observations 

 
Figure 5.5: Note this graph shows the frequency in percent on the y-axis, and the logarithmic changes in credit spread on 

the x-axis. 

 

By looking at the histogram, we see that the movements of the spread pre and post IPO are close to 

identical. The graphical interpretation therefore concludes the same as the Chow test, namely that there 

was no break at the time of the IPO for Entra. In order to visualize the historical movements in the 

credit spread we graphed the logarithmic changes in the credit spread over time. 
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Historical logarithmic changes in credit spread 

 
Figure 5.6: Note this graph shows the frequency in percent on the y-axis, and the logarithmic changes in credit spread on 

the x-axis. 

 

Looking at the movements of the historical spreads, there does not seem to be any changes of the 

frequency after the IPO. This supports the earlier conclusion and we find no evidence of break at the 

time of Entra’s IPO.  

5.4. ISS 

We found ISS to be stable at one lag, meaning that one can find all the relevant historical data needed 

to estimate the next period returns, by only looking at information from the previous period. By 

running an Augmented Dickey-Fuller test, we found that the formula was stationary. The output from 

this test can be found in the appendix 5.1. We where therefore able to run a chow test in order to test 

for breaks at the time of the IPO, i.e. to see if there where some change in the credit spread 

movements. 

 

 

Structural Change Test 

Test Break Point   F Value Pr > F 

Chow 74   7.11 0.0078 

Table 5.4 
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Here we see that the p-value is low at 0,78 percent indicating that there was a break at the time of the 

IPO at a 1 percent significance level. To confirm this we plotted the following frequency of the 

observations.  

 

Frequency of observations 

 
Figure 5.7: Note this graph shows the frequency in percent on the y-axis, and the logarithmic changes in credit spread on 

the x-axis. 

 

By looking at the graph we see that the frequency of observations are quite different between post and 

pre IPO. The graphical findings therefore conclude the same as the Chow test, namely that there was a 

break at time of the IPO. We believed that the break might have had something to do with the bond 

closing in on maturity and not the IPO. The bond maturity was 74 observations from the IPO and to 

check if the breaking point might have been at a different time, we checked for breaks at point 

50,60,100 and 125. 

 

Structural Change Test 

Test Break Point   F Value Pr > F 

Chow 50   12.74 0.0004 

Chow 60   7.58 0.0060 

Chow 100   6.38 0.0116 

Chow 125   5.22 0.0225 
Table 5.5 
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From the results we find that the probability of a break is higher the closer we get to maturity, with us 

still detecting a significant break 125 observations away from maturity. Because we still detected this 

break even though we had almost double the amount of observations, it is highly unlikely that the 

break actually happened at the time of the IPO. To further check if this is the case, we will look at the 

plotted of movements on dates.  

 

Historical logarithmic changes in credit spread 

 
Figure 5.8: Note this graph shows the frequency in percent on the y-axis, and the logarithmic changes in credit spread on 

the x-axis. 

 

Looking at the logarithmic spread movement, it seems like the spread starts to be more volatile some 

time during the late 2013, long before the IPO or the announcement date, which were both in 2014. In 

addition, there were also identified significant breaks before the IPO, as seen in the previous Chow test 

with 100 and 125 observations from the maturity. This indicates that the break is caused by maturity or 

some other event, and not the IPO.  

5.5. Ocean Yield  

We found Ocean Yield to be stable at one lag, meaning that one can find all the relevant historical data 

needed to estimate the next period returns, by only looking at information from the previous period. 

By running an Augmented Dickey-Fuller test, we found that the formula was stationary. The output 

from this test can be found in the appendix 5.1. We where therefore able to run a chow test in order to 

test for breaks at the time of the IPO, i.e. to see if there where some change in the credit spread 

movements. 
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Structural Change Test 

Test Break Point   F Value Pr > F 

Chow 48   0.01 0.9091 

Table 5.6 

Here we see a very high p-value of 90,91 percent. This indicates that there where no significant break at 

the time of the IPO for Ocean Yield. To confirm this we plotted the following frequency of the 

observations.  

 

Frequency of observations scenario 1 

 
Figure 5.9: Note this graph shows the frequency in percent on the y-axis, and the logarithmic changes in credit spread on 

the x-axis. 

 

When we plotted the frequency of observations we saw that post and pre IPO where very different, 

indicating that there was a break at the time of the IPO. One should note that this was an opposite 

result from the Chow test. The break might also be attributed to the announcement of new debt, after 

which we observed a drop in the spread. To check for this we plotted the observations, pre and post 

announcement. 
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Frequency of observations scenario 2 

 
Figure 5.10: Note this graph shows the frequency in percent on the y-axis, and the logarithmic changes in credit spread on 

the x-axis. 

 

Plotting the frequency of observed logarithmic return as a percentage before and after the 

announcement of new debt, we see that most of the observations that were not normally distributed 

were from the period after the announcement. This means that the differences in plots were caused by 

the announcement and not the IPO. The reason why we observe a break in the histogram and not the 

chow test might be explained by the fact that we had few spread observations for Ocean Yield, which 

can make it difficult to estimate significant results. In order to visualize the historical movements in the 

credit spread we graphed the logarithmic changes in the credit spread over time. 

 

Historical logarithmic changes in credit spread 

 
Figure 5.11: Note this graph shows the frequency in percent on the y-axis, and the logarithmic changes in credit spread on 

the x-axis. 
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Plotting the movements we see that a change starts to happen around March 2014, which is when the 

new debt announcement was made (17.03.2014). We therefore conclude that the break in our 

histogram is caused by the announcement of new debt and not the IPO. 

5.6. Prime Living 

We found Prime Living to be stable at eight lags, meaning that one can find all the relevant historical 

data needed to estimate the next period returns, by looking at information from the 8 previous periods. 

By running an Augmented Dickey-Fuller test, we found that the formula was stationary. The output 

from this test can be found in the appendix 5.1. We where therefore able to run a chow test in order to 

test for breaks at the time of the IPO, i.e. to see if there where some change in the credit spread 

movements. 

Structural Change Test 

Test Break Point   F Value Pr > F 

Chow 95   0.01 0.9341 
Table 5.7 

 

Here we see a high p-value of 93,41 percent, indicating that there was no break at the time of the IPO 

for Prime Living. To confirm this we plotted the following frequency of the observations. 

 

Frequency of observations scenario 1 

 
Figure 5.12: Note this graph shows the frequency in percent on the y-axis, and the logarithmic changes in credit spread on 

the x-axis. 
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Based on the logarithmic returns the data prior to the IPO looks very different from the data after the 

IPO, which means we would expect there to be a break in the dataset. This indicates that something is 

wrong with our chow test and we need to look closer at this. To investigate this further we first used a 

second chow test to test for a break at 07.08.14. This was the date when the credit spread of Prime 

Living had a big drop as mentioned in the company overview section. From this we got the following 

output. 

 

Structural Change Test 

Test Break Point   F Value Pr > F 

Chow 212   0.15 0.7010 

Table 5.8 

 

The results from the Chow test clearly show that it is unlikely that there is a significant change in the 

movements of the spread at the point of the spread drop. Statistically this can be a result of the 

movements prior to the drop being very volatile and it is therefore hard to say anything significant 

about them. Nevertheless for us it is important that the movements are stable before and after the IPO. 

In order to test for this we simply removed the observations before the drop from the previous 

histogram and made a new one that can be seen in figure 5.13. In this new histogram there were still 

over 130 daily observations before the IPO.  

 

Frequency of observations scenario 2 

 
Figure 5.13: Note this graph shows the frequency in percent on the y-axis, and the logarithmic changes in credit spread on 

the x-axis. 
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From this new histogram pre and post IPO were very similar, indicating that there was no break at the 

time of the IPO for Prime Living. In order to visualize the historical movements in the credit spread 

we graphed the logarithmic changes in the credit spread over time. 

 

Historical logarithmic changes  

 
Figure 5.14: Note this graph shows the frequency in percent on the y-axis, and the logarithmic changes in credit spread on 

the x-axis. 

 

From the movements of the spread we see no changes in the frequency of observations after the IPO. 

We can observe a slight increase in volatility from some time before the IPO, but this has not had any 

significant influence on our statistics. We therefore conclude that Prime Livings bond spread was not 

affected by the IPO. 

5.7. Wilh. Wilhelmsen 

We found Wilh Wilhelmsen to be stable at six lags, meaning that one could find all the relevant 

historical data needed to estimate the next period returns, by looking at the information from the 6 

previous periods. By running an Augmented Dickey-Fuller test, we found that the formula was 

stationary. The output from this test can be found in the appendix 5.1. We where therefore able to run 

a chow test in order to test for breaks at the time of the IPO, i.e. to see if there where some change in 

the credit spread movements. 
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Structural Change Test 

Test Break Point   F Value Pr > F 

Chow 321   0.06 0.8142 
Table 5.9 

As we can see from the table, the p-value was very large at 81,42 percent, indicating there was no 

statistically significant break at the time of the IPO for Wilh Wilhelmsen. To confirm this we plotted 

the following frequency of the observations. 

 

Frequency of observations 

 
Figure 5.15: Note this graph shows the frequency in percent on the y-axis, and the logarithmic changes in credit spread on 

the x-axis. 

 

Here it can be difficult to see if there is a break at the time of the IPO or not. This may be explained by 

the fact that we only had 23 observations prior to the IPO. In order to investigate this further we 
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Historical logarithmic changes in credit spread 

 
Figure 5.16: Note this graph shows the frequency in percent on the y-axis, and the logarithmic changes in credit spread on 

the x-axis. 

 

Looking at the movement of the spread there seems to be no change in the movements of the spread 

after the IPO. However just like the previous tests we have too little data to say anything for sure. We 

can therefore not conclude whether there is a change at the time of the IPO or not. 

5.8. Summary 

To sum up our analysis, we have found that for Bactiguard, Entra, Ocean Yield and Prime there were 

no changes in the movements of the spread as a result of the IPO. For Aker Solutions we would have 

expected a change regardless of the IPO because of the change in oil price and underlying asset. The 

ISS bond was closing in on maturity at the time of the IPO and the change of its spread movements 

therefore looked like it was affected by this and not the IPO. Finally with Wilh. Wilhelmsen, we had to 

few observations to say anything significant. In our analysis we didn’t just apply fancy statistics, such as 

the Chow test, but also used simple frequency plots of returns (histogram) and movement plots of 

spread changes. We have on four occasions found no changes in movements and we have plotted the 

frequency of returns and movements of the spread, to which shows that this is not due to any fancy 

statistical manipulation. On the three other occasions where we did not find clear evidence of there not 

being a break, we have not found any clear indication of an IPO changing the movements of the 

spread. This is something we would have expected to find if an IPO affects the credit spreads.  
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6. Relationship between equity and debt 

Our thesis is based on the assumption that debt and equity prices are connected and will move 

together. In order to analyze if there is a relationship in our data sample, we used graphs and a 

statistical analysis. To verify our analysis we also looked for similar patterns in samples from OMXS30 

in Sweden, OMXC20 in Copenhagen and OBX20 in Norway. The reason for us using these indexes as 

references samples, is simply because our data includes companies from all of these countries. 

 

In our analysis it has been is very important for us to find the best and most representative data 

possible. We have therefore been very selective when choosing data from Sweden, Norway and 

Copenhagen. In our selection we have tried to find the most representative bonds and use the same 

spread for every bond. Because the most common spread Bloomberg provides is the Bloomberg bench 

to mid10, we have used this spread. When collecting bonds we have tried to find bonds that were similar 

in time to maturity. This is unfortunately not always possible, because not all companies have bonds 

with similar maturities. Therefore, our selection process has several weaknesses, but by comparing 

those results to the ones we find using our data, we could see if they look reasonable.  

 

We started this analysis by checking the correlation between changes in bond prices and credit spreads. 

From the Merton model we know that this relationship should be !!!
!

= !!!!
!!

. In our sample we 

do not always have daily data, in order to account for this we simply assumed that the standard 

deviation was constant for our period. For simplicity reasons we also assumed that the risk free rate 

was 0. Both of these assumptions would affect our results slightly, but we should still get reasonable 

results.   

 
Correlation Analysis 

Company Bond Correlation 

Aker Solutions 
Floating + 4.20 -0,01862 

Floating + 4.25 0,04961 

Bactiguard Fixed 11.00 -0,06039 

Entra 
Fixed 4.25 0,11809 

Fixed 4.7 0,14100 

                                                
10 Bloomberg´s type of credit spread 
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Fixed 5.00 0,07929 

Fixed 5.55 0,07546 

ISS Fixed 4.5 -0,04726 

Ocean Yield Floating + 6.50 0,05914 

Prime Living Fixed 10.25 0,06402 

Wilh. Wilhelmsen Fixed 9.00 0,05710 

Table 6.1 

 

From the table it is clear that most of the correlations are positive and weak, which is not what we 

would expect. Intuitively a lower spread means lower risk, and at a spread of zero, the return of the 

bond would be equal to that of a risk free investment. Because share prices tend to move up and down 

as the outlook of a company changes (“What Influences a Share Price,” n.d.), an increase in share price 

should correspond to a decrees in bond spreads, hence a negative correlation. Our results might be 

explained by illiquidity or other factors, such as bonds closing in on maturity, investors believing that 

the debt will get called, etc. The current research on the field suggests that a correlation between -0,1 

and -0,3 is reasonable (Norden & Weber, 2009), but that liquidity is a very important factor in these 

calculations (Kapadia, 2005).  

 

We also ran a cross sectional regression on our data, regressing the spread on unlevered industry betas 

from Damodaran and the Net Debt to equity at the time of the IPO. We did this to see if we could 

explain the spread at the time of the IPO through the firm value and risk.  

 

𝑆𝑝𝑟𝑒𝑎𝑑 = 𝛽! + 𝛽!𝑈𝑛𝑙𝑒𝑣𝑒𝑟𝑒𝑑  𝐼𝑛𝑑𝑢𝑠𝑡𝑟𝑦  𝐵𝑒𝑡𝑎 + 𝛽!
!"#  !"#$

!"
    (Equation 6.1) 

 

The logic behind this regression is that the spread is affected by risk and leverage, as well as time to 

maturity, covenants, the risk free rate, bond types and maybe other factors. Our sample is not large 

enough to start separating out bond types and other factors, so to get some reasonable results we want 

to keep it simple. The reason we did not include time to maturity in the regression is because time to 

maturity is likely to be dependent on what the spread used to be before time to maturity became an 

important factor, which means that we would need more observations to adjust for this. The results 

form this regression yielded an R2 of 30% with ISS and an R2 of 50% without ISS. This is likely because 

the bond ISS had less than one year left until maturity at the time of the IPO. An R2 of 50% seems 
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very reasonable given that the regression is very simplified and has not been adjusted for covenants, 

bonds being callable or time to maturity. 

 

To further analyze the link between equity and debt we graphed the share price and the inverse credit 

spread to visualize the relationship. The graph for Aker Solutions is shown in the below figure and the 

rest can be seen in appendix 6.1.  

 

Aker Solutions share price and inverse credit spread 

 

Figure 6.1 

 

From our graphical representation in figure 6.1, we observed a clear relationship between equity and 

debt. We see that the credit spread is usually moving in line with the stock price. The movements are 

not exactly at the same date or by the same magnitude, but the trend is there. This is something we 

observe for all the bonds in our sample.  

 

To compare our findings with the Norwegian, Swedish and Danish stock exchanges, we first ran the 

same regression as earlier, equation 6.1, only with data from the companies included in the respective 

indexes. The calculations are all based on Bloomberg, and yielded very similar results to the regression 

on our own data (see appendix 6.2). The R2 varied between 50%-70%, which is remarkable similar to 

our sample. As mentioned earlier we do not expect the results to give a high R2, because the spreads are 

affected by other factors such as covenants, seniority, among others. However finding a similar R2 in all 

four samples is promising. Because we have no control or knowledge about the other factors and how 

they affect the spread, they appear random to us. This makes this regression unbiased to our knowledge 
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and finding a similar relationship in four different datasets is unlikely if the data is unbiased. Thus the 

findings support our hypothesis that there is a link between equity and bond spreads.  

 

Next we plotted inverted spreads and stock prices for the OBX20 over the period of one year, we 

unfortunately did not find enough data to do this on every stock, but we did find for a majority of the 

companies. From this plot we can clearly see the same relationship as we observed when plotting our 

own data. The graph for DNB is shown in the below figure and the rest can be seen in appendix 6.3.  

 

DNB share price and inverse credit spread 

 
Figure 6.2 

 

Based on our findings and other research, we find strong evidence that there is a relationship between 

credit spreads and stock price. We have shown the relationship both graphically, and statistically. We 

have used data from Swedish, Norwegian and Danish stock exchanges, and they all yield similar results. 

Based on this we are confident that there is a relationship between equity and debt in our data sample.  

Next we will use this relationship to see if our empirical models can predict a fair price of the chosen 

companies in this thesis. 

7. Empirical results of the Merton Model 

In this section we will present our version of an inverted Merton model. We will therefore start by 

going through which parameters we had to estimate in order to calibrate our model, following by 

presenting our inverted Merton model. As there where many assumptions taken when building up our 

model we also conducted a sensitivity analysis, showing how sensitive our model was to changes in 

some of the variables, which is presented in the end of this section. With the inverted Merton and a 

sensitivity analysis in place, we will have a more certain indication of we are able to predict a share price 

by going through the credit spread.   
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7.1. Estimating Asset volatility 

When estimating the asset volatility, we chose to use data from the most direct peer we could find. The 

peers also had to be public before our companies, in order to collect enough equity prices. One should 

note that it would be optimal to find many peers for each company and then take the average of the 

calculated asset volatilities. In our sample, it was difficult to find more than one peer for several of the 

companies. We therefore chose to be consistent in using one peer for each company. Our collected 

peers can be seen in table 7.1. 

 

 

 
Table 7.1 

 

The chosen peer for Aker Solutions was Petrofac, which is another global oilfield service company. 

Even though Petrofac is not a Norwegian company, it operates in many of the same countries as Aker 

Solutions, indicating that the peer is exposed to several of the same risk factors as Aker Solutions (“Our 

Locations,” n.d.). Aker Solutions has also named Petrofac as one of its peers, which has encourages our 

choice of this peer (“Share Information,” n.d.).  

 

For the peer of Bactiguard we chose the Swedish company Getinge. Comparing with Bactiguard, this 

company does not produce coating technology, but work with cleaning, sterilization and disinfection of 

hospital products, which makes them a good peer in terms of target group. Getinge also operate in 

several countries in Europe, Asia and America, just as Bactiguard and trade on the Stockholm OMX 

stock exchange.  

 

The chosen peer for Entra was Norwegian Property (NPRO). This company is active in the Norwegian 

real estate sector where it rents out properties among other office buildings and trades at Oslo Stock 

exchange, just as Entra. The peer has also the same target market as Entra, since they both has 

properties in Stavanger and Oslo. Now Entra has properties in Bergen, Trondheim and Kristiansand as 

well, which gives them a bigger property portfolio and also a higher amount of debt outstanding that 

Norwegian Property. However we though this was a good peer for Entra and several equity reports 

used Norwegian Property as a peer (Mortensen, 2014a) (Hermanrud, Roald, Ihrfelt, & Wallén, 2014).  

Company Aker 
Solutions

Bactiguard Entra ISS Ocean Yield Prime 
Living

Wilh 
Wilhelmsen

Peer Petrofac Getinge NPRO Sodexo SA
Costamare 

Inc.
Akelius 

Residential
Mitsui 

O.S.K. Lines
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When it comes to ISS, it has become a global leading integrated facility service company. The company 

has one of the broadest ranges of services in the industry and the highest degree of self-delivery (Kjær, 

2014). It has therefore been important to find a peer with a similar global leading role. A good match 

for ISS is therefore a company called Sodexo that is a French integrated facility service company. This 

company is a leading player together with ISS in the integrated facility market, and identified as the 

main competitor to ISS by Jyske Bank (Kjær, 2014). With similar size and several key ratios such as 

Sales/EBITDA, we therefore believe Sodexo is a good match to ISS.  

 

The chosen peer of Ocean Yield was the Greek company Costamare Inc. As Ocean Yield Costamare 

Inc. is an owner of containerships, where it leases out on long-term contracts. The peer has been on 

the market since 1975, which makes it more experienced than Ocean Yield than can be seen as still a 

young company in its growing phase. However we thought this was a good peer to use as it targets the 

same customers as Ocean Yield, and both DNB Markets and Swedbank has identified Costamare Inc. 

as a peer of Ocean Yield (Mathiesen, 2013) (Folkeson & Strat, 2015). 

 

When finding a peer for Prime Living we where consistent on choosing a company that also traded on 

First North. The closest peer we found was the Swedish real estate company Akelius Residential that 

has apartments in several of the same cities as Prime Living, such as Lund an Malmö. Even though they 

don’t rent out student housings, this can be a good peer of Prime Living as they can compete with the 

same students.  

 

When it came to finding a peer to Wilh. Wilhelmsen, the company at the time of the IPO was the only 

globally listed company that only focused on Ro-Ro11 shipping and logistics. There was therefore none 

directly comparable companies that could be identified as a peer. However a Japanese shipping 

company called Mitsui OSK lines has been identified as a peer of Wilh. Wilhelmsen. Even though it is 

involved in additional shipping segments, it has been chosen because of its global leading role in the 

carrier fleet market and because it had very similar P/E, EV/EBIT and EV/EBITDA multiples as 

Wilh Wilhelmsen at the time of the IPO, reflecting a similar size and performance (Stavseth, 2010). 

 

                                                
11 Stands for Roll-on/Roll-off. Ro-Ro ships are vessels that can carry wheeled cargo, such as automobiles, trailers etc. 
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After having chosen the relevant peers we collected their historical daily equity prices one year before 

the IPO of our different companies, as we wanted to have an estimate that could represent the asset 

volatility around the time before the IPO. We then converted the equity prices to daily log returns and 

calculated the annualized equity volatility by taking the standard deviation of the log returns times the 

square root of number of trading days a year which we assumed to be 252.  When finding the market 

value of equity of each peer, we collected the market capitalization the day our firms went public, which 

we could find on Bloomberg. Finally the book value of debt was found in the firms’ annual report. By 

using the formulas presented in the theory chapter, we could therefore find a respective asset volatility 

estimate for all our firms, which are shown in table 7.2.  

 

 
Table 7.2 (Source: Bloomberg) 

 

The two peers with the highest asset volatilities became to be Petrofac (peer to Aker Solutions) and 

Getinge (peer to Bactiguard) with both an asset volatility of 26%. We belive these high asset volatilities 

may be a good reflection of both Aker Solutions and Bactiguard. In the case of Aker Solutions their 

demerger happened a few months after the large drop of the crude oil price started. As oil service 

companies are very affected by the oil price, this could reflect in higher risk of Aker Solutions’ assets at 

the time of their demerger. The high asset volatility could therefore be a good reflection of the 

company. Regarding Bactiguard one has seen that the company has only had negative development 

ever since they went public. It therefore makes sense to assign a high volatility to this firm. One could 

argue to gear up the asset volatility as Bactiguard has had a worse development than all its peers. 

Nevertheless we chose not to do this, as we wanted to be consistent in using the volatility from the 

peer. In the middle we got Norwegian property (peer of Entra), Sodexo SA (peer of ISS), Costamare 

Inc (peer of Ocean Yield) and Mitsui O.S.K. lines (peer of Wilh Wilhelmsen) with asset volatilities of 

12, 18, 12 and 18 percent. The asset volatility to Entra seems reasonable as the real estate industry is 

seen as more stable in Norway and Entra overall has had a good development ever since they went 

public in 2014. Regarding ISS one could argue that the given asset volatility could be reasonable as 

when the company was relisted again it was turned around by Goldman Sachs and EQT Partners, 

Different currencies in million Petrofac Getinge NPRO Sodexo SA
Costamare 

Inc.
Akelius 

Residential
Mitsui 

O.S.K. Lines

Annualized Equity Volatility 34 % 37 % 32 % 22 % 27 % 13 % 35 %
Market Value of  Equity (E) 3594 41063 5331 12109 1307 22583 776848
Book value of  Debt 1143 17867 9209 2703 1740 36207 775139
Asset Value (V) 4737 58930 14540 14811 3046 58790 1551987
Asset Volatility 26 % 26 % 12 % 18 % 12 % 5 % 18 %
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reflecting a more stable firm. When it comes to Ocean Yield, it is a company within the oil service and 

industrial shipping industry as mentioned in the company overview section. One could therefore 

believe that the asset volatility of the firm should be higher. However at the time of Ocean Yield’s IPO 

(July 2013), the oil price where still at high levels (“Børs & Marked: Energi,” n.d.), in addition to 

increased capital markets activity in the shipping industry, that could indicate in not to high volatility in 

the firm’s assets. When it comes to the shipping company Wilh Wilhelmsen there are several that argue 

that the shipping industry is volatile (Stopford 2009, Ghiorghe and Ana Maria 2010). With fluctuations 

of the freight rates12, this creates volatility in the industry (Widlantoro & Elvenes, 2012). At the time of 

the Wilh Wilhelmsen’s IPO, 2010, the shipping industry had a sustainable recovery from the financial 

crisis and the overall economy was more or less stable. The freight rates therefore increased as a result 

of a higher level in demand relative to supply in the shipping market, and hence indicating higher 

earnings for the shipping companies (“Review of Maritime Transport,” 2011). It could therefore seem 

reasonable with the asset volatility level to Wilh Wilhelmsen. However one could argue that by using a 

peer from a different country, Japan, wouldn’t be sufficient enough as mentioned earlier. Finally the 

firm with the lowest asset volatility was Akelius Residential (peer of Prime Living) with an asset 

volatility of 5 percent. The very low asset volatility might be affected by the fact that the firm (and the 

chosen peer) is listed on First North. As mentioned above this is an alternative stock market in the 

Nordic with fewer companies, and hence is not as liquid as the main stock exchanges. The low asset 

volatility can therefore be explained by the low liquidity in the market. Even though we wanted to be 

consistent in using the calculated asset volatilities, we wanted to gear up the asset volatility of Prime 

Living as we thought this volatility was too low to reflect a reasonable asset volatility of the firm. We 

therefore chose to use Entra’s calculated asset volatility as a benchmark for the asset volatility of Prime 

Living. One should note that Entra is part of the OMX20, which has a higher turnover than First 

North, and hence might reflect a higher asset volatility. However we wanted to be consistent in using 

Entra’s volatility as a benchmark instead of trying to guess a new estimate ourselves.  

 

One should note that there could be placed some criticism in using a peer to find the asset volatility, as 

there is no guarantee that the calculated asset volatilities is a good enough reflection of our firms in this 

thesis. One could therefore argue to gear up or down the volatilities that didn’t seem reasonable. 

However we chose to be consistent in using the calculated volatilities as we used the most direct peer 

                                                
12 Freight rates are determined by the supply and demand of the shipping market. When there is a over supply the freight 

rates are low whilst high when there is a over demand (“Shipfinance,” n.d.)  
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possible, with the exception of the volatility of the peer of Prime Living as we though this was far 

beyond reasonable.  

7.2. Choice of risk-free interest rate 

When building our model it was crucial to choose the right representative for the risk-free rate. In 

general the risk-free rate is defined as the theoretical rate of return of an investment with zero risk. The 

risk-free rate therefore represents the expected interest an investor would receive from a risk-free 

investment (The Norwegian Market Risk Premium 2013 and 2014, n.d.). In reality these interest rates do not 

exist, which is why there are several interest rates that are considered proxies for the risk-free rate.   

 

For our model, we have chosen to use the long-term government bonds in each Scandinavian country. 

We could also have used the reference rate, the short-term borrowing rate for AA-rated financial 

institutions, as this is a preferred proxy for some as well. For example in a survey made by PWC, 12% 

of the respondents13 chose to apply the 3M NIBOR as the risk-free rate in the Norwegian market in 

2014 (The Norwegian Market Risk Premium 2013 and 2014, n.d.). As NIBOR, STIBOR, CIBOR are all so 

close to zero, there shouldn’t be a problem to use them as a proxy for the risk-free interest rate. 

However since both STIBOR and CIBOR became negative in 2012 (Færaas, 2012) and this year  

(Takla, 2015), we have chosen to not use the reference rates as our proxy of the risk-free interest rate.  

 

Others prefer to use highly liquid, long-term government securities, i.e. default free bonds as a proxy in 

developed countries. Although they are not necessarily risk free, long-term government bonds in 

Western Europe have extremely low betas14. The 10-year German Eurobond is recommended for 

European companies, as these bonds have higher liquidity and lower credit risk than other European 

bonds (Koller, Goedhart, & Wessels, 2010). This could therefore be a good proxy for our Scandinavian 

bonds.  

 

Our final choice of using the Scandinavian long-term government bonds relies upon the fact that our 

companies in this thesis are Scandinavian and it was most logical to use a risk free rate from the same 

country as the companies. Denmark, Norway and Sweden are also stable and have very low betas, 

which fulfills a risk free rate criteria. In Denmark all the government bonds below 10 years are negative, 

                                                
13 There was 188 respondents where some of them where: Deloitte, DNB,  ABG Sundal Collier, Arctic Securities, Nordea, 

PWC, SEB 
14 A beta of 0 indicates that a security is risk free 
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which makes us to choose 10-year government bond for all our countries. When using these 

government bonds we will make sure that the yields are denominated in the same currency as our 

bond’s cash flow (coupons), as this will make the inflation to be modeled consistently between the cash 

flow and the discount rate (Koller et al., 2010).  

7.3. Calibrating the inverted Merton model 

After estimating the credit spread and asset volatility, as well as chosen which risk free rate to use, we 

had all the required input for our models and were ready to begin our estimation.  With our inverted 

structural models we were able to find the market value of equity and the implied share, which we 

could then compare to the actual share price of the respective firms the first trading day after their 

IPO. We used firs day of trading and not the IPO as a reference price, because we wanted to compare 

our results to the market price. The output of the model can be seen in figure 7.1. 

 

When building up our model we started by plugging in the relevant risk free rate for each company, 

which was the 10-year government bond rate for the origin country at the IPO date. Next, the value of 

the firm, V, was set to be a random number at first, because later we would use solver to change this 

value. Further when finding the total amount of the firm’s notional debt, B, we did a different version 

than the original Merton model. Originally Merton only takes into account zero-coupon bonds in his 

model, and hence only uses the face value of these bonds. However as all the bonds in this thesis are 

bullet bonds, i.e. with coupons, we added all the coupons at maturity to the total amount of the firm’s 

debt value. By coupon at maturity we mean that we moved all the coupons of the bond to the final 

payment. To do this we simply used the spot rate curve to move each coupon to the final payment at 

the corresponding risk free rates. What this means is that instead of paying any coupons, the companies 

take up additional risk free loans when a coupon is due, with a maturity equal to the bond. This is 

possible because of the third assumption in the Merton model, which states “there exits an exchange 

market for borrowing and lending at the same rate of interest”. This is not a common way of dealing with the 

problem, because it removes the possibility of bankruptcy before maturity. However as we discussed in 

the Black-Cox chapter, bankruptcy before maturity is a bit problematic in the inverted Merton and as 

long as there is a chance of the company not going bankrupt if it continues to exist, the owners will be 

better off drifting it than giving up and receiving nothing. Because of this we can ignore this problem in 

our thesis and we are therefore only left with the benefit of moving all coupons to maturity. We can 

treat any bond as a zero coupon bond, in a way that accurately compensates for different coupon rates 

and does not contradict any of the assumptions, nor does it require any new assumptions.  



 96 

 

In order to double check our results regarding the total coupons at maturity, we saw if the total 

coupons at maturity where lower than the dirty prices. They should be lower since investors pay a 

certain price (dirty price) in order to get more in the future (100 + all coupons at maturity). For 

example if all coupons at maturity are 17% and the dirty price is 111, this means that the investors pays 

111 for a bond with a total coupon 117 at maturity. Further if the firm has a high credit spread, the 

difference between the dirty price and the calculated all coupons at maturity should be higher and 

opposite if the credit spread is low. The difference should also be higher for a bond with a higher 

maturity than another bond with a shorter maturity. As most firms has other types of debt outstanding 

such as for example bank loans, it wouldn’t be sufficient enough to only include the coupons at 

maturity to the value of the bonds. We therefore though it was important to include all the net interest 

bearing debt of each company around the time of the IPO instead of only the value of the bonds. The 

net interest bearing debt was found in the respective annual reports or the bond issue prospectuses. 

One other important input parameter in the model was the remaining time to maturity of each bond, or 

said in other words the horizon or tau. The horizon was found by taking the difference between the 

bond issue date and IPO date and divided it by 365 in order to get the horizon quoted in number of 

years. We then plotted the asset volatility of each peer. With the risk-free rate, market value of the 

firm’s risky assets (firm value), total amount of the firm’s notional debt, volatility and horizon in place, 

we could further calculate the debt to firm value ratio, d, given by Merton. After calculating the market 

value of equity, f[V,tau], market value of debt, F[V,tau], and the credit spread, we took the squared 

difference between the theoretical spread and our own spread. By doing this we where able to use the 

solver function in excel, where we sat the squared error to a minimum value by changing the market 

value of the firm’s risky assets (firm value) and having non-negative values. The solver then helped us 

in finding the market value of equity at the time of the IPO and the implied share price by dividing the 

equity value by the number of shares outstanding the day the firms went public. The final output with 

all the previous mentioned parameters are shown in figure 7.1.  

7.3.1. Aker Solutions  

When calibrating the model for Aker Solutions there where two bonds we had to take into account, 

4,20 and 4,25 floating bonds. We therefore chose to first of all take the average coupons at maturity for 

both bonds in order to add it to the interest bearing debt and take the average of both spreads at the 

IPO date for simplicity. For the 4,20 floating bond, the coupons at maturity became 35,01 percent 

while for the 4,25 floating bond it became 17,12 percent. As the dirty price of these two bonds where 
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more or less the same15, the difference between the dirty price and coupons at maturity where larger for 

the 4,20 floating bond. This seems reasonable as this bond had a longer horizon at the time of the 

demerger as well as a larger spread than the 4,25 floating bond. The average coupon at maturity hence 

became to be 26,05 percent, so in average the investors bought these two bonds in order to get a future 

coupon of 126,06 and the average credit spread became 2,67 percent. One could have argued to take 

the average of the bonds’ horizon as well, but as most of the debt to the firm matured in up to 5 years 

or more, we chose to set the horizon to 5 years for simplicity (Aker Solutions, 2014c). When it comes 

to the debt of the firm at the time of the demerger, we found the net interest bearing debt to be NOK 

15 billion (Aker Solutions, 2014c). This debt level contained the whole debt of the mother company, 

Akastor, at the time, which could have been seen as a too big level for Aker Solutions. However as 

Aker Solutions was the biggest part of the old company, we thought it shouldn’t be a too big of a 

matter to include the whole debt.  

 

 
Table 7.3 

 

By calculating the necessary parameters and using solver to minimize the squared errors, we got an 

implied share price of NOK 30,14. The actual share price the first trading day after the demerger was 

NOK 64, indicating that our model got a price very far from the actual share price. 

7.3.2. Bactiguard 

When calibrating the model for Bactiguard, we found the net interest bearing debt to be SEK 470,57 

million at the time of the IPO (Swedbank, n.d.). Further the horizon of the bond was 2,49 years, and 

we kept the horizon at this level as there where no specifications on whether when the majority of the 

debt matured. The coupons at maturity where calculated to be 32,1 percent which means that the 

investors bought the bond for a dirty price of SEK 108.5 in order to get 132,1 at maturity. The credit 

spread at the time of the IPO was calculated to be 5 percent.  

 

 
Table 7.4 

 

                                                
15 NOK 105,13 for 4,20 floating bond and NOK 105,69 for the 4,25 floating bond 

NIBD Horizon Avg. coupon T Avg. Spread at IPO
15 010 000 000 5,00 26,06 % 2,67 %

NIBD Horizon Coupon T Spread at IPO
470 570 000 2,48 32,08 % 5,00 %
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By calculating the necessary parameters mentioned above and solving the squared errors by changing 

the value of the firm we got a significant low implied share price of SEK 4,32. Our price was very far 

from the actual price the first trading day after the IPO, which was SEK 32,20. As mentioned in the 

company overview section, the stock price had a very negative development ever since the IPO, 

indicating that the initial price was overvalued. This may be some of the reason why our price was very 

much lower than the actual price. However a price of SEK 4,32 is still way too low even though the 

true price of Bactiguard should be lower than the one the first trading day after the IPO.  

7.3.3. Entra 

When calibrating the model for Entra, we chose to take the average of the horizon, spread at IPO and 

coupons at maturity as Entra had several bonds outstanding before the IPO. We therefore got an 

average horizon of 5,612 years, average credit spread of 0,6 percent and average coupons at maturity 

28,5 percent. From the prospectus, we found the net interest bearing debt to be NOK 15,53 billion 

(Entra IPO Prospectus, 2014).  

 

 
Table 7.4 

 

With all the necessary inputs and calculations we got the final implied share price of NOK 30,86 which 

was a little bit under half of the actual share price of NOK 71,75 the first trading day after the IPO. As 

the previous companies, the implied share price was far from the actual share price.  

7.3.4. ISS 

When it comes to ISS, there was less than one year left until maturity (horizon of 0,79 years) of the 

bond when the firm went public, indicating that there was no coupon payments left as the bond had 

annual payments. Because of this we didn’t calculate any coupons at maturity for ISS to add to the total 

amount of the firm’s debt. The total amount of the firm’s notional debt was therefore only the net 

interest bearing debt, which was found to be DKK 22,7 billion. Further as ISS had several bonds 

outstanding at the time of the IPO, including a big amount of bank debt, it would give us weird results 

if we had used the short horizon in our model in order to calculate the market value of equity. 

Therefore as majority of the total debt had a majority of 5 years we sat the horizon to 5 years for 

simplicity (ISS, 2014). Finally the spread at the IPO was found to be 0,74 percent.  

 

NIBD Avg. Horizon Avg. coupon T Avg. Spread at IPO
15 524 500 000 5,61 28,53 % 0,60 %
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Table 7.5 

 

After doing the necessary calculations we got the implied share price to be DKK 64,52 which was 

under half of the actual share price the first trading day after the IPO of 186,80. Also here the implied 

share price was far from the actual share price.  

7.3.5. Ocean Yield 

When calibrating the model for Ocean Yield we found the net interest bearing debt to be USD 830,2 

million, which was equivalent to NOK 4,85 billion at the time of the IPO (Ocean Yield, 2013). Further 

when it comes to the horizon, the bond of Ocean Yield was called in July 2014. However as we 

included the net interest bearing debt of the firm instead of only the value of the bond, we changed the 

horizon to five years as the majority of the firm’s debt matured up to and above five years around the 

time of the IPO (Ocean Yield, 2013). Further we calculated coupons at maturity to be 11,40 percent, 

where the dirty price was NOK 105,51 giving a small difference of 5, which seems reasonable, as the 

horizon was under 1 year at the time of the IPO. Finally the calculated credit spread at the time of the 

IPO was 4,88 percent.  

 

 
Table 7.7 

 

After doing all the necessary calculations we found the implied share price to be NOK 1,09 which was 

way below the actual share price the first trading after the IPO of NOK 27,60. Some of the explanation 

behind this can be viewed in the sense that both x1 and x2 in the calculation of the market value of 

equity became negative, which can be seen in figure 7.1 below. This reflects a negative time value, 

indicating that when the horizon increases the share price decreases. Normally it should be the opposite 

as 1 unit currency is worth more today than in the future. Our inverted Merton model has therefore 

been a very bad fit for Ocean Yield.  

7.3.6. Prime Living 

When calibrating the model for Prime Living we found the net interest bearing debt to be SEK 267,39 

million around the time of the IPO (Prime Living Annual Report, 2014). We increased the horizon to 

three years (the bond had a horizon of 1.7 years), as the majority of the firm’s debt was set to mature in 

NIBD Horizon at IPO Coupon T Spread at IPO
22 651 000 000 5,00 0,00 % 0,74 %

NIBD Horizon Coupon T Spread at IPO
4 849 299 065 5,00 11,44 % 4,88 %
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2017 (Prime Living Annual Report, 2014). The coupons at maturity were further found to be 21,34 

percent, where the dirty price the same date was 119,38. This means that the investors bought the bond 

for 119,38 in order to receive 121,34 at the maturity of the bond, which makes sense since the credit 

spread of the bond is low at 0,58 percent indicating that the difference between the dirty price and the 

coupons at maturity were small.  

 

 
Table 7.8  

 

After we did the necessary calculations, we got an implied share price of SEK 63,72, where the actual 

share price the first trading day after the IPO was SEK 98,50. Compared to the previous companies, 

this share price is much closer to the actual share price. However the reason behind this is most 

probably because we decided to gear up the asset volatility from 5 percent to 12 percent.  

7.3.7. Wilh Wilhelmsen 

When it comes to Wilh Wilhelmsen we where careful in only using the net interest bearing debt from 

Wilh Wilhelmsen and not the old mother company at the time of the IPO. Further as we didn’t find 

any cash and cash equivalents of Wilh Wilhelmsen at the time of the IPO and only the mother 

company, we assumed no cash in the calculation of the net interest bearing debt. We therefore found it 

to be USD 941 million, which was equivalent to NOK 5,63 billion. When it comes to the horizon, the 

relevant bond of Wilh Wilhelmsen had a horizon of 6,36 years. However as the majority of the debt of 

the company had a maturity of around 5 years at the time of the IPO, we changed the horizon to 5 

years (Wilh. Wilhelmsen, 2010c). Further we calculated the coupons at maturity to be 56,57 percent, 

which means that the investors that bought the bond at the time of the IPO expected in receiving 

156,57 at the maturity of the bond. The dirty price that day was at NOK 113,37, which leaves a big gap 

between the dirty price and the coupons at maturity. However this makes sense as the bond had a 

longer maturity of over 6 years at this date, and the calculated annual credit spread was found to be 

4,35 percent.   

 

 
Table 7.9 

 

NIBD Horizon Coupon T Spread at IPO
267 393 000 3,00 21,34 % 0,58 %

NIBD Horizon Coupon T Spread at IPO
5 624 626 420 5,00 56,57 % 4,35 %
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After doing the necessary calculations we got an implied share price of NOK 4,40, which was way 

below the actual share price the first trading day after the IPO of NOK 22,80. However here we saw 

the same case as of Ocean Yield with a negative time value because of negative values to both x1 and 

x2, which can be seen in figure 7.1 below. Nevertheless we see that our modified model doesn’t fit well 

with Wilh Wilhelmsen.  

 

Empirical results inverted Merton model 

 
Figure 7.1 

 

In figure 7.1 we see a summary of all the necessary parameters in our inverted Merton model. None of 

the implied share prices we calculated was close to the actual share price, where some where much 

more far of than others. Aker Solutions, Entra and ISS had an implied share price of little under half of 

the actual share price, while Prime Living had some above half which was most probably because of 

the high asset volatility assumption. Bactiguard, Ocean Yield and Wilh Wilhelmsen had implied share 

prices that was unreasonable far from the actual share price. In the case of Bactiguard we know that the 

share price had a negative development ever since the IPO, but an implied value that low doesn’t make 

so much sense. Subsequently with Ocean Yield and Wilh Wilhelmsen both got a negative time value, 

which is unrealistic. This model is therefore way to simple in order to find an implied share price, even 

though we made several new modifications. One should note that we have made many assumtpions 

that have had an impact on share price. For example we have found that the share price was sensitive 

to changes in asset volatility and the level of debt. Therefore an increase in asset volatility or the debt 

level increases the stock price and an opposite change decreases the stock price. Because we made 

Aker%Solutions Bactiguard Entra ISS Ocean%Yield Prime%Living Wilh%Wilhelmsen
Rf 2,33$% 1,80$% 2,11$% 1,50$% 2,41$% 0,94$% 3,32$%
V 22$934$699$715 668$887$153 22$813$726$681 32$234$492$858 3$899$852$577 392$795$483 7$618$799$742
B 18$921$604$652 621$547$679 19$953$988$125 22$651$000$000 5$404$259$509 324$446$377 9$761$367$798
Vol 26$% 26$% 12$% 18$% 12$% 12$% 18$%
Tau 5,00 2,48 5,61 5,00 5,00 3,00 5,00
d 0,73 0,89 0,78 0,65 1,23 0,80 1,09

f[V,tau] 8$200$576$781 144$010$899 5$670$762$878 11$981$470$343 146$983$709 82$830$179 967$900$695
x1 0,82 0,49 1,03 1,26 .0,63 1,16 .0,00$
x2 0,24 0,08 0,75 0,86 .0,90 0,95 .0,40$

F[V,tau] 14$734$122$934 524$876$254 13$684$248$336 16$928$916$551 3$752$868$868 309$965$305 6$650$899$048
h1 .0,82 .0,49 .1,03 .1,26 0,63 .1,16 0,00
h2 0,24 0,08 0,75 0,86 .0,90 0,95 .0,40

Theoretical%spread 2,67$% 5,00$% 0,60$% 0,74$% 4,88$% 0,58$% 4,35$%
Our%spread 2,67$% 5,00$% 0,60$% 0,74$% 4,88$% 0,58$% 4,35$%

Squared%error 0,00 0,00 0,00 0,00 0,00 0,00 0,00

#issued%shares 272$040$000 33$302$000 183$732$000 185$700$000 134$629$000 1$300$000 220$000$000
Implied%Share%Price 30,14 4,32 30,86 64,52 1,09 63,72 4,40

Target%Price 64,00 32,20 71,75 186,80 27,60 98,50 22,80
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assumtpions to both the asset volatility and the debt level, a sensitivity analysis has therefore been 

necessary to do in order to show how sensitive the stock price is to changes in the two mentioned 

parameters.  

7.4. Sensitivity Analysis 

As a final step in this chapter it has been important to obtain an understanding of how sensitive the 

parameters in the model are. We have therefore conducted a sensitivity analysis exploring how 

adjusting parameters affect the share price of the seven companies. A sensitivity analysis is defined as 

the exercise of driving a valuation range by varying key inputs (Rosenbaum & Pearl, 2010). With the 

help of a sensitivity analysis, one can therefore focus on which parameters to investigate further and 

monitor more closely (Koller et al., 2010).  

 

In the sensitivity analysis of this thesis, we chose to look at the debt level and the volatility, meaning 

that we didn´t focus at the credit spread, risk free rate and the time to maturity. This is because we 

know the risk free rate, we know the time to maturity, and we have calculated the spreads in the normal 

manner. However when calculating debt levels we have moved the interests into the final payment and 

we have extracted asset volatility from comparable firms, which makes us more uncertain of those two 

variables than the rest of the input in the Merton model. 

 

When we calibrated the sensitivity for each of the 7 companies in our thesis, we started by taking the 

final notional debt amount, B, from the previous section and increased and decreased it by 10 percent 

with a 5 percent interval, giving five different debt values. We then plotted in each of these new debt 

levels in our inverted Merton model in excel and solved for each of them, giving us five different 

market values of equity and share prices.  After this we used the same approach with asset volatility, 

where we took the peers’ asset volatilities as a starting point and increased and decreased it by 10 

percent in relative values with a 5 percent interval, giving us five different asset volatilities. Continuing, 

we plugged these values in the same excel model and did the same approach in order to give us five 

different market values of equity and share prices. In the following we solved the five different asset 

volatilities levels together with the five different debt levels, giving us a final number of 25 different 

market values of equity and share prices for each of the 7 companies. One should note that we 

increased and decreased both the debt level and asset volatility by relative values of the original values. 

This means that both the asset volatility and the debt level increased/decreased by first 5 percent of the 
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original value and then 10 percent. The reason why we chose to use relative values was then we could 

compare the sensitivity parameters and the sensitivity output across the different companies. 

 

We have only included the sensitivity analysis for Aker Solutions and Entra in the thesis, the rest can be 

found in appendix 7.1. We did this because both of the companies had very similar horizon and 

implied share prices in our inverted Merton model and highly different asset volatilities. They also went 

public on the Oslo Stock Exchange only months apart. Based on this we could compare both of them 

and illustrate hos sensitive our inverted Merton model was. The sensitivity output for Aker Solutions 

and Entra is shown in figure 7.2 to 7.3.  

 

Aker Solutions Market value of Equity sensitivity 

 
Figure 7.2  

 

Aker Solutions Share price sensitivity 

 
Figure 7.3 

 

When interpreting the sensitivity of Aker Solutions, the asset volatility was set to range from 23.40 to 

28,6 percent and the notional debt amount was set to range from NOK 17 029 444 187 to NOK 20 

813 765 118. As we can see from the output, the market value of equity and subsequently the share 

price increased when either the asset volatility or the debt level increased. This resulted in the lowest 

market value of equity and share price in the left bottom corner of the figures and the highest market 

NOK 17#029#444#187 17#975#524#420 18#921#604#652 19#867#684#885 20#813#765#118
28,60#% 9#167#889#248 9#677#214#512 10#186#541#564 10#695#870#985 11#205#200#528
27,30#% 8#242#065#626 8#699#962#778 9#157#850#841 9#615#743#232 10#073#636#147
26,00#% 7#380#518#767 7#790#548#014 8"200"577"288 8#610#605#236 9#020#699#117
24,70#% 6#579#169#299 6#944#681#096 7#310#188#649 7#675#698#091 8#041#206#920
23,40#% 5#834#324#805 6#158#453#961 6#482#583#117 6#806#715#385 7#130#841#430
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NOK 17#029#444#187 17#975#524#420 18#921#604#652 19#867#684#885 20#813#765#118
28,60#% 33,70 35,57 37,45 39,32 41,19
27,30#% 30,30 31,98 33,66 35,35 37,03
26,00#% 27,13 28,64 30,14 31,65 33,16
24,70#% 24,18 25,53 26,87 28,22 29,56
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value of equity and share price in the upper right corner of the figures. The reason why the market 

value of the equity and the share price increased by increasing the asset volatility can be explained by 

the classical option theory. Summing up from our theory section the market value of equity is seen as 

the payoff of an European call option with an underlying asset At and exercise price B maturing at time 

T. Therefore when you increase the volatility in the Black and Scholes formula, holding all other 

parameters constant, the price of the long call option will go up, or in this case the market value of 

equity (Folger, n.d.). When it comes to changes in the debt level in our inverted Merton model, the 

option theory would indicate a lower price of the call option whenever the exercise price increased, if 

all else equal. The reason for this is because by increasing the exercise price, the premium of the call 

would decrease and hence give a lower price for the call option. In our case, the exercise is the notional 

amount of debt and the price of the call option is the market value of equity, as mentioned earlier. 

However in our inverted Merton model, the market value of equity and the share price increased 

whenever we increased the debt level. This can be explained by the fact that we calculate the firm value 

based on the credit spreads from bonds. If the bonds have higher face values, the firm value has to be 

higher in order to keep the risk of bankruptcy at the same level. This also translates to a higher equity 

level because if all else equal the leverage ratio will stay the same, which means that an increase in debt 

value also increases the equity value. The sensitivity output for Aker Solutions then resulted in a market 

value of equity range from NOK 5 834 324 805 to NOK 11 205 200 528 and subsequently a share 

price range from NOK 21,45 to NOK 41,19. As one can see, the market value of equity and share 

price was more sensitive to changes in the asset volatility than changes in the debt levels. However the 

share price increases by a decreasing rate, which means this might not always be true.  

 

Entra Market value of Equity sensitivity 

 
Figure 7.4  

 

 

 

NOK 17#958#589#313 18#956#288#719 19#953#988#125 20#951#687#531 21#949#386#938
13,20#% 6#047#236#584 6#383#188#199 6#719#145#490 7#055#102#763 7#391#071#310
12,60#% 5#565#502#328 5#874#702#350 6#183#895#166 6#493#086#034 6#802#280#593
12,00#% 5#103#686#788 5#387#226#868 5"670"762"878 5#954#304#912 6#237#839#487
11,40#% 4#661#262#286 4#920#218#583 5#179#193#938 5#438#135#634 5#697#096#223
10,80#% 4#237#749#462 4#473#183#117 4#708#608#622 4#944#039#051 5#179#470#121As
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Entra Share price sensitivity 

 
Figure 7.5  

 

When it comes to Entra, the asset volatility was set to range from 10,80 to 13,20 percent and the debt 

level was set to range from NOK 17 958 589 313 to NOK 21 949 386 938. Just as with Aker Solutions, 

the market value of equity and the share price of the firm increased when the asset volatility or the debt 

level increased. This resulted in a range from NOK 4 237 749 462 to NOK 7 391 071 310 in market 

value of equity and a range from NOK 23,06 to NOK 40,23 in the share price of Entra. As in the case 

of Aker Solutions and all the 5 other companies, the market value of equity and share price was more 

sensitive to changes in the asset volatility than changes in the level of debt. The most interesting part 

when comparing Entra with Aker Solutions is that Aker Solution’s market value of equity and share 

price was more sensitive to the changes in the asset volatility than Entra. For example when looking at 

the lowest debt level for both firms, one can see that Aker Solutions’ share price ranged from NOK 

21,45 to NOK 33,70, while Entra’s share price ranged from NOK 23,06 to NOK 32,91. However this 

can be explained by the fact that Aker Solutions has higher asset volatility to begin with and therefore a 

higher interval in absolute value of asset volatility. When it comes to the changes in the debt level, both 

Aker Solutions` and Entra`s changes in the share price were almost the same. 

 

By doing this sensitivity analysis, we have seen that our inverted Merton model is both sensitive to both 

the debt level and the asset volatility. It is therefore easy to interpret the wrong implied share price of a 

specific firm if the estimation of the asset volatility is wrong. However even though it is possible to 

reach the implied share price by gearing up the asset volatility, it wouldn’t be realistic since then all the 

firms had to have very high asset volatilities which does not give a good reflection of the risk of each 

respective firm. So even though we know our model is very sensitive, and one can change either the 

debt level or the volatility parameters in order to get a more realistic implied share price, we still believe 

our model is too simplified in order to predict an implied share price. For this reason we have also gone 

NOK 17#958#589#313 18#956#288#719 19#953#988#125 20#951#687#531 21#949#386#938
13,20#% 32,91 34,74 36,57 38,40 40,23
12,60#% 30,29 31,97 33,66 35,34 37,02
12,00#% 27,78 29,32 30,86 32,41 33,95
11,40#% 25,37 26,78 28,19 29,60 31,01
10,80#% 23,06 24,35 25,63 26,91 28,19As

se
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further to built up a slightly different model, based from the Geske model in order to see if this model 

is better in interpreting the implied share price of each of the 7 companies.  

8. Empirical results Geske Model 

In our analysis we have set the final payment to be in year 10, and also moved the NIBD to year 10 by 

taking a yearly average of the “coupons at maturity”, as we have discussed earlier. To explain further we 

will go in depth on the Aker Solutions scenario. Aker Solutions has a bond with maturity of about 5 

years. By moving all the interest payments to the last year, we found that the bond has a value of NOK 

1,3 billion. We set the last payment to be in 10 years and to have a value of NOK 26,7 Billion. We then 

solved to find the implied value of the company at time t* (payment of the first debt), when we know 

that expected equity value as a function of the final debt payment has to be equal to the payment made 

in t* (the first debt payment). The payment has to the value of equity to avoid any arbitrage 

opportunities. By using Geske we found the following results, which we will compare to our Merton 

results.  

 

Results Geske and Merton 

Company IPO Price First day of trading Merton Price Geske Price 

Aker Solution 65,35  64,00 30,14 46,21 

Bactiguard 38  32,20 4,32 11,00 

Entra 65  71,75 30,86 31,41 

ISS 160  186,80 64,52 9,36 

Ocean Yield 27  27,60 1,09 8,80 

Prime Living 99  98,50 63,72 154,77 

Wilh. Wilhelmsen 24,2  22,80 4,40 27,33 

Table 8.1 

As we can see, we got a less than ideal output from the Geske model. Compared to the inverted 

Merton model, Geske gave slightly better implied share prices. This is likely due to the model being a 

little bit more complex and using more data than the original Merton model. The results are still far 

away from being ideal, but we have shown that both simple and more complex structural models can 

use debt to price equity. One interesting result from the Geske model was that the two companies with 

the simplest debt structure (Prime Living and Bactiguard) got implied share prices that were not far 

from the values today. In the beginning of June, Prime Living was trading at SEK 113, while Bactiguard 

was trading at SEK 12,45. The fact that Prime Living and Bactiguard who´s debt structure were most 
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similar to that of an ideal Geske scenario, both ended up trending towards our estimated price is 

interesting, and might indicate that pricing IPOs from debt is a valid option. However the price might 

be reacting to other events that have happened after the IPO and that them trending toward our prices 

is just random. Because our sample is so small we cannot see if this is the case or not, nevertheless it is 

interesting.  

9. Conclusion 

The purpose of this thesis was to find out if a fair IPO price could be projected from the price and 

spread of traded debt. Based on the findings in this thesis, we have not been able to conclude with any 

confidence, if this is possible or not. Throughout this thesis we have provided a thorough assessment 

of how debt can be used to price equity prior to an IPO. We have shown how existing theories could 

be inverted from pricing debt as a function of equity, to pricing equity as a function of debt. We have 

also conducted an anecdotal case study where we test our models on seven companies from 

Scandinavia.  

 

From our theoretical analysis, we find that most of the structural models does not have any 

assumptions that prevent them from being inverted empirically. However we also find that the Black-

Cox model cannot be inverted because it allows for bankruptcy at any time, as long as the value drops 

below a certain point. This is a problem because without equity being traded, there is nothing to protect 

shareholders from debt holders manipulating the price and taking control of the company. 

 

From our empirical analysis, we first looked at the movements of the credit spread and how this 

changed after the IPO. For three of the companies, we could not tell if the IPO had caused a change in 

the movements of the spread. For the rest of the companies we could conclude that there was no 

statistical change in the movements of the bonds around the time of the IPO. In this part of our thesis 

we have found no prior research. The low amount of data could be one of the reasons for this. 

 

We statistically and graphically investigated the relationship between equity and debt. Through a 

correlation analysis we observed weaker correlation in our sample than what previous research from 

Kapadia has shown on the link between equity and debt. Nevertheless, by graphically comparing stock 

price and credit spreads, we observe that they are trending towards each other. This is equivalent to 

research from Norden and Weber. The reason why we are having trouble observing this relationship 
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statistically and not graphically is likely due to the lack of liquidity in the bond market compared to the 

equity market. 

 

Next we tested the inverted Merton and Geske model on the seven companies. Both models yielded 

implied share prices that where far away from the actual price, indicating that these models were a bad 

fit for predicting share prices. Giving that this was an anecdotal case study, we cannot conclude if these 

results are representative. Overall it is believed that both models are too simple to predict an accurate 

fair price. Using more complex structural models such as Moody’s KMV, will likely yield better results. 

However from our perspective we cannot know if the results they find will be better than the current 

methods for valuing IPOs. 

 

Based on the findings from our theoretical analysis and anecdotal case studies, we have not been able 

to provide a viable model for pricing equity as a function of debt. These results are not surprising given 

our simplistic models. What we have shown in this thesis, is that it is possible to use structural models 

to price equity, without using any new assumptions. We have created a framework for analyzing the 

relationship between equity and debt, and hope this will be of use for further research on this subject.  

10. For further research 

In our thesis we have faced two main challenges. One was the lack of data and one was the use of too 

simplistic models. For further research we recommend to use more advanced models, such as the 

Moody’s KMV. Comparing more advanced structural models to the current valuation methods, will 

make it possible to determine if pricing equity through debt can be a viable option in the future. We 

also recommend waiting for more data to be available. The problem with few observations is 

something we can hardly change. However we have observed a trend where most of our companies 

have gone public in 2014. If this trend continues, there might be enough data to research this subject in 

more depth. 
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Appendices 

Appendix 3.1: Mathematics behind Distance to Default (Ong, 1999) 

The default probability can be written as: 

𝑄 = 𝑃𝑟 𝑉! ≤ 𝐷𝑃𝑇!  

The risk-neutral probability is given as: 

𝑄 = 𝑃𝑟 𝑙𝑛𝑉! + 𝑟 − 0.5𝜎! 𝐻 + 𝜎 𝐻𝑍! ≤ 𝑙𝑛𝐷𝑃𝑇!  

= 𝑃𝑟 𝑍! ≤ −
𝑙𝑛 𝑉!/𝐷𝑃𝑇! + 𝑟 − 0.5𝜎! 𝐻

𝜎 𝐻
 

= 𝑁(−𝑑!) 

Where the expected return on all securities is equal the risk-free rate, r, and N(⋅) is the standard 

cumulative normal distribution and 

𝑑! =
𝑙𝑛 𝑉!/𝐷𝑃𝑇! + 𝑟 − 0.5𝜎! 𝐻

𝜎 𝐻
 

Appendix 3.2: Parameters in the Inverted Merton model 

 

 
 

 

Rf Risk-free interest rate of  a 10 
year government bond

F[V,tau] Market value of  debt

V Market value of  the firm's 
risky assets (firm value)

h1 Risk adjusting parameter

B Total amount of  the firm's 
notional debt

h2 Risk adjusting parameter

Vol Volatility of  the firm's assets

Tau Horizon (T-t) Theoretical 
Spread

Spread given by Merton

d Debt to firm value ratio Our Spread Our own calculated spread
Squared Error (theoretical spread-our spread)^2

f[V,tau] Market value of  equity

x1 Equivalent to d1 in Black-
Scholes

#Issued Shares Issued shares at the time 
of  the IPO

x2 Equivalent to d2 in Black-
Scholes

Share Price f[V,tau]/#Issued Shares

Parameters in the model
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Appendix 3.3: VBA function for solving NSS Spot-rate curve 

 

Sub solver_ptE() 

 

Dim ii As Integer, ss As String 

 

For ii = 1 To 1678 Step 1 

    ss = Format(ii, "0") 

    SolverOk SetCell:="$AS$" & ss, MaxMinVal:=2, ValueOf:="0", ByChange:="$AC$" & ss & 

":$AH$" & ss, Engine:=2, EngineDesc:="GRG Nonlinear" 

    SolverAdd CellRef:="$AC$" & ss, Relation:=1, FormulaText:=5000 

    SolverAdd CellRef:="$AC$" & ss, Relation:=3, FormulaText:=-5000 

    SolverAdd CellRef:="$AD$" & ss, Relation:=1, FormulaText:=5000 

    SolverAdd CellRef:="$AD$" & ss, Relation:=3, FormulaText:=-5000 

    SolverAdd CellRef:="$AE$" & ss, Relation:=1, FormulaText:=5000 

    SolverAdd CellRef:="$AE$" & ss, Relation:=3, FormulaText:=-5000 

    SolverAdd CellRef:="$AF$" & ss, Relation:=1, FormulaText:=5000 

    SolverAdd CellRef:="$AF$" & ss, Relation:=3, FormulaText:=-5000 

    SolverAdd CellRef:="$AG$" & ss, Relation:=1, FormulaText:=5000 

    SolverAdd CellRef:="$AG$" & ss, Relation:=3, FormulaText:=-5000 

    SolverAdd CellRef:="$AH$" & ss, Relation:=1, FormulaText:=5000 

    SolverAdd CellRef:="$AH$" & ss, Relation:=3, FormulaText:=-5000 

    SolverOptions Maxtime = 100, AssumeNonNeg = False, Iterations = 400, AssumeLinear = True 

    SolverSolve (True) 

    SolverReset 

Next ii 

 

 

End Sub 
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VBA function for finding NSS Spot-rate curve (material from Søren Ulrik Plesner) 

 

Function cashflow(Settlement As Date, Maturity As Date, Optional btype, Optional fst_rate, Optional 

ByVal prev_d, Optional ByVal next_d, Optional sub_rates, Optional n_marg, _ 

Optional cpy, Optional red_price, Optional cal_conv, Optional xd_date, Optional x_red, Optional 

is_imm, Optional cal_acc_only, Optional drate, _ 

Optional face_val, Optional fst_red, Optional last_red, Optional b_day_adj, Optional sat_non_bd, 

Optional sun_non_bd, Optional bus_day_con, _ 

Optional Adj_pmts, Optional eq_coup, Optional eom_con, Optional f_hol, Optional v_hol, Optional 

sp) 

Application.Volatile (False) 

'version 3.6 updated 20.11.97 by SUP 

 

'settlement = DateValue(settlement) 

'maturity = DateValue(maturity) 

Dim returntype As Integer 

If VarType(drate) = 1 Or VarType(drate) = 10 Then 

 returntype = 0 

 drate = 0 

Else: returntype = 1 

End If 

If VarType(btype) = 1 Or VarType(btype) = 10 Then btype = 0 

If VarType(cal_conv) = 1 Or VarType(cal_conv) = 10 Then cal_conv = 0 

If VarType(face_val) = 1 Or VarType(face_val) = 10 Then face_val = 100 

If VarType(fst_rate) = 1 Or VarType(fst_rate) = 10 Then fst_rate = 0 

fst_rate = fst_rate 'dirty trick to convert object=>variant! 

 

If btype = 0 Then 

        If Settlement >= Maturity Then 

            btype = 1 

            GoTo not_superstraight 

        End If 

     mats = superstraight(Settlement, Maturity, fst_rate, face_val) 
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     If returntype = 1 Then 

       Key = keyratios(mats, 100, drate, 0, fst_rate, 1, 0, 0) 

       cashflow = Key 

     Else 

       cashflow = mats 

     End If 

  Exit Function 

End If 

not_superstraight: 

If VarType(cpy) = 1 Or VarType(cpy) = 10 Then cpy = 1 

If cpy = 0 Then cpy = 1 

If VarType(sub_rates) = 1 Or VarType(sub_rates) = 10 Then sub_rates = fst_rate 

sub_rates = sub_rates 'dirty trick to convert object=>variant! 

If VarType(n_marg) = 1 Or VarType(n_marg) = 10 Then n_marg = 0 

If VarType(red_price) = 1 Or VarType(red_price) = 10 Then red_price = 100 

If VarType(xd_date) = 1 Or VarType(xd_date) = 10 Then xd_date = 0 

If VarType(x_red) = 1 Or VarType(x_red) = 10 Then x_red = 0 

If VarType(is_imm) = 1 Or VarType(is_imm) = 10 Then is_imm = False 

If VarType(cal_acc_only) = 1 Or VarType(cal_acc_only) = 10 Then 

    If btype = 5 Then cal_acc_only = False Else cal_acc_only = True 'Calendar Convention only 

relevant for accrued interest 

End If 

If VarType(xd_date) = 1 Or VarType(xd_date) = 10 Then xd_date = 0 

If VarType(b_day_adj) = 1 Or VarType(b_day_adj) = 10 Then b_day_adj = False 'no business day 

handling 

If VarType(sat_non_bd) = 1 Or VarType(sat_non_bd) = 10 Then sat_non_bd = True 'saturday is 

non-business day 

If VarType(sun_non_bd) = 1 Or VarType(sun_non_bd) = 10 Then sun_non_bd = True 'sunday is 

non-business day 

If VarType(f_hol) = 1 Or VarType(f_hol) = 10 Then f_hol = Array(0) 

If VarType(v_hol) = 1 Or VarType(v_hol) = 10 Then v_hol = Array(0) 

If VarType(bus_day_con) = 1 Or VarType(bus_day_con) = 10 Then bus_day_con = 0 

If VarType(Adj_pmts) = 1 Or VarType(Adj_pmts) = 10 Then Adj_pmts = True And b_day_adj 
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If VarType(eq_coup) = 1 Or VarType(eq_coup) = 10 Then eq_coup = False 

If VarType(eom_con) = 1 Or VarType(eom_con) = 10 Then eom_con = "same" 

If VarType(prev_d) = 1 Or VarType(prev_d) = 10 Then pcd = 0 Else pcd = prev_d 

If VarType(next_d) = 1 Or VarType(next_d) = 10 Then next_d = 0 'used to handle long first coupon 

period 

If next_d > 0 And next_d <= Settlement Then 

 next_d = 0 

 pcd = 0 

End If 

If pcd >= Settlement Then pcd = 0 

If next_d = 0 Then next_d = next_pay_date(Settlement, Maturity, cpy, is_imm, end_of_m, eom_con, 

cal_conv) 

If pcd = 0 Then pcd = previous_pay_date(Settlement, Maturity, cpy, is_imm, end_of_m, eom_con, 

cal_conv) 

ncols = 3 

If Adj_pmts Then 

    bunadjusted = 0 

    bxact = 1 

Else 

    bunadjusted = 1 

    bxact = 0 

End If 

Dim cal_con As Integer 

accrued_type = Int(cal_conv / 10) 

cal_con = Int(10 * (cal_conv / 10 - accrued_type)) 

maturity_date = Maturity 

end_of_m = iseom(maturity_date, cal_con) 

If is_imm Then maturity_date = addmonth(maturity_date, 0, is_imm, end_of_m, eom_con, cal_con) 

If is_imm Then pcd = addmonth(pcd, 0, is_imm, end_of_m, eom_con, cal_con) 

If VarType(sp) = 1 Or VarType(sp) = 10 Then sp = cpy 

theoretical_first = next_pay_date(Settlement, maturity_date, cpy, is_imm, end_of_m, eom_con, 

cal_con) 
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theoretical_first_sp = next_pay_date(Settlement, maturity_date, sp, is_imm, end_of_m, eom_con, 

cal_con) 

If theoretical_first = theoretical_first_sp And sp > cpy Then x = 1 Else x = 0 

n = (((Year(maturity_date) - Year(next_d)) + (Month(maturity_date) - Month(next_d)) / 12)) 

n = sp / cpy + sp * (((Year(maturity_date) - Year(next_d)) + (Month(maturity_date) - Month(next_d)) 

/ 12)) - x 

If Int(n) < n Then n = Int(n) + 1 

ReDim mat(1 To n + 1, 1 To ncols) 

mat(1, 1) = Settlement 

If maturity_date <= Settlement Or maturity_date < next_d Then 

    ReDim mat(1 To 1, 1 To ncols) 

    mat(1, 1) = 0 

    GoTo endcf ' exit if bond has matured 

End If 

second_pd = sp / cpy + 1 - x 

remdebt = face_val 

If face_val = 0 Then nom = 100 Else nom = face_val 

If theoretical_first < next_d Then mat(second_pd, 1) = next_d Else mat(second_pd, 1) = 

theoretical_first 

'mat(second_pd, 1) = Application.Max(theoretical_first, next_d) 'long first coupon? 

If VarType(fst_red) = 1 Or VarType(fst_red) = 10 Then fst_red = 0 

If fst_red = 0 Then fst_red = mat(second_pd, 1) 

If VarType(last_red) = 1 Or VarType(last_red) = 10 Then last_red = 0 

If last_red = 0 Then last_red = maturity_date 

nred = 1 + cpy * ((Year(last_red) - Year(fst_red)) + (Month(last_red) - Month(fst_red)) / 12) 

'check if XD 

xd = False 

If xd_date = 0 Or Settlement = pcd Then GoTo skipxd 'if xdate=0 then no xd 

If xd_date < 365 Then 

    xd = number_of_days(mat(second_pd, 1), Settlement, cal_con) <= xd_date    'xd is number of days 

before coupon date 

Else 

    xd = Settlement >= xd_date And xd_date > pcd 'xd is date 
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End If 

'*** 

skipxd: nbd = mat(second_pd, 1) 

nbd_unadjusted = nbd 

pcd_unadjusted = pcd 

nbd = business_day(nbd, b_day_adj, sat_non_bd, sun_non_bd, cal_con, bus_day_con, f_hol, v_hol) 

pcd = business_day(pcd, b_day_adj, sat_non_bd, sun_non_bd, cal_con, bus_day_con, f_hol, v_hol) 

nbd_active = nbd * bxact + nbd_unadjusted * bunadjusted 

pcd_active = pcd * bxact + pcd_unadjusted * bunadjusted 

old_nbd = nbd_active 

old_pcd = pcd_active 

'****************************************************' 

 '**** HANDLING OF FIRST PAYMENT: Accrued interest*** 

If xd Then d = nbd_active Else d = pcd_active 

If xd Then b = 0 Else b = 1 

firstrate = coupon_rate(fst_rate, mat(1, 1), Settlement, cal_con, pcd_active, nbd_active, cpy) 

mat(1, 3) = -coupon(Settlement, d, remdebt, firstrate, cal_con, pcd, nbd, cpy, , accrued_type) 

calcon_sub = cal_con 

If cal_acc_only Then calcon_sub = 0 'Subsequent payments are 30E/360 

mat(second_pd, 3) = b * coupon(nbd_active, pcd_active, remdebt, firstrate, calcon_sub, pcd_active, 

nbd_active, cpy, eq_coup) 

xrd = Settlement >= x_red And x_red > pcd 

If Not xrd Then 

    mat(second_pd, 2) = redemption(btype, nred, mat(second_pd, 1), maturity_date, red_price, firstrate 

+ n_marg, 100 * mat(second_pd, 3) / nom, fst_red, cpy) * face_val * 0.01 

    remdebt = remdebt - mat(second_pd, 2) 

Else: mat(second_pd, 2) = 0 

     nred = nred - 1 

End If 

pcd = nbd 

If n <= 1 Then GoTo endcf 

mon = 12 / cpy 

stepl = sp / cpy 
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third = second_pd + sp / cpy 

Dim i As Integer 

For i = third To n Step stepl 

    mat(i, 1) = addmonth(mat(i - stepl, 1), mon, is_imm, end_of_m, eom_con, cal_con) 

    nbd = mat(i, 1) 

    nbd = business_day(nbd, b_day_adj, sat_non_bd, sun_non_bd, calcon_sub, bus_day_con, f_hol, 

v_hol) 

    nbd_active = nbd * bxact + mat(i, 1) * bunadjusted 

    pcd_active = pcd * bxact + mat(i - stepl, 1) * bunadjusted 

    nextrate = coupon_rate(sub_rates, mat(i, 1), Settlement, calcon_sub, pcd_active, nbd_active, cpy) 

    mat(i, 3) = coupon(nbd_active, pcd_active, remdebt, nextrate + n_marg, calcon_sub, pcd_active, 

nbd_active, cpy, eq_coup) 

    mat(i, 2) = redemption(btype, nred, mat(i, 1), maturity_date, red_price, nextrate + n_marg, 100 * 

mat(i, 3) / nom, fst_red, cpy) * face_val * 0.01 

    remdebt = remdebt - mat(i, 2) 

    mat(i - stepl, 1) = pcd 

    pcd = nbd 

Next i 

    mat(i, 1) = addmonth(mat(i - stepl, 1), mon, is_imm, end_of_m, eom_con, calcon) 

    nbd = mat(i, 1) 

    nbd = business_day(nbd, b_day_adj, sat_non_bd, sun_non_bd, calcon_sub, bus_day_con, f_hol, 

v_hol) 

    nbd_active = nbd * bxact + mat(i, 1) * bunadjusted 

    pcd_active = pcd * bxact + mat(i - stepl, 1) * bunadjusted 

  nextrate = coupon_rate(sub_rates, mat(i, 1), Settlement, calcon_sub, pcd_active, nbd_active, cpy) 

    mat(i, 3) = coupon(nbd_active, pcd_active, remdebt, nextrate + n_marg, calcon_sub, pcd_active, 

nbd_active, cpy, eq_coup) 

    mat(i, 2) = remdebt * red_price * 0.01 

    mat(i, 1) = nbd 

    mat(i - stepl, 1) = pcd 

endcf: 

If returntype = 1 Then 
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        cashflow = keyratios(mat, red_price, drate, cal_con, firstrate, cpy, old_pcd, old_nbd, cal_acc_only, 

hor, btype = 5) 

Else 

       cashflow = mat 

End If 

End Function 

 

Function addmonth(startdate, number_months, is_imm, Optional end_of_m, Optional eom_con, 

Optional cal_con) 

Application.Volatile (False) 

If VarType(end_of_m) = 1 Or VarType(end_of_m) = 10 Then end_of_m = False 'if true perform end 

of month adjustment 

If VarType(eom_con) = 1 Or VarType(eom_con) = 10 Then eom_con = "same" 

If VarType(cal_con) = 1 Or VarType(cal_con) = 10 Then cal_con = 0 

m1 = Month(startdate) 

y1 = Year(startdate) 

d1 = Day(startdate) 

d2 = d1 

nmonths = number_months 

If is_imm Then 

    wd = Weekday(DateSerial(y1, m1, 1)) 

    addon = 4 - wd 

    If addon < 0 Then addon = addon + 7 

    immdate = 15 + addon 

    x = m1 Mod 3 

    immmonth = 0 = x 

    immmonth = immmonth And d1 < immdate And number_months > 0 

    immmonth = immmonth Or d1 > immdate And number_months < 0 

    If immmonth Then x = number_months 

    nmonths = (nmonths - x) 

End If 

    m2 = m1 + nmonths 

        If is_imm Then 
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            wd = Weekday(DateSerial(y1, m2, 1)) 

            addon = 4 - wd 

            If addon < 0 Then addon = addon + 7 

            d2 = 15 + addon 

        End If 

If 0 = y2 Mod 4 Then leapyear = 1 Else leapyear = 0 

If m2 <= 0 Then mm2 = m2 + 12 * Abs(Int(nmonths / 12)) Else mm2 = m2 

mm2 = mm2 Mod 12 

If mm2 = 2 Then d2 = Application.Min(d2, 28 + leapyear) 

If mm2 = 4 Or mm2 = 6 Or mm2 = 9 Or mm2 = 11 Then d2 = Application.Min(d2, 30) 

newdate = DateSerial(y1, m2, d2) 

If end_of_m And eom_con = "eom" And Not is_imm Then 

    addmonth = end_of_month_adjust(newdate, cal_con) 

Else 

    addmonth = newdate 

End If 

End Function 

 

Function end_of_month_adjust(d, cal_con) 

Application.Volatile (False) 

d1 = d 

If Not IsDate(d1) Then Exit Function 

l1: If iseom(d1, cal_con) Then GoTo out 

    d1 = d1 + 1 

    i = i + 1 

    If i > 30 Then GoTo out 'emergency break 

GoTo l1 

out: 

end_of_month_adjust = d1 

End Function 

 

Function redemption(btype, n, pd, maturity_date, red_price, CouponRate, coupon, fst_red, Optional 

cpy) 
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Application.Volatile (False) 

If btype = 1 Then GoTo bullet 

If btype = 2 Then GoTo serial 

If btype = 3 Then GoTo annuity 

'else bullet! 

bullet: 

        If pd = maturity_date Then redemption = 100 * 0.01 * red_price Else redemption = 0 

Exit Function 

serial: 

If pd >= fst_red Then 

    redemption = 0.01 * red_price * 100 / n 

Else 

    redemption = 0 

End If 

Exit Function 

annuity: 

If VarType(cpy) = 1 Or VarType(cpy) = 10 Then cpy = 1 

If pd >= fst_red Then 

    payment = (CouponRate / cpy) / (1 - (1 + (CouponRate / cpy) / 100) ^ (-n)) 

    redemption = 0.01 * red_price * (payment - coupon) 

Else 

    redemption = 0 

End If 

End Function 

 

Function coupon(d2, d1, remdebt, CouponRate, cal_con, Optional pcd, Optional ncd, Optional cpy, 

Optional eq_coup, Optional accrued_type) 

Application.Volatile (False) 

If VarType(pcd) = 1 Or VarType(pcd) = 10 Then pcd = 0 

If VarType(ncd) = 1 Or VarType(ncd) = 10 Then ncd = 0 

If VarType(cpy) = 1 Or VarType(cpy) = 10 Then cpy = 1 

If VarType(accrued_type) = 1 Or VarType(accrued_type) = 10 Then accrued_type = 0 

If VarType(eq_coup) = 1 Or VarType(eq_coup) = 10 Then eq_coup = False 
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If eq_coup Then 

    coupon = 0.01 * remdebt * CouponRate / cpy 

    Exit Function 

Else 

    dcf = day_count_fraction(d2, d1, cal_con, pcd, ncd, cpy) 

    If accrued_type = 0 Then 

        coupon = remdebt * CouponRate * dcf * 0.01 

    Else 

        coupon = remdebt * ((1 + 0.01 * CouponRate / accrued_type) ^ (accrued_type * dcf) - 1) 

    End If 

End If 

End Function 

 

Function day_count_fraction(d2, d1, cal_con, Optional ppd, Optional npd, Optional cpy) 

Application.Volatile (False) 

If d2 < 1000 Then           'Is already in (fractions of) year(s) 

    day_count_fraction = d2 

    Exit Function 

End If 

If cal_con = 0 Then GoTo l30360 

If cal_con = 1 Then GoTo l30360 

If cal_con = 2 Then GoTo lact360 

If cal_con = 3 Then GoTo lact365 

If cal_con = 4 Then GoTo lactact 

If cal_con = 5 Then GoTo lactact 'french domestic settlement - use trade date not settlement 

If cal_con = 6 Then GoTo italian 

Exit Function 

l30360: d = Application.Days360(d1, d2, cal_con = 0) 

day_count_fraction = d / 360 

Exit Function 

lact360: d = d2 - d1 

day_count_fraction = d / 360 

Exit Function 
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lact365: 

d = d2 - d1 

day_count_fraction = d / 365 

Exit Function 

lactact: 

If VarType(ppd) = 1 Or VarType(ppd) = 10 Then MsgBox "previous pay date missing" 

If VarType(npd) = 1 Or VarType(npd) = 10 Then MsgBox "next pay date missing" 

If VarType(cpy) = 1 Or VarType(cpy) = 10 Then MsgBox "coupons per year missing" 

d = d2 - d1 

day_count_fraction = d / ((npd - ppd) * cpy) 

Exit Function 

italian: 

 d = Application.Days360(d1, d2, True) + 1 

 day_count_fraction = d / 360 

End Function 

 

Function previous_pay_date(Settlement, maturity_date, cpy, is_imm, Optional end_of_m, Optional 

eom_con, Optional cal_con) 

Application.Volatile (False) 

If VarType(end_of_m) = 1 Or VarType(end_of_m) = 10 Then end_of_m = False 'if true perform end 

of month adjustment 

If VarType(eom_con) = 1 Or VarType(eom_con) = 10 Then eom_con = "same" 

If VarType(cal_con) = 1 Or VarType(cal_con) = 10 Then cal_con = 0 

npd = next_pay_date(Settlement, maturity_date, cpy, is_imm, end_of_m, eom_con, cal_con) 

previous_pay_date = addmonth(npd, -12 / cpy, is_imm, end_of_m, eom_con, cal_con) 

End Function 

 

Function next_pay_date(Settlement, maturity_date, cpy, is_imm, Optional end_of_m, Optional 

eom_con, Optional cal_con) 

Application.Volatile (False) 

If VarType(end_of_m) = 1 Or VarType(end_of_m) = 10 Then end_of_m = False 'if true perform end 

of month adjustment 

If VarType(eom_con) = 1 Or VarType(eom_con) = 10 Then eom_con = "same" 
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If VarType(cal_con) = 1 Or VarType(cal_con) = 10 Then cal_con = 0 

n = Application.Days360(Settlement, maturity_date, True) / 30 

n = Fix(n * cpy / 12) 

n = n * 12 / cpy 

next_pay_date = addmonth(maturity_date, -n, is_imm, end_of_m, eom_con, cal_con) 

If next_pay_date = Settlement Then 

    npd = addmonth(next_pay_date, 12 / cpy, is_imm, end_of_m, eom_con, cal_con) 

    next_pay_date = npd 

End If 

If Not is_imm Then Exit Function 

y = Year(next_pay_date) 

m = Month(next_pay_date) 

d = 1 

d = DateSerial(y, m, d) 

next_pay_date = addmonth(d, 0, True, end_of_m, eom_con, cal_con) 

End Function 

 

Function number_of_days(d2, d1, cal_con) 

Application.Volatile (False) 

If cal_con = 0 Then GoTo l30360 

If cal_con = 1 Then GoTo l30360 

If cal_con = 2 Then GoTo lact 

If cal_con = 3 Then GoTo lact 

If cal_con = 4 Then GoTo lact 

'all other = 30E/360 

l30360: d = Application.Days360(d1, d2, cal_con = 0) 

number_of_days = d 

Exit Function 

lact: d = d2 - d1 

number_of_days = d 

End Function 

 

Function add_days(d, n, cal_con) 
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Application.Volatile (False) 

If cal_con = 0 Then GoTo l30360 

If cal_con = 1 Then GoTo l30360 

If cal_con = 2 Then GoTo lact 

If cal_con = 3 Then GoTo lact 

If cal_con = 4 Then GoTo lact 

l30360: usmethod = cal_con = 1 

y = Year(d) 

m = Month(d) 

d1 = Day(d) 

b = d1 = 31 

If b Then x = 1 Else x = 0 

d1 = d1 - x 

yrs = Fix(n / 360) 

n = n - 360 * yrs 

mon = Fix(n / 30) 

n = n - 30 * mon 

nyd = d1 + n 

If nyd > 30 Then 

    mon = mon + 1 

    nyd = nyd - 30 

ElseIf nyd < 1 Then 

    mon = mon - 1 

    nyd = nyd + 30 

End If 

nym = m + mon 

If nym > 12 Then 

    yrs = yrs + 1 

    nym = nym - 12 

ElseIf nym < 1 Then 

    yrs = yrs - 1 

    nym = nym + 12 

End If 
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nyy = y + yrs 

m31 = nym = 1 Or nym = 3 Or nym = 5 Or nym = 7 Or nym = 8 Or nym = 10 Or nym = 12 

If m31 And b Then nyd = 31 

add_days = DateSerial(nyy, nym, nyd) 

Exit Function 

lact: add_days = d + n 

End Function 

 

Function business_day(pay_date, b_day_adj, sainbd, suinbd, cal_con, bus_day_con, f_hol, v_hol) 

Application.Volatile (False) 

'bus_day_con = 0 "Following" 

'bus_day_con = 1 "Modified Following" 

'bus_day_con = 2 "previous" 

'bus_day_con = 3 "Modified previous 

'bus_day_con = 4 "Nearest" 

'bus_day_con = 5 "nearest in month 

business_day = pay_date 

If Not b_day_adj Then Exit Function 

pd = pay_date 

m = Month(pd) 

pdold = pd 

day_step_following = 1 

day_step_previous = -1 

If bus_day_con = 0 Then GoTo Following 

If bus_day_con = 1 Then GoTo Modified_following 

If bus_day_con = 2 Then GoTo previous 

If bus_day_con = 3 Then GoTo Modified_previous 

If bus_day_con = 4 Or bus_day_con = 5 Then GoTo Nearest 

Following: 

    wd = Weekday(pd) 

    nonbd = wd = 7 And sainbd 

    nonbd = nonbd Or (wd = 1 And suinbd) 

        For Each d In f_hol 
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            temp = Month(pd) = Month(d) And Day(pd) = Day(d) 

            nonbd = nonbd Or temp 

            If nonbd Then Exit For 

        Next d 

        For Each d In v_hol 

          nonbd = nonbd Or pd = d 

            If nonbd Then Exit For 

        Next d 

    If Not nonbd Then GoTo out 

        pd = add_days(pd, 1, 2) 

    GoTo Following 

Modified_following: 

    wd = Weekday(pd) 

    nonbd = wd = 7 And sainbd 

    nonbd = nonbd Or (wd = 1 And suinbd) 

         For Each d In f_hol 

            temp = Month(pd) = Month(d) And Day(pd) = Day(d) 

            nonbd = nonbd Or temp 

            If nonbd Then Exit For 

        Next d 

        For Each d In v_hol 

            nonbd = nonbd Or pd = d 

            If nonbd Then Exit For 

        Next d 

    If Not nonbd Then GoTo out 

   pd = add_days(pd, day_step_following, 2) 

    If Month(pd) > m Then 

        day_step_following = -1 

        pd = add_days(pdold, day_step_following, 2) 

    End If 

   GoTo Modified_following 

previous: 

    wd = Weekday(pd) 
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    nonbd = wd = 7 And sainbd 

    nonbd = nonbd Or (wd = 1 And suinbd) 

        For Each d In f_hol 

            temp = Month(pd) = Month(d) And Day(pd) = Day(d) 

            nonbd = nonbd Or temp 

            If nonbd Then Exit For 

        Next d 

        For Each d In v_hol 

            nonbd = nonbd Or pd = d 

            If nonbd Then Exit For 

        Next d 

    If Not nonbd Then GoTo out 

   pd = add_days(pd, -1, 2) 

   GoTo previous 

Modified_previous: 

    wd = Weekday(pd) 

    nonbd = wd = 7 And sainbd 

    nonbd = nonbd Or (wd = 1 And suinbd) 

        For Each d In f_hol 

            temp = Month(pd) = Month(d) And Day(pd) = Day(d) 

            nonbd = nonbd Or temp 

            If nonbd Then Exit For 

        Next d 

        For Each d In v_hol 

            nonbd = nonbd Or pd = d 

            If nonbd Then Exit For 

        Next d 

    If Not nonbd Then GoTo out 

   pd = add_days(pd, day_step_previous, 2) 

    If Month(pd) < m Then 

        day_step_previous = 1 

        pd = add_days(pdold, day_step_previous, 2) 

    End If 
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   GoTo Modified_previous 

Nearest: 

forward: wd = Weekday(pd) 

    nonbd = wd = 7 And sainbd 

    nonbd = nonbd Or (wd = 1 And suinbd) 

        For Each d In f_hol 

            temp = Month(pd) = Month(d) And Day(pd) = Day(d) 

            nonbd = nonbd Or temp 

            If nonbd Then Exit For 

        Next d 

        For Each d In v_hol 

            nonbd = nonbd Or pd = d 

            If nonbd Then Exit For 

        Next d 

    If nonbd Then 

       pd = add_days(pd, 1, 2) 

       GoTo forward 

    End If 

    pdforward = pd 

    pd = pdold 

backward: wd = Weekday(pd) 

    nonbd = wd = 7 And sainbd 

    nonbd = nonbd Or (wd = 1 And suinbd) 

        For Each d In f_hol 

            temp = Month(pd) = Month(d) And Day(pd) = Day(d) 

            nonbd = nonbd Or temp 

        Next d 

        For Each d In v_hol 

            nonbd = nonbd Or pd = d 

        Next d 

    If nonbd Then 

       pd = add_days(pd, -1, 2) 

       GoTo backward 
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    End If 

        pdbackward = pd 

    nim = bus_day_con = 5 

        b = pdold - pdbackward 

        f = pdforward - pdold 

    If nim Then 

            b = b + 30 * (m - Month(pdbackward)) 

            f = f + 30 * (Month(pdforward) - m) 

        End If 

    If b < f Then pd = pdbackward Else pd = pdforward 

    GoTo out 

out: 

business_day = pd 

End Function 

 

Function iseom(d, cal_con) 

Application.Volatile (False) 

d1 = add_days(d, 1, cal_con) 

iseom = Month(d1) > Month(d) Or Year(d1) > Year(d) 

End Function 

 

Function coupon_rate(ByVal rates As Variant, sd, n, cal_con, ppd, npd, cpy) 

If IsArray(rates) Then GoTo l1 

    coupon_rate = rates 

    Exit Function 

l1: 

  If rates(1, 1) < 1000 Then 

        lvalue = day_count_fraction(n, sd, cal_con, ppd, npd, cpy) 

Else 

        lvalue = sd 

End If 

t = UBound(rates, 1) 

c = 0 
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If t = 0 Then GoTo out 

If rates(1, 1) = lvalue Then c = rates(1, 2) 

For j = 1 To t 

    If lvalue <= rates(j, 1) Then GoTo out 

    c = rates(j, 2) 

Next j 

out: coupon_rate = c 

End Function 

 

Function discount_function(dtype, p, d, d2, bp_pmt, yield, sd, firstpd, pd, calcon_first, 

calcon_following, ppd, npd, cpy, linear_in_broken) 

Application.Volatile (False) 

whole = day_count_fraction(pd, firstpd, calcon_following, ppd, npd, cpy) 

broken = day_count_fraction(firstpd, sd, calcon_first, ppd, npd, cpy) 

whole = whole * (dtype + 1) 'dtype=0 annual, dtype = 1 semi-annual 

broken = broken * (dtype + 1) 

whole = whole + Fix(broken) 

broken = broken - Fix(broken) 

y = yield / (1 + dtype) 'annual or semi? 

temp = bp_pmt / ((1 + y / 100) ^ whole) 

If linear_in_broken Then 

    temp = temp / (1 + broken * y / 100) 

Else 

    temp = temp / ((1 + y / 100) ^ broken) 

End If 

p = p + temp 

t = whole + broken 

d = d + temp * t 

d2 = d2 + (t ^ 2 + t) * temp 

discount_function = 0 

End Function 
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Function keyratios(mat, red_price, drate, cal_con, firstrate, cpy, ppd, npd, Optional cal_ac_only, 

Optional hor, Optional is_frn) 

Application.Volatile (False) 

Dim yieldcon As Integer 

If VarType(cal_ac_only) = 1 Or VarType(cal_ac_only) = 10 Then cal_ac_only = True 'only respect 

calendar convention in broken period 

ccon = cal_con 

If IsObject(mat) Then mat = mat 'dirty trick to convert object to variant 

n = UBound(mat, 1) 

ReDim keyvektor(0 To 27) As Double 

If IsObject(drate) Then drate = drate 

If VarType(is_frn) = 1 Or VarType(is_frn) = 10 Then is_frn = False 

If drate(1, 4) = 99 Then 'This is dirty! Temporary handling of reinvestments using dummy returntype 9 

    reinvrate = drate(1, 1) 

    yieldcon = drate(1, 2) 

    horizon = drate(1, 3) 

    keyratios = reinvest(horizon, reinvrate, yieldcon, mat) 

    Exit Function 

End If 

    If is_frn Then ' even dirtier: If FRN the the firts returntype is in pos 6 as pos 4 + 5 = FRN-rates 

        first_ret_type = 6 

        FRN_short = drate(1, 4) 

        FRN_long = drate(1, 5) 

    Else 

        first_ret_type = 4 

    End If 

    nrt = UBound(drate, 2) - (first_ret_type - 1) 'number of return types 

    Dim dvalue As Double 

    dvalue = drate(1, 1) 

    Dim dtype As Integer 

    dtype = drate(1, 2) 

    Dim linear_in_broken As Boolean 

    linear_in_broken = drate(1, 3) 
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    Dim ccon_first As Integer 

    ccon_first = ccon 

    Dim ccon_following As Integer 

If cal_ac_only Then ccon_following = 0 Else ccon_following = ccon_first 

If dtype <= 1 Then 

    yieldcon = dtype 

    temp = priceyield(keyvektor, dtype, yieldcon, dvalue, firstrate, mat, ccon_first, ccon_following, ppd, 

npd, cpy, linear_in_broken) 

ElseIf dtype = 2 Then 

 If ccon = 3 Then mmdays = 365 Else mmdays = 360 

 keyvektor(2) = dvalue 

If Not is_frn Then 

    dp = mmyield(2, dvalue, mat, firstrate, cpy, mmdays) 

Else 

    dp = effmargin(2, dvalue, mat, FRN_short, FRN_long, cpy, mmdays) 

End If 

    cp = dp + mat(1, 3) 

    keyvektor(7) = cp 

ElseIf dtype = 3 Then  'JGB yld 

    rl = day_count_fraction(mat(n, 1), mat(1, 1), ccon, ppd, npd, cpy) 'remaining life 

    cp = (firstrate * rl + red_price) / (1 + n * dvalue / 100) 

    keyvektor(3) = dvalue 

    keyvektor(7) = cp 

    pcheck = cp 

    yld = 100 * firstrate / (pcheck + mat(1, 3)) ' first guess 

ElseIf dtype = 4 Then 

    cp = 100 * firstrate / dvalue 

    keyvektor(4) = dvalue 

    keyvektor(7) = cp 

ElseIf dtype = 5 Then 

    p = 100 * firstrate / dvalue 

    keyvektor(4) = dvalue 

    keyvektor(7) = p + mat(1, 3) 
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ElseIf dtype = 6 Then 

    MsgBox "Driving type 6 not implemented" 

    Exit Function 

ElseIf dtype = 7 Then 

    cp = dvalue 

    keyvektor(7) = dvalue 

ElseIf dtype = 8 Then 

    p = dvalue 

    cp = p + mat(1, 3) 

    keyvektor(7) = cp 

Else 

    Exit Function 

End If 

lout:  '**** handling of returntypes 

keyvektor(8) = keyvektor(7) - mat(1, 3) 

ReDim vek(1 To nrt) 

cp = keyvektor(7) 

For i = 1 To nrt 

    vek(i) = 0 

    j = i + (first_ret_type - 1) 

    rt = drate(1, j) 

    If keyvektor(rt) <> 0 Then GoTo endloop 

    If rt <= 1 Then 

        yieldcon = rt 

        temp = priceyield(keyvektor, 7, yieldcon, cp, firstrate, mat, ccon_first, ccon_following, ppd, npd, 

cpy, linear_in_broken) 

    ElseIf rt = 2 Then 

        If ccon = 3 Then mmdays = 365 Else mmdays = 360 

        If Not is_frn Then 

            keyvektor(2) = mmyield(7, cp, mat, firstrate, cpy, mmdays) 

        Else 

            keyvektor(2) = effmargin(7, cp, mat, FRN_short, FRN_long, cpy, mmdays) 

        End If 
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    ElseIf rt = 3 Then  'JGB yld 

        rl = day_count_fraction(mat(n, 1), mat(1, 1), ccon, ppd, npd, cpy) 'remaining life 

        keyvektor(3) = 100 * (firstrate / cp + (red_price - cp) / (rl * cp)) 

    ElseIf rt = 4 Then  'current yield 

       keyvektor(4) = 100 * firstrate / cp 

    ElseIf rt = 5 Then  'funding yield 

        keyvektor(4) = 100 * firstrate / keyvektor(8) 

    ElseIf rt = 6 Then 

        MsgBox "Returntype 6 not implemented" 

        Exit Function 

    'clean price(7) and dirty price(8) have already been inputed or calculated 

    ElseIf rt >= 9 And rt <= 17 Then  'prices, duration etc. are calculated here 

        cp = keyvektor(7) 'driving type is cp 

        yieldcon = 0 

        If rt = 12 Or rt = 13 Or rt = 16 Or rt = 17 Then yieldcon = yieldcon + 1 

         

        temp = priceyield(keyvektor, 7, yieldcon, cp, firstrate, mat, ccon_first, ccon_following, ppd, npd, 

cpy, linear_in_broken) 

    End If 

endloop: vek(i) = keyvektor(rt) 

Next i 

keyratios = vek 

End Function 

 

Function reinvest(horizon, reinvrate, yieldcon, mat) 

Application.Volatile (False) 

n = UBound(mat, 1) 

cal_con = 0 'allways use 30e/360 to reinvest 

rir = reinvrate 

If yieldcon = 1 Then rir = 100 * ((1 + rir / 200) ^ 2 - 1) 

reinvest = 0 

For i = 2 To n 

If mat(i, 1) > horizon Then Exit Function 
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reinvest = reinvest + (mat(i, 2) + mat(i, 3)) * ((1 + rir * 0.01) ^ day_count_fraction(horizon, mat(i, 1), 

cal_con)) 

Next i 

End Function 

 

 

Function superstraight(sd, md, c, face_value) 

Application.Volatile (False) 

'only straight bonds, no xd, one coupon per year, rate not adjustable, 30E/360, red.price=100 

superstraight = 0 

If sd = md Then Exit Function 

rl = Application.Days360(sd, md, True) / 360 

whole = Fix(rl) 

Even = whole = rl 

If Even Then n = whole + 1 Else n = whole + 2 

ReDim mat(1 To n, 1 To 3) 

mat(1, 1) = sd 

If Not Even Then mat(1, 3) = -c * (1 - (rl - whole)) * face_value * 0.01 

y1 = Year(sd) 

mmd = Month(md) 

dmd = Day(md) 

If sd >= DateSerial(Year(sd), mmd, dmd) Then y1 = y1 + 1 

For i = 2 To n 

    mat(i, 1) = DateSerial(y1, mmd, dmd) 

    mat(i, 3) = c * face_value * 0.01 

    y1 = y1 + 1 

Next i 

mat(i - 1, 2) = face_value 

superstraight = mat 

End Function 

 

Function priceyield(keyvektor, dtype, yieldcon, dvalue, firstrate, mat, ccon_first, ccon_following, ppd, 

npd, cpy, linear_in_broken) 
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Application.Volatile (False) 

Dim mat_sd As Date 

Dim mat_npd As Date 

mat_sd = mat(1, 1): mat_npd = mat(2, 1) 

 

Delta = 0 

n = UBound(mat, 1) 

If dtype <= 1 Then 

    y = dvalue 

Else 

    pcheck = dvalue 

    If dtype = 7 Then pcheck = pcheck - mat(1, 3) 

    y = 100 * firstrate / (pcheck + mat(1, 3)) 'first guess for yield 

End If 

asa = yieldcon + 1 

If mat(1, 3) = 0 Then ccon_first = ccon_following 

Do 

    p = 0 

    d = 0 

    d2 = 0 

    y = y + Delta 

    ccon = cal_con 

    For i = 2 To n 

        bp_pmt = mat(i, 2) + mat(i, 3) 

        temp = discount_function(yieldcon, p, d, d2, bp_pmt, y, mat_sd, mat_npd, mat(i, 1), ccon_first, 

ccon_following, ppd, npd, cpy, linear_in_broken) 

    Next i 

    If p = 0 Then Exit Function 

    d = d / (p * (1 + yieldcon))          'duration 

    md = d / (1 + y * 0.01 / asa) 

    dd = md * p / 100 

    If dtype <= 1 Then Exit Do 

    diff = p - pcheck 
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    Delta = diff / dd 

    j = j + 1 

Loop Until Abs(diff) < 1e-05 Or j = 100   'j=100: emergency break 

    keyvektor(yieldcon) = y 

If dtype <= 1 Then 

    keyvektor(7) = p + mat(1, 3) 

    keyvektor(8) = p 

Else 

    keyvektor(7) = pcheck + mat(1, 3) 

    keyvektor(8) = pcheck 

End If 

    keyvektor(9) = d 

    keyvektor(10 + 2 * yieldcon) = md 

    keyvektor(11 + 2 * yieldcon) = dd 

    conv = d2 / (((1 + y * 0.01 / asa) ^ 2) * p * asa ^ 2) 'convexity 

    keyvektor(14 + 2 * yieldcon) = conv 

    keyvektor(15 + 2 * yieldcon) = p * conv * 0.0001 * 0.5 

   priceyield = 0 

End Function 

 

Function mmyield(dtype, dvalue, ByVal mat, firstrate, cpy, mmdays) 

Application.Volatile (False) 

If IsObject(mat) Then mat = mat 

n = UBound(mat, 1) 

firstpd = mat(2, 1) 

lastpd = mat(n, 1) 

sd = mat(1, 1) 

'whole = (Year(lastpd) - Year(firstpd)) * 12 + (Month(lastpd) - Month(firstpd)) 

'whole = cpy * whole / 12 

daysfirst = firstpd - sd 

Delta = 0 

If dtype = 2 Then 

    y = dvalue 
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Else 

    pcheck = dvalue 

    If dtype = 7 Then pcheck = pcheck - mat(1, 3) 'use dirty price 

    y = 100 * firstrate / (pcheck + mat(1, 3)) 'first guess for yield 

End If 

j = 0 

For i = 2 To n 

    mat(i, 1) = cpy * Application.Days360(firstpd, mat(i, 1), True) / 360 

Next i 

Do 

    y = y + Delta 

    p = 0 

    dd = 0 

    rate1 = 0.01 * y * 365.25 / mmdays 'abb 

    rate1 = ((1 + rate1) ^ (1 / cpy) - 1) 'decompounded 

    drate1 = 0.01 * (y + 0.01) * 365.25 / mmdays 

    drate1 = ((1 + drate1) ^ (1 / cpy) - 1) 

    rate2 = 0.01 * y * daysfirst / mmdays 

    drate2 = 0.01 * (y + 0.01) * daysfirst / mmdays 

          For i = 2 To n 

          c = mat(i, 3) 

            bp_pmt = c + mat(i, 2) 

            temp = bp_pmt / ((1 + rate1) ^ mat(i, 1) * (1 + rate2)) 

             p = p + temp 

            dd = dd + temp - bp_pmt / ((1 + drate1) ^ mat(i, 1) * (1 + drate2)) 

        Next i 

         If dtype = 2 Then Exit Do 

    diff = p - pcheck 

    Delta = diff / (100 * dd) 

    j = j + 1 

Loop Until Abs(diff) < 1e-06 Or j = 20    'j=20: emergency break 

If dtype = 2 Then mmyield = p Else mmyield = y 

End Function 
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Function effmargin(dtype, dvalue, mat, FRN_short_rate, FRN_long_rate, cpy, mmdays) 

Application.Volatile (False) 

If IsObject(mat) Then mat = mat 

n = UBound(mat, 1) 

firstpd = mat(2, 1) 

lastpd = mat(n, 1) 

sd = mat(1, 1) 

whole = (Year(lastpd) - Year(firstpd)) * 12 + (Month(lastpd) - Month(firstpd)) 

whole = cpy * whole / 12 

daysfirst = firstpd - sd 

Delta = 0 

If dtype = 2 Then 

    margin = dvalue 

Else 

    pcheck = dvalue 

    If dtype = 7 Then pcheck = pcheck - mat(1, 3) 'use dirty price 

    margin = 0 

End If 

j = 0 

Do 

    margin = margin + Delta 

    p = 0 

    dd = 0 

    rate1 = 0.01 * (FRN_long_rate + margin) * 365.25 / (mmdays * cpy) 

    drate1 = 0.01 * (FRN_long_rate + margin + 0.01) * 365.25 / (mmdays * cpy) 

    rate2 = 0.01 * (FRN_short_rate + margin) * daysfirst / mmdays 

    drate2 = 0.01 * (FRN_short_rate + margin + 0.01) * daysfirst / mmdays 

          For i = 2 To n 

          c = mat(i, 3) 

           bp_pmt = c + mat(i, 2) 

            

            temp = bp_pmt / ((1 + rate1) ^ (i - 2) * (1 + rate2)) 
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             p = p + temp 

            dd = dd + temp - bp_pmt / ((1 + drate1) ^ (i - 2) * (1 + drate2)) 

         Next i 

    If dtype = 2 Then Exit Do 

    diff = p - pcheck 

    Delta = diff / (100 * dd) 

    j = j + 1 

Loop Until Abs(diff) < 1e-06 Or j = 20    'j=100: emergency break 

If dtype = 2 Then effmargin = p Else effmargin = margin 

End Function 

 

Function ModelPriceNSS(Settlement As Date, Maturity As Date, CouponRate As Double, parameters) 

Dim mat, i As Integer, PresentValue As Double, df As Double, t As Double 

Dim B0 As Double, B1 As Double, B2 As Double, B3 As Double, Tau1 As Double, Tau2 As Double, 

SpotRate As Double 

mat = cashflow(Settlement, Maturity, 1, CouponRate) 

PresentValue = 0 

For i = 2 To UBound(mat) 

    t = (mat(i, 1) - mat(1, 1)) / 365 

    B0 = parameters(1, 1) 

    B1 = parameters(2, 1) 

    B2 = parameters(3, 1) 

    B3 = parameters(4, 1) 

    Tau1 = parameters(5, 1) 

    Tau2 = parameters(6, 1) 

    SpotRate = B0 + (B1 + B2) * (1 - Exp(-t / Tau1)) / (t / Tau1) - B2 * Exp(-t / Tau1) + B3 * (1 - 

Exp(-t / Tau2)) / (t / Tau2) - B3 * Exp(-t / Tau2) 

    df = Exp(-SpotRate * t) 

    PresentValue = PresentValue + (mat(i, 2) + mat(i, 3)) * df 

Next i 

ModelPriceNSS = PresentValue 

End Function 
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Function SpotRateNSS(Maturity As Double, parameters) 

    Dim i As Integer, parms 

    Dim B0 As Double, B1 As Double, B2 As Double, B3 As Double, Tau1 As Double, Tau2 As 

Double 

    parms = parameters 

     

B0 = parms(1, 1) 

B1 = parms(2, 1) 

B2 = parms(3, 1) 

B3 = parms(4, 1) 

Tau1 = parms(5, 1) 

Tau2 = parms(6, 1) 

'continuously compounded 

SpotRateNSS = B0 + (B1 + B2) * (1 - Exp(-Maturity / Tau1)) / (Maturity / Tau1) - B2 * Exp(-

Maturity / Tau1) + B3 * (1 - Exp(-Maturity / Tau2)) / (Maturity / Tau2) - B3 * Exp(-Maturity / Tau2) 

'ABB 

SpotRateNSS = (1 / Exp(-SpotRateNSS * Maturity)) ^ (1 / Maturity) - 1 

End Function 

Function DiscountFactor(Maturity As Double, parameters) 

    Dim i As Integer, parms 

    Dim a0 As Double, a1 As Double, a2 As Double, a3 As Double 

    parms = parameters 

    For i = 1 To UBound(parms, 2) 

        If parms(1, i) >= Maturity Then GoTo l1 

    Next i 

l1: 

a0 = parms(2, i) 

a1 = parms(3, i) 

a2 = parms(4, i) 

a3 = parms(5, i) 

DiscountFactor = a0 + a1 * Maturity + a2 * Maturity ^ 2 + a3 * Maturity ^ 3 

End Function 
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Appendix 4.1: Our calculated spreads compared to Bloomberg 

 

Aker Solutions 4.25 compared to Bloomberg 

 
 

Looking at our calculated OAS-spread to the bond relative to the spread to mid benchmark from 

Bloomberg, ours seems to be less volatile than the one from Bloomberg. One should also note that 

Bloomberg’s spread is at lower basis point levels than our own. One explanation behind this could be 

that we have taken into account that the bond is callable in our calculations. Regarding the movements 

in our OAS-spread, there are two outliers on the 21st of February 2014 and 23rd of May 2015, which is 

right after the x-coupon days of the bond. Normally it is the dirty price of the bond that should be 

affected of the x-coupon days and not the OAS-spread itself. Therefore these outliers is believed to be 

due to Bloomberg not updating the x-coupon dates when the day of the quarter change compared to 

previous quarter when converting the dirty prices to the clean prices available on Bloomberg. This is 

also indicated by seasonality in the Bloomberg spreads, where there are peaks just around ex-coupon 

days, as if it had not been adjusted for coupons in the spreads or the ex-coupon day was at a different 

day than what the input data in the model said it was. Other than that, our spread has nearly identical 

movements to the one from Bloomberg. 
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Akso 4.20 compared to Bloomberg 

 
 

Comparing our calculated  credit spread to the bond with the Bloomberg benchmark spread, we see 

that both has the same movements where Bloomberg seems more volatile than our own. Also here our 

spread are at higher levels than the one from Bloomberg.  

 

Bactiguard compared to Bloomberg 

 
 

By comparing our own calculated asset swap spread with the spread from Bloomberg, we see that both 

had much of the same movements.  
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Entra compared to Bloomberg 

  

  
 

 

Comparing the different asset swap spreads with the spread from Bloomberg, one can see many 

similarities. For example, Bloomberg had also observed the two outliers we got. The biggest difference 

between our own calculated spreads and Bloomberg’s spreads is that on some of the bonds, Bloomberg 

has slight higher or lower levels than our own spreads.  

 

Ocean Yield Compared to Bloomberg 
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Comparing our OAS-spread to the Bloomberg spread, we can clearly see that there is a big difference 

the 14th of March where the Bloomberg spread had a spike, while our OAS-spread remained somewhat 

stable. Looking at the interest rates and price of bonds we see nothing that would suggest that there 

should be a spike at that day. We further investigate the spike by looking at announcements during that 

day. We find no important announcements, or announcements on 14.03.2014. Lastly we look at 

coupon and dividend payments. There are no payments, ex-coupon or ex-dividend happening that day. 

Because of this we conclude that there must be a miscalculation from Bloomberg causing the spike. 

The other big difference is close to the bond’s call announcement, which might imply that Bloomberg 

changes the yield to compensate for time left on the bond and that they have changed their reference 

price before the bond gets called.  

 

Prime Living Compared to Bloomberg 

 
 

When calculating the asset swap spread of Prime Livings bond, we first took into account the fact that 

the bond is callable. In that case it is normal to use the worst-case scenario, hence that the bond gets 

called at a time where it is least optimal for credit holders and most optimal for equity holders. 

However when we graphed our results, we found that the spread was always negative. As this made 

very little sense, we graphed the bond assuming it was not callable. This yielded a very similar spread to 

the one from Bloomberg, which lead us believing that there was some assumption that the bond will 

not be called in Bloomberg.   
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Wilh Wilhelmsen Compared to Bloomberg 

 
 

For this bond we only have Bloomberg spread from 2012. Looking at the data we have available our 

ASW seems to be very close to the Bloomberg spread.  

 

Appendix 4.2: Argumentation for why we did not calculate dirty price for Bactiguard 

 

When we calculate the spreads with dirty price our estimated results looks distorted by coupon 

payments, in an inverse pattern to what you get if you use clean price to calculate spreads. This is a 

pattern we would expect if we had adjusted for the clean price two times, to elaborate on this we will 

first explain why and how we adjust the clean price. 

 

When we use clean price to calculate credit spreads, when graphed this gives us upwards slopes 

followed by sharp down falls when coupons are paid. To deal with this we add the accrued interest to 

the clean price to make it “dirty”. This counteracts the seasonality from coupon payments and makes 

the credit spread graph smooth. For Bactiguard, the credit spread looked smooth before we started to 

adjust for dirty price, after adjusting we ended up with an inverse spread pattern. We used the same 

formulas for every single bond and this was the only bond that exhibited this pattern. Therefore it 

stands to reason that the strange pattern is not caused by a calculation error, but rather that the price 

from Bloomberg was the dirty price. There might be other reasons for this, but this is we believe to be 

most reasonable.  
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Appendix 5.1: VBA code for Chow and output ADF-test 

 

Statistics 

When creating the statistics analysis we did more than was shown in our thesis and we also created 

ARCH and GARCH models, however they were cut from our final thesis. But because of this we 

included ARCH and GARCH tests when running our codes. This was the code we used. 

 

The code we used to conduct our Chow test 

Proc autoreg Data=WORK.STAT_ENTRA1; 

 

 Model LNret = / nlag= 1  

 All ARCHTEST garch= (q=1, p=1) CHOW=140;; 

 Output out=outdata cev=cev r=resid; 

RUN; QUIT; 

 

Here is the output from the Augmented Dickey Fuller tests.  

 

Aker Solutions 

Augmented Dickey-Fuller Unit Root Tests 

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F 

Zero Mean 0 -378.648 0.0001 -20.56 <.0001     

4	  

5	  

6	  

7	  

8	  
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Augmented Dickey-Fuller Unit Root Tests 

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F 

  1 -380.172 0.0001 -20.55 <.0001     

  2 -389.797 0.0001 -20.50 <.0001     

Single Mean 0 -378.697 0.0001 -20.53 <.0001 158.67 0.0010 

  1 -380.219 0.0001 -20.52 <.0001 52.31 0.0010 

  2 -389.835 0.0001 -20.47 <.0001 20.37 0.0010 

Trend 0 -380.199 0.0001 -20.59 <.0001 158.74 0.0010 

  1 -381.677 0.0001 -20.58 <.0001 52.45 0.0010 

  2 -390.787 0.0001 -20.53 <.0001 20.50 0.0010 

 

Bactiguard 

Augmented Dickey-Fuller Unit Root Tests 

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F 

Zero Mean 0 -259.198 0.0001 -15.42 <.0001     

  1 -219.398 0.0001 -7.65 <.0001     

  2 -197.766 0.0001 -5.70 <.0001     

Single Mean 0 -259.476 0.0001 -15.41 <.0001 118.67 0.0010 

  1 -219.062 0.0001 -7.63 <.0001 29.31 0.0010 

  2 -196.683 0.0001 -5.68 <.0001 16.37 0.0010 

Trend 0 -259.934 0.0001 -15.41 <.0001 118.74 0.0010 

  1 -217.196 0.0001 -7.60 <.0001 29.45 0.0010 

  2 -191.907 0.0001 -5.61 <.0001 16.50 0.0010 

 

 

Entra 

Augmented Dickey-Fuller Unit Root Tests 

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F 

Zero Mean 0 -1586.60 0.0001 -43.50 <.0001     

  1 -1691.88 0.0001 -29.08 <.0001     

  2 -2028.36 0.0001 -24.13 <.0001     

Single Mean 0 -1586.60 0.0001 -43.48 <.0001 945.47 0.0010 

  1 -1691.91 0.0001 -29.07 <.0001 422.40 0.0010 
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Augmented Dickey-Fuller Unit Root Tests 

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F 

  2 -2028.46 0.0001 -24.12 <.0001 290.84 0.0010 

Trend 0 -1586.65 0.0001 -43.47 <.0001 944.82 0.0010 

  1 -1692.03 0.0001 -29.06 <.0001 422.11 0.0010 

  2 -2028.66 0.0001 -24.11 <.0001 290.64 0.0010 

 

ISS 

Augmented Dickey-Fuller Unit Root Tests 

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F 

Zero Mean 0 -2071.98 0.0001 -72.49 <.0001     

  1 -5823.71 0.0001 -53.62 <.0001     

  2 8015.552 0.9999 -43.24 <.0001     

Single Mean 0 -2071.99 0.0001 -72.46 <.0001 2625.06 0.0010 

  1 -5824.42 0.0001 -53.60 <.0001 1436.26 0.0010 

  2 8012.648 0.9999 -43.23 <.0001 934.32 0.0010 

Trend 0 -2072.04 0.0001 -72.43 <.0001 2623.21 0.0010 

  1 -5827.40 0.0001 -53.58 <.0001 1435.55 0.0010 

  2 8000.454 0.9999 -43.22 <.0001 933.99 0.0010 

 

Ocean Yield 

Augmented Dickey-Fuller Unit Root Tests 

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F 

Zero Mean 0 -51.5822 <.0001 -8.32 <.0001     

  1 -153.280 0.0001 -4.13 0.0001     

  2 -12.8704 0.0086 -1.46 0.1309     

Single Mean 0 -51.6192 0.0003 -8.23 0.0002 33.86 0.0010 

  1 -162.406 0.0001 -3.99 0.0036 8.31 0.0010 

  2 -14.0305 0.0321 -1.51 0.5159 1.16 0.7789 

Trend 0 -53.2873 <.0001 -8.53 <.0001 36.41 0.0010 

  1 -137.765 0.0001 -3.87 0.0240 8.69 0.0110 

  2 -14.5968 0.1355 -1.51 0.8075 1.15 0.9417 
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Prime Living 

Augmented Dickey-Fuller Unit Root Tests 

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F 

Zero Mean 0 -328.957 0.0001 -18.06 <.0001     

  1 -418.213 0.0001 -14.41 <.0001     

  2 -509.993 0.0001 -11.92 <.0001     

  3 -478.061 0.0001 -9.80 <.0001     

Single Mean 0 -331.735 0.0001 -18.19 <.0001 165.36 0.0010 

  1 -429.735 0.0001 -14.58 <.0001 106.29 0.0010 

  2 -547.400 0.0001 -12.13 <.0001 73.59 0.0010 

  3 -544.430 0.0001 -10.02 <.0001 50.22 0.0010 

Trend 0 -331.938 0.0001 -18.17 <.0001 165.14 0.0010 

  1 -430.763 0.0001 -14.58 <.0001 106.26 0.0010 

  2 -550.925 0.0001 -12.14 <.0001 73.65 0.0010 

  3 -550.256 0.0001 -10.03 <.0001 50.27 0.0010 

 

Wilh. Wilhelmsen 

Augmented Dickey-Fuller Unit Root Tests 

Type Lags Rho Pr < Rho Tau Pr < Tau F Pr > F 

Zero Mean 0 -305.634 0.0001 -16.57 <.0001     

  1 -296.518 0.0001 -12.13 <.0001     

  2 -205.612 0.0001 -8.83 <.0001     

Single Mean 0 -307.315 0.0001 -16.64 <.0001 138.37 0.0010 

  1 -300.687 0.0001 -12.20 <.0001 74.40 0.0010 

  2 -210.347 0.0001 -8.90 <.0001 39.59 0.0010 

Trend 0 -307.316 0.0001 -16.61 <.0001 137.97 0.0010 

  1 -300.687 0.0001 -12.18 <.0001 74.18 0.0010 

  2 -210.351 0.0001 -8.88 <.0001 39.47 0.0010 
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Appendix 5.2: Bactiguard original histogram 

 

 
 

Appendix 6.1: Share price and inverse credit spread from our sample 

Bactiguard 
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Entra 
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Ocean Yield 
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Wilh. Wilhelmsen 

 
Appendix 6.2: Regression output for OBX20, OMXS30 & OMXC20 

 

The results of our regression using credit spread from Bloomberg, Net debt / EV and Unlevered Beta 

 

Danish Stocks 
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Spread Beta Net*debt*/*EV
CARLB*DC*Equity 114,177 0,4511 0,33830577
DANSKE*DC*Equity 23,652 0,1095 0,868786951
DSV*DC*Equity 201,6325 0,3673 0,149577234
ISS*DC*Equity 140,263 0,1528 0,276983886
JYSK*DC*Equity 22,397 0,203 0,675628263
MAERSKA*DC*Equity 156,385 0,7108 0,027283135
MAERSKB*DC*Equity 156,385 0,7361 0,027283135
NDA*DC*Equity 65,672 0,0917 0,392254293
TRYG*DC*Equity 288,863 0,457 0,032440029
VWS*DC*Equity 170,874 1,3889 K0,0285964

R^2 0,75051665
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Norwegian Stocks 

 
 

Spread Net)debt)/)EV Beta
AKSO)NO)Equity 330,39 0,20050018 0,8
DNB)NO)Equity 209,458 0,77179373 0,1979
FOE)NO)Equity 332,406 0,22861838 0,6516
MHG)NO)Equity 20,345 0,19077056 0,5927
NAS)NO)Equity 244,698 0,52860308 0,2425
NHY)NO)Equity 71,362 G0,0049671 0,7102
ORK)NO)Equity 65 0,12952668 0,521
REC)NO)Equity 1119,966 0,02613856 1,9067
SCHA)NO)Equity 128,414 0,03129062 0,9148
SDRL)NO)Equity 831,461 0,2364374 0,7501
STB)NO)Equity 411,621 0,61900297 0,6056
STL)NO)Equity 55,974 0,11172142 1,1277
SUBC)NO)Equity 547,241 0,00685443 1,1882
TEL)NO)Equity 34,286 0,17268 0,5718
YAR)NO)Equity 138,81 0,05021114 0,7147

R^2 0,597203
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Swedish Stocks 

 
 

 

Appendix 6.3: Share Price and inverse Credit Spread OBX20 

 

Fred. Olsen Energy 

 
 

Spread Net)debt)/)Asset)value Beta
VOLVB)SS)Equity 65,57 0,5231 0,806863424
TLSN)SS)Equity 37,451 0,5017 0,633394864
ABB)SS)Equity 45,138 0,7517 0,75336707
ALFA)SS)Equity 83,266 0,5284 0,667168089
ASSAB)SS)Equity 45,185 0,6322 0,698890813
ATCOA)SS)Equity 59,032 0,7672 0,797615149
ATCOB)SS)Equity 59,032 0,8401 0,873405222
AZN)SS)Equity 87,429 0,4298 0,432589165
BOL)SS)Equity 239,324 1,021 1,264190886
ELUXB)SS)Equity 62,162 0,5571 0,59112375
ERICB)SS)Equity 50,834 0,8617 0,724431149
GETIB)SS)Equity 264,444 0,5569 0,758361565
INVEB)SS)Equity 51,504 1,0289 1,185925578
MTGB)SS)Equity 90,3 0,8982 0,919100897
NDA)SS)Equity 38,594 0,1454 0,231194888
NOKISEK)SS)Equity 179,767 1,37856 1,346947427
SAND)SS)Equity 90,997 0,4646 0,584015163
SCAB)SS)Equity 78,455 0,4896 0,601102761
SEBA)SS)Equity 36,525 0,1562 0,53990028
SECUB)SS)Equity 86,71 0,4755 0,62673947
SHBA)SS)Equity 32,113 0,1007 0,434141659
SKAB)SS)Equity 75,011 0,7174 0,738343693
SKFB)SS)Equity 97,724 0,5644 0,739786357
SWEDA)SS)Equity 44,512 0,1408 0,587566233
TEL2B)SS)Equity 49,593 0,5301 0,643140225

R^2 0,645309
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Frontline  

 
 

Marine Harvest 
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Statoil 
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Telenor 

 
 

Appendix 7.1: Sensitivity analysis output 
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Bactiguard 

 
 

 
 

ISS 

 
 

 
 

SEK 559#392#911 590#470#295 621#547#679 652#625#063 683#702#447
28,60#% 159#281#277 168#130#229 176#983#806 185#828#145 194#677#104
27,30#% 144#034#018 152#033#478 160#035#220 168#038#018 176#039#032
26,00#% 129#610#028 136#810#605 144#011#138 151#211#694 158#412#254
24,70#% 115#989#488 122#433#255 128#876#993 135#320#835 141#767#004
23,40#% 103#145#604 108#876#015 114#606#240 120#336#548 126#066#849

Market#value#of#Equity
Debt#level

As
se
t#V

ol
at
ili
ty

SEK 559#392#911 590#470#295 621#547#679 652#625#063 683#702#447
28,60#% 4,78 5,05 5,31 5,58 5,85
27,30#% 4,33 4,57 4,81 5,05 5,29
26,00#% 3,89 4,11 4,32 4,54 4,76
24,70#% 3,48 3,68 3,87 4,06 4,26
23,40#% 3,10 3,27 3,44 3,61 3,79As

se
t)V

ol
at
ili
ty

Share)price
Debt)level

DK 20#385#900#000 21#518#450#000 22#651#000#000 23#783#550#000 24#916#100#000
19,80#% 12#933#164#877 13#651#683#946 14#370#200#607 15#088#692#895 15#807#201#517
18,90#% 11#828#335#291 12#485#456#069 13#142#603#111 13#799#731#635 14#456#862#150
18,00#% 10#783#324#460 11#382#389#912 11"981"480"338 12#580#536#235 13#179#615#295
17,10#% 9#795#189#017 10#339#366#696 10#883#544#218 11#427#730#012 11#971#897#628
16,20#% 8#861#231#277 9#353#510#981 9#845#814#555 10#338#091#043 10#830#381#364

Debt"level
Market"value"of"Equity

As
se
t"V

ol
at
ili
ty

DK 20#385#900#000 21#518#450#000 22#651#000#000 23#783#550#000 24#916#100#000
19,80#% 69,65 73,51 77,38 81,25 85,12
18,90#% 63,70 67,23 70,77 74,31 77,85
18,00#% 58,07 61,29 64,52 67,75 70,97
17,10#% 52,75 55,68 58,61 61,54 64,47
16,20#% 47,72 50,37 53,02 55,67 58,32As

se
t*V

ol
at
ili
ty

Share*Price
Debt*level
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Ocean Yield 

 
 

 
 

Prime Living 

 

 
 

 

NOK 4"863"833"558 5"134"046"534 5"404"259"509 5"674"472"484 5"944"685"460
13,20"% 177"299"833 187"149"651 196"999"633 206"849"625 216"699"890
12,60"% 153"980"841 162"535"662 171"089"586 179"644"099 188"198"605
12,00"% 132"285"572 139"634"526 146$983$709 154"332"939 161"682"121
11,40"% 112"224"994 118"459"538 124"694"234 130"929"005 137"163"675
10,80"% 93"812"524 99"024"281 104"236"068 109"448"096 114"659"679

Market$value$of$Equity
Debt$level

As
se
t$V

ol
at
ili
ty

NOK 4"863"833"558 5"134"046"534 5"404"259"509 5"674"472"484 5"944"685"460
13,20"% 1,32 1,39 1,46 1,54 1,61
12,60"% 1,14 1,21 1,27 1,33 1,40
12,00"% 0,98 1,04 1,09 1,15 1,20
11,40"% 0,83 0,88 0,93 0,97 1,02
10,80"% 0,70 0,74 0,77 0,81 0,85As

se
t)V

ol
at
ili
ty

Debt)level
Share)Price

SEK 292#001#739 308#224#058 324#446#377 340#668#696 356#891#015
13,20#% 87#126#653 91#966#491 96#806#814 101#649#051 106#487#498
12,60#% 80#729#829 85#215#129 89#700#076 94#185#208 98#669#796
12,00#% 74#547#262 78#688#474 82#830#179 86#971#853 91#112#966
11,40#% 68#574#286 72#383#966 76#193#922 80#009#157 83#813#307
10,80#% 62#808#978 66#298#677 69#787#817 73#277#150 76#766#558

Market#value#of#Equity
Debt#level

As
se
t#V

ol
at
ili
ty

SEK 292#001#739 308#224#058 324#446#377 340#668#696 356#891#015
13,20#% 67,02 70,74 74,47 78,19 81,91
12,60#% 62,10 65,55 69,00 72,45 75,90
12,00#% 57,34 60,53 63,72 66,90 70,09
11,40#% 52,75 55,68 58,61 61,55 64,47
10,80#% 48,31 51,00 53,68 56,37 59,05As

se
t*V

ol
at
ili
ty

Share*Price
Debt*level
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Wilh Wilhelmsen 

 

 
 

 
 

 

 

 

 

 

NOK 8"785"231"018 9"273"299"408 9"761"367"798 10"249"436"188 10"737"504"578
19,80"% 1"105"222"068 1"166"596"832 1"227"996"483 1"289"396"346 1"350"796"200
18,90"% 984"566"195 1"039"264"329 1"093"962"500 1"148"660"662 1"203"359"069
18,00"% 871"103"895 919"501"446 967$900$695 1"016"287"884 1"064"682"808
17,10"% 764"678"109 807"184"605 849"642"652 892"124"451 934"606"623
16,20"% 665"182"685 702"142"757 739"091"841 776"066"216 813"001"026

Market$value$of$Equity
Debt$level

As
se
t$V

ol
at
ili
ty

NOK 8"785"231"018 9"273"299"408 9"761"367"798 10"249"436"188 10"737"504"578
19,80"% 5,02 5,30 5,58 5,86 6,14
18,90"% 4,48 4,72 4,97 5,22 5,47
18,00"% 3,96 4,18 4,40 4,62 4,84
17,10"% 3,48 3,67 3,86 4,06 4,25
16,20"% 3,02 3,19 3,36 3,53 3,70

Debt(level
Share(Price

As
se
t(V

ol
at
ili
ty


