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Abstract 
Structured products are investment vehicles that combine basic financial instruments to 
provide private investors with packaged solutions to more advanced investment strategies 
on financial markets.   
 
This paper investigates the pricing of 22 index-linked notes examined during their full 
life cycles between January 12, 2005 and January 17, 2007.  The selected products 
constitute some 40% of the structured products issued by Swedbank in 2005, which at the 
time of the study is the second largest issuer of structured products to private investors in 
Sweden.  Quoted prices on secondary markets are compared with duplication strategies 
using exchange traded options in order to calculate price differences. 
 
The pricing results show that quoted prices deviate very little from their theoretical 
values in secondary markets.  The price deviations are surprisingly low in an international 
comparison.  Some indications have been found that the market maker is able to 
influence prices on secondary market by orienting the pricing towards the relative life 
cycle and moneyness of the structured products.   
 
The importance of patterns in price deviations can, however, be questioned since the 
absolute level of pricing errors is low. There is little evidence to suspect that the issuer, 
Swedbank, systematically quotes prices that are not in line with their theoretical values.  
Sophisticated investors are thus likely to be able to judge the attractiveness of the 
structured product issue by comparing the transaction costs of the instruments in a 
duplication strategy with the transaction costs of the structured product.  The author 
welcomes further research that includes multiple issuers to determine whether these 
findings apply for the Swedish market as a whole.  
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1 Introduction 

1.1 Background 
Structured products offer investment strategies that private investors may not be able to 
pursue due to high transaction costs and lack of knowledge.  Issuing institutions can in 
many cases effectively offer these products to the public through their economies of 
scale, however, there is no doubt that the institutions want to be compensated for their 
work through the pricing of the instruments.  
 
In most cases there is a secondary market for these structured products.  The issuing 
institution typically acts as market maker for its own products although there is no formal 
obligation for the institution to do so.  Since the issuer is the only market maker for the 
particular instrument one would be able to question whether the issuing institutions are 
giving private investors fair quotes on the market since transparency and competition are 
limited. 
 
Issuing institutions have received some criticism in Swedish media the last couple of 
years for not giving adequate information about the product, especially with respect to 
hidden fees.  For the investor it is crucial to be able to judge appropriateness of the 
pricing of these products.  To that end, it is of interest to investigate the pricing behavior 
of structured products on secondary markets in Sweden.  
 

1.2 Purpose 
The purpose of this thesis is to determine whether structured products issued by 
Swedbank are fairly priced on secondary markets.  
 

1.3 Delimitations 
Structured products that fulfill the below three criterias are considered in the analysis.   

 Structured products that are issued in 2005 
 OMXs30 is the underlying index 
 An analytical closed form solution exists to value the product 



 

 5

 

1.4 Methodology 
The study encompasses 22 structured products examined during their full life cycles 
between January 12, 2005 and January 17, 2007.  The selected products constitute some 
40% of the structured products issued by Swedbank in 2005 that were offered to private 
investors.  Quoted prices on secondary markets are compared with duplication strategies 
using exchange traded index options. Various statistical measures are employed to 
determine the pricing behavior of the products. Pricing with respect to the relative life 
cycle and moneyness of the implicit option is studied to determine the pricing power of 
the market maker. The results are compared with corresponding research on international 
markets. 



 

 6

 

2 What are Structured Products? 

2.1 Introduction  
Structured products include all financial products issued to the public by financial 
institutions that combine at least two financial investments.  They are usually composed 
of identifiable building blocks. The debt component of the product is the equivalent of a 
bond, and the equity component is the equivalent of a long-term option. The option or 
options included in the note offer a customized payoff to the investor spanning from 
portfolio insurance to enhanced yields (Braddok, 1997). 
 
One form of classification involves dividing up the products into those with principal 
protection and those without.  The products that have a principal protection typically 
guarantee the repayment of a pre-determined percentage of the nominal and at the same 
time allow investors to participate in the growth of the underlying instrument.  Products 
without principal protection let the investor realize enhanced returns without 
guaranteeing that the capital outlay will be reimbursed.  
 
Further, products can be subdivided on the basis of specific characteristics such as 
without coupon payments, products with coupon payments and products with exotic 
features.  Products without coupon payments let the investor buy the embedded bond at a 
discount.  Typically, the excess from purchasing the bond at discount is used to buy the 
embedded option.  For products with coupon payments, instead of the discount, a coupon 
is paid out for the amount of the compounded discount.  Nevertheless, these products are 
the same economically speaking.  Products with exotic features exist in many different 
forms.  Adding barrier or Asian options to the product rather that a plain vanilla option 
are common ways of customizing the payoff for the investor.  Products with Asian 
features can be seen as further developments of the first two categories (Grunbichler et 
al, 2003). 
 

2.2 History 
Structured financial products became widely used in the U.S. during the 1980s and were 
introduced in Europe in the mid 1990s during years of low interest rates.  The zero-
coupon bond that typically is the base of a structured product issue was first introduced in 
the United States by J.C. Penney Company, Inc. in 1981 and in 1991 it came to the 
Swedish market. Svensk Exportkredit was the first issuer of structured products in 1991 
through their product ABB Aros, which was linked to a number of foreign indexes.  
Other institutions that issued structured products in the early days of the product’s 
development in Sweden were Fondkommission, Capinova and Sparbankernas Bank that 
offered notes linked to the OMX-index.  
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2.3 Market developments 
There has been a strong global growth of structured products for the past two decades.  
Many observers of the structured products market explain that its recent growth is due to 
the low interest rates worldwide, and the difficulty for private investors to access non-
traditional markets such as commodities.  Structured products offer features that 
traditional investments cannot, such as providing principal protection, diversification and 
customized payoffs (Troyanovski, 2005).  Observers also point out that private investors 
are still wary of the large drops in the stock market of 2000-2003 and that banks are 
aggressively marketing these products to the public due to their high profit margin 
(Aktieobligationer.se, 2007).  
 
In Sweden, the nominal value of outstanding structured products in 2005 was 89 billion 
SEK, an increase of 33.4% from the previous year as illustrated in Figure 1.  The 
estimated market value is 110 billion SEK. The nominal value of structured products 
issued in 2005 was 42 billion SEK, an increase of 7.5% since 2004.   
 

Outstanding Value of Equity-Linked Notes (SEK)
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Figure 1: Outstanding Volume of Retail Structured Products (SEK) in Sweden (Data: VPC) 
 
Swedish indexes are the most commonly used in note issues followed by European, 
World and Asian indexes as shown in Table 1. 
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Index Share 2005  
Sweden  30.3 
Europe  21.8 
World 10.6 
Asia  7.6 
Japan  6.9 
China  6.7 
Nordic countries 4.9 
Eastern Europé  2.6 
Other* 8.7 

 
Table 1: Index Used in Structured Products (Data: Handelsbanken Capital Markets) 
 
 
When structured products were first introduced to high net-worth individuals in the early 
90s the value proposition was focused on innovation, access to capital markets and 
potential for enhanced performance.  Since then, the structured products market has one 
through major changes.  The number of private investors using them has increased 
significantly and wider range of standardized products has been introduced.  Pre-sale 
advice, liquidity on the secondary market and after-sale support are nowadays crucial in 
attracting investors to note issues (Mendelsohn et al, 2005). 
 
Table 2 shows that the market for structured products in Sweden is dominated by a few 
large institutions. The four large Nordic banks, SEB, Handelsbanken, Nordea and 
Swedbank constitute roughly two thirds of the market.  Although a lot of smaller players 
have come in to the market, the larger institutions are consolidating their market share.  
The smaller players often cooperate with other institutions or marketers in order sell their 
products (Aktieobligationer.se). 
 
Issuing institution Market share 2005 Market share 2004 Change
Handelsbanken 24.30% 20.70% 3.60%
Swedbank 21.70% 17.50% 4.20%
Kommunalinvest 12.90% 17.00% -4.10%
SEB 12.80% 8.50% 4.30%
Nordea 7.80% 9.50% -1.70%
Svensk Exportkredit 6.70% 6.60% 0.10%
Other* 10.70% 20.30% -9.60%

* Credit Suisse, Bear Sterns, Société Génerale, Deutsche Bank, Commerzbank, Danske Bank, UBS, Dresdner Bank, Dexia, JP 
Morgan, Kaupthing, Nordax Finans 
 
Table 2: Major Issuers of Retail Structured Products in Sweden (Data: VPC) 
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3 Research to Date 
Although structured products emerged in the US market back in 1987, comparatively 
little interest was paid to them in the literature.  Grunbichler and Wohlwend point out that 
there have only been a handful of investigations in the US concerning their valuation, all 
of which go back to the time when such products were first launched (Grunbichler et al, 
2003). 
 
Chen and Kensinger (1990) investigate Market Index Certificates of Deposit (MICD) that 
offer a guaranteed minimum interest rate and a variable interest rate tied to the growth of 
the S&P 500. Their sample includes 18 of these products in January 1988 and 25 in 
January 1989 issued by Chase Manhattan and Murray Savings.  By comparing the 
implied volatility of the S&P 500 option with the implied volatility of the embedded 
MICDs, the authors reveal significant positive and negative differences between 
theoretical and market values.  Chen and Kensinger find inconsistencies in the pricing 
among issuers as well as among MICDs of different maturities and different types offered 
by the same issuer (Wilkens et al, 2000). 
 
Chen and Sears analyze the "S&P 500 Index Note" (SPIN) issued by Salomon Brothers.  
The SPIN is a four-year, 2% coupon bond which at maturity pays its holder: (i) the 
principal amount and accrued interest (ii) the excess of the S&P 500 index value over the 
initial value of the index times a predetermined multiplier.  In essence, it is a combination 
of a low coupon bond plus a long-term plain-vanilla call option on the S&P 500 index.  
Chen and Sears analyze differences between market and theoretical prices (using ex-post, 
average implied and long-term implied volatilities) over three sub periods in product’s 
lifecycle spanning from September 1986 to December 1987.  They find overpricing in the 
first sub period of approximately 5 % whereas in the second and third sub periods, the 
product was underpriced.  Chen and Sears suggest that the market was going through a 
learning process in pricing this new and unique type of security (Chen & Sears, 1990). 
 
Chen and Chen study the valuation on secondary markets for a structured product without 
principal protection, offering investors relatively high interest payments in exchange for a 
cap on the underlying stock's growth.  The authors find persistent evidence that the 
product is overvalued at some 5 percent (Grunbichler et al, 2003). 
 
More recent work has been carried out on European markets by Wilkens, Erner and 
Röder that examine 906 structured products linked to the German stock indexes DAX 
and NEMAX (high-tech segment) during 22 trading days.  The authors examine two 
different types of structured products: reverse convertibles and discount certificates.  
 
Reverse convertibles have a fixed nominal value as well as a coupon that typically 
exceeds the market interest rate for corresponding bonds.  At maturity the investor can 
choose either to redeem the bond’s nominal value or delivery of a pre-determined number 
of shares.  Discount certificates are similar to reverse convertibles.  A discount certificate 
offers shares at a discount from the current market value.  Shares are physically delivered 
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to the owner of the certificate at maturity, unless the total value is below a maximum 
repayment amount.  
 
When comparing market prices with their theoretical values, Wilkens, Erner and Röder 
find significant pricing bias in favor of the issuing institutions.  The authors also analyze 
the driving factors of the issuers’ pricing policies.  They find strong evidence for their 
formulated hypothesis that issuers orient their pricing towards the product lifetime and 
the risk of redemption of shares (given by the moneyness of the option).  Their research 
shows that average mispricing decreases with time to maturity and increases with 
moneyness of the implicit option (Wilkens et al, 2000). 
 
Three important studies have been conducted for the Swiss market.  First, Wasserfallen 
and Schenk study the pricing of thirteen structured products with principal protection 
listed on the Swiss Market Index (SMI) between 1991 and 1992.  The number of trading 
days examined span from 21 to 80 for each product. Their results show that structured 
products tend to be overvalued at first issue, while they lean to be undervalued in the 
secondary market.  They find no systematic difference between model prices based on 
historical and implied volatilities.  Finding the range of error below 10% for all 
instruments and the root mean square error above 3% only in two cases, they conclude 
the products are fairly priced (Wasserfallen et al, 1996). 
 
Burth, Kraus and Wohlwend investigate the pricing of 275 structured products without 
principal protection in the primary market.  This study was the first of its kind to discuss 
the pricing of concave products.  Products with a concave payoff function can be seen as 
a position in the underlying asset in combination with a short position in a call option on 
the same asset.  The authors find that price differences are on average 1.91% in favor for 
the issuing institution (significant at all conventional levels of confidence).  The authors 
also observe differences in the pricing depending on issuing institutions and the product 
category.  Structured products with a coupon payment were substantially more mispriced 
than those without a coupon.   
 
They also indicate that co-lead managers play an important role in the primary market for 
structured products in Switzerland.  Co-lead managers are smaller banks that do not 
manage the products on their own.  They look for the best deal they can get from a major 
player in order to issue the product jointly.  The study shows that structures that are co-
led are significantly better priced and show a smaller dispersion of pricing error (Burth et 
al, 2001). 
 
Grunbichler and Wohlwend discuss the valuation of 192 structured products without 
capital guarantee in the most recent study to date.  By comparing the implied volatilities 
of the options embedded in the structured product with those of comparable EUREX 
options, the authors find misvaluation of 4.25% in the primary market and 1.65% in the 
secondary market to the investor’s disadvantage.  Finally, by grouping structured 
products according to their relative lifetime and by examining their mean volatility 
differences, the study also shows that the misvaluation to the investors disadvantage 
declines significantly during the lifetime of the product (Grunbichler et al, 2003). 
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4 Problem Description  
Structured products offer investment strategies (that private investors may not be able to 
pursue due to high transaction costs and lack of knowledge.  Issuing institutions can in 
many cases effectively offer these products to the public through their economies of 
scale, however, there is no doubt that the institutions want to be compensated for their 
work through the pricing of the instruments. There is a common rule of thumb that says 
that the more complex the instruments are, the higher margins the issuing institution will 
charge the investor.  
 
In most cases there is a secondary market for these structured products.  The issuing bank 
typically acts as market maker for its own products although there is no formal obligation 
for the issuing institution to do so.  Since the issuing bank is the only market maker for 
the particular instrument one would be able to question whether the issuing institutions 
are giving private investors fair quotes on the market since transparency and competition 
are limited. 
 
This paper will statistically evaluate the pricing behavior of structured products on the 
secondary markets in Sweden and particularly for Swedbank’s products. It will try to 
answer how well the pricing of structured products compare to their theoretical values. 
This question leads to a few sub-problems. What would be an appropriate pricing model 
for these structured products? What parameters should be used? How can mispricing be 
measured?  
 
If any, what might be the driving forces behind mispricing? Are there any differences in 
pricing over the life cycle of the product? Are there any differences in pricing in terms of 
moneyness of the option? How well do results from previous research in other countries 
apply to the Swedish market? 
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5 Theoretical Frame of Reference 
The theoretical background for this study will be presented in this chapter.  First, general 
concepts of bond and option valuation theory will be given.  Then, the statistical tools to 
evaluate the data set are presented in order to determine the statistical significance in the 
research.  
 

5.1 Valuation of Structured Products 
Structured products are valued as the combination of their building blocks.  Structures 
typically involve combinations of bonds and different types of options.  Consequently, 
the price of the structured product can be written as the sum of the bond and the option 
value as given in Equation 1. 
 
Equation 1 
 
Structured Product = Bond + Option 
 

5.2 Valuation of Bonds 
The bond portion of the structured product can be estimated using the standard bond 
valuation model where future cashflows are discounted back to today’s date as given in 
Equation 2. 
 
Equation 2 

n

n

t t

t

r
N

r
C

BondValue
+

+
+

= ∑
= 111

 

 
Ct: Coupon payment at time t 
N: Nominal value  
rt: Annual default-adjusted yield to maturity 
 
Zero-coupon bonds do not pay periodic interest payments, Ct.  The holder is entitled to 
receive the payment at maturity; instead, they are purchased at deep discount from their 
nominal value.  The value of a zero-coupon bond is thus the nominal value discounted to 
today’s date. 
 
Bond prices are related to the probability of default by the bond issuer.  The relative 
quality of most traded bonds can be judged by bond ratings given by Moody’s and 
Standard and Poor’s.  Bonds rated Baa or above are referred to as investment-grade 
bonds. (Brealy et al, 2000) 
 
To value a bond using the appropriate default-adjusted interest rate, one can use bond 
indexes, which are calculated from discrete credit spreads in the market.  Often a 
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surcharge to the risk-free interest rate, typically a Treasury bill rate, is adequate to obtain 
an accurate approximation.  
 

5.3 Valuation of Options 
There are a number of pricing models available to value options.  The Black Scholes 
pricing model is indisputably the most popular model in use today.  The reasons behind it 
are that it is simple, easy to implement due to its analytical closed-form solution and that 
it provides good estimates of an option’s worth under normal circumstances.  There are 
also a number of numerical procedures that have a large following such as binomial trees, 
Monte Carlo simulation and finite difference methods.  These methods are very useful 
when no analytical solution is available.  Numerical procedures also allow for more 
flexibility such as valuing options with complex payoffs and more exact handling of 
parameters.  Therefore, in many circumstances they can produce more accurate results for 
a wider range of option types (Katz et al, 2005).   
 

5.3.1 The Black Scholes Model 
The Black Scholes model, developed by Fischer Black, Myron Scholes and Robert 
Merton, presented a groundbreaking new way of valuing options when it was introduced 
in 1973.  The model has had a tremendous influence on the way practitioners price and 
hedge options as well as spurred the growth of financial engineering.   
 
Equation 3 illustrates the analytical closed-form solutions to calculate the price of a 
European call and put option on a non-dividend paying stock, developed by Black and 
Scholes. 
 
Equation 3 
 

)]()([ 21 dNKedNSc rt
o

−−=  
 

)]()([ 12 dNSdNKep o
rt −−−= −  

 

T
TrKSd

σ
σ )5.0()/ln( 2

0
1

++
=  

Tdd σ−= 12  
 
S = Current value of the OMX index 
 
K = Exercise price 
 
r = Risk-free rate 
 
σ = Standard deviation of the percentage change in the stock price 

 



 

 14

The function N(x) is the cumulative probability distribution function for a standardized 
normal distribution (Hull, 2003). 
 
The following assumptions are used to derive the Black Scholes pricing model: 
 

1. The price of the underlying instrument St follows a geometric Brownian motion 
with constant drift μ and volatility σ. 

2. It is possible to short sell the underlying stock. 
3. There are no transaction costs or taxes. All securities are perfectly divisible. 
4. There are no dividends during the life of the derivative. 
5. There are no riskless arbitrage opportunities. 
6. Security trading are continuous. 
7. The risk-free rate of interest, r, is constant and the same for all maturities. 

 
As can be seen in this chapter, a number of variations of the Black Scholes pricing model 
have been developed to handle violations of assumption such as dividends, stochastic 
volatility and interest rate in order to use the model in practice.   
 

5.3.2 Index Options and Dividends 
In valuing index options the Black Scholes model can be modified to treat the index as a 
security paying a known continuous dividend yield.  
 
Equation 4 shows that by substituting S0 with S0e-qT in the Black Scholes formula the 
price of a European option can be calculated given that the dividend yield q is known.  
 
 
Equation 4 Black-Scholes formula for an Index Option 
 

)]()([ 21 dNKedNSc rt
o

−−=  
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σ
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0
1
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S = Current value of the OMX index 
 
K = Exercise price 
 
r = Risk-free rate 
 
σ = Standard deviation of the percentage change in index 
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If the absolute amount of the dividend that will be paid out on the stocks underlying 
index is assumed to be known rather than the dividend yield, the basic Black Scholes 
formula can be used with the initial stock price being reduced by the present value of the 
dividends (Hull, 2003). 
 
Dividend adjustment procedures with the Black and Scholes model can have a significant 
impact upon the calculated option value, as shown in empirical studies by Brenner, 
Courtadon and Subrahmanyam (1987).  The discrete approach is the preferred procedure 
since it discounts the dividends as they actually are paid.  The continuous approach, 
assumes that dividends are spread out at a continuous rate over the period.  It requires 
less information on specific stock dividends in the index and empirical studies show that 
it yields a very good approximation for European index options that include a large 
number of securities (Brenner et al, 1987). 
 
One should note that the term dividend should be regarded as the reduction of share price 
on the ex-dividend date as a result of the dividends.  The stock price may go down less 
than the actual cash amount caused by tax effects. (Hull, 2003) 
 

5.3.3 Binary Options 
Binary options are options with where there are two possible outcomes.  One main type 
of binary option is the cash-or nothing option.  The cash-or nothing put for example pays 
off nothing if the asset ends up above the strike price at time T and pays a fixed amount 
Q, if it ends up below the strike price.  There is an analytical closed form solution 
available for this type of binary option.  Risk-neutral valuation yields that the probability 
of the asset price being below the strike price at maturity is N(d2), following the same 
notation as in Equation 3 (found in 5.3.1).  The binary put can thus be valued as shown in 
Equation 5.  Equation 6 denotes the value of a binary call (Hull, 2003). 
 
Equation 5 Valuation of Cash-or nothing Binary Put 
 

)( 2dNQep rT −= −  
 
Equation 6 Valuation of Cash-or nothing Binary Call 
 

)( 2dNQec rT−=  
 

5.3.4 Interest Rate 
As explained in Hull (2003), the Black Scholes pricing model can handle stochastic 
interest rates by assuming that r is equal to the zero-coupon risk-free interest rate for a 
maturity of T.  This is theoretically correct providing the stock price at time T is 
lognormal and the volatility parameter is chosen appropriately (Hull, 2003). 
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5.3.5 Volatility 
The volatility is defined as the standard deviation of the return provided by underlying 
asset in one year when the return is expressed using continuous compounding.  
 
In order to obtain an estimate of the historical volatility the stock is observed at fixed 
intervals of time (e.g., every day, week or month).  As expressed in Equation 7, for each 
time period, the natural logarithm ratio of the stock price at the end of the time period to 
the stock price at the beginning of the time period is calculated.  
 
Define: 
n+1: Number of observations 
Si: Underlying asset price at end of the ith (i = 0, 1, …, n) interval 

:τ  Length of time interval in years 
 
Equation 7 
 

⎟⎟
⎠

⎞
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⎝

⎛
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i

i
i S

Su  for (i = 1, 2, … , n) 

 
The standard deviation, s, of the ui’s is given by Equation 8 or Equation 9.  
 
Equation 8 
 

∑
=

−
−

=
n

i
i uu

n
s

1

2)(
1

1  

 
Equation 9 
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Equation 10 shows that the volatility is estimated as the standard deviation divided by the 
square root of the length of the time period in years.  Typically, days when the exchanges 
are closed are not considered in measuring this time period.  
 
Equation 10 
 

τ
σ s
=ˆ  

 
Hull (2003) discusses the fact that choosing an appropriate value of n for estimating the 
historical volatility is not easy.  More data generally lead to more accuracy, but σ  does 
change over time and data that are too old may not be relevant for predicting the future.  
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Hull suggests that using closing prices from daily data over the most recent 90 to 180 
days seems to work reasonably well empirically.  An often-used rule of thumb is to set n 
equal to the number of days to which volatility is to be applied (Hull, 2003). 
 

5.3.6 Implicit Volatility and Volatility Smiles 
When valuing options practically the assumption of constant volatility is in many cases 
insufficient.  In practice, traders usually work with implied volatilities.  These are the 
volatilities implied by option prices observed in the market.  Implied volatility is the 
value of σ that, when substituted in Equation 3 gives the Black Scholes value of an 
option equal to the option’s market value.  
 
A volatility smile is a pattern that often can be observed when illustrating the implied 
volatility of an option as a function of its strike price in a graph.  If the assumptions of the 
Black-Scholes model were correct, especially the assumption of constant volatility, then 
the volatility smile would not appear; all options on the index should have the same 
implied volatility and one should see a horizontal line.  Instead, the market’s implied 
volatilities for index options have shown a negative relationship between implied 
volatilities and strike prices; out-of-the-money puts trade at higher implied volatilities 
than out-of-the-money calls.  Figure 2 shows this behavior for European-style options on 
the S&P 500, as of January 31, 1994.  The dotten line is the represents the constant 
volatility that would prevail if the Black Scholes model were correct in the real world.  
The data for strikes above (below) spot comes from call (put) prices (Derman et al, 
1994). 
 
Form and shapes of the volatility smile varies depending on the underlying asset.  In the 
equity options market, the volatility smile is often negatively skewed, also called 
“volatility smirk”, whereas in the currency option market the smile is more balanced.  
 

Implied Volatilities of S&P 500 Options
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Figure 2: Example of Volatility Smirk 
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Hull suggests that one explanation for the smile in equity options concerns leverage.  As 
a company’s equity decline in value, the company’s leverage increase.  As a result the 
volatility of its equity increases making even lower stock prices more likely.  As a 
company’s equity increases in value, leverage decreases.  As a result the volatility of its 
equity declines, making higher stock prices likely.  His argument shows that one can 
expect the volatility of its equity to be a decreasing function of price.  
 
A curious fact is that the pattern for equities has existed only since the stock market crash 
of October 1987.  It was first noticed in the academia by Mark Rubinstein.  He suggests 
that one reason for the pattern may be “crashophobia”.  In other words, markets are 
attempting to price in the possibility of catastrophic risk.  Rubenstein has some empirical 
support for these effects; whenever the market declines, there is a tendency for the skew 
to increase (Hull, 2003) 
 

5.4 Statistical measures and tests 
This section will discuss the statistical tools that will be used to evaluate the data set and 
to determine the statistical significance in the research.  
 

5.4.1 t-test 
Assuming a normal distribution for the two populations, the significance of price 
deviations can be evaluated using t-tests.  The hypothesis H0: μ = 0 can be tested as 
indicated in Equation 11 with (n-1) degrees of freedom.  If the standard deviation of the 
population is unknown the standard deviation of the sample, ŝ, can be used (Aczel, 1996).  
 
Equation 11 
 

ns
Xt

/ˆ
μ−

=  

 

5.4.2 Wilcoxon Signed Rank Test 
If the distribution of the population is unknown, or in case that normal distribution cannot 
be assumed, the statistical significance is typically tested using a non-parametric test.  
The Wilcoxon signed rank test ranks the price deviations and calculates the W- statistic 
according to Equation 12 (Gibbons, 1985).   
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Equation 12 
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5.4.3 Root Mean Squared Error 
The root mean square error is a frequently-used measure of the difference between 
observed values and values predicted by a model.  A low RSME indicates that the 
observed value is comparatively in line with the predicted value and vice versa.  The 
benefit from using this measure compared to average price differences is that positive 
deviations do not compensate for negative ones.  The Root Mean Squared Error can be 
calculated as denoted in Equation 13 (Burth et al, 2001). 
 
Equation 13 
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5.4.4 Regression Analysis 
Regression analysis is a statistical tool for estimating quantitative relationships between 
variables.  In the linear regression model, the dependent variable is assumed to be a linear 
function of one or more independent variables plus an error introduced to account for all 
other factors: 
 
Equation 14 
 

iikkii uxxY +++= ββ ...11  
 
In the regression model shown in Equation 14, Yi is the dependent variable, xi1, ...., xik are 
the independent or explanatory variables, and ui is the residual or error term.  The 
objective is to obtain estimates of the unknown parameters β1, ..., βk which indicate how 
changes in the independent variables affect the dependent variable (Sykes, 2000). 
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The following assumptions have to be fulfilled in order to guarantee that regression 
model is valid.  

 The residuals ui have an expected value of zero: E(ui) = 0.  This means that on 
average the errors balance out.  

 The residuals ui are homoscedastic.  The residuals have constant variance: V(ui) = 
σ2 

 The residuals are not autocorrelated:  Cov(ui, uj) = 0 where i ≠ j 
 The residuals are independent of the observed values: Cov(Xi, ui) = 0 
 Ut is normally distributed, ui ~ N(0, σ2) 

(Ramanathan, 1998) 

The ordinary least squares method (OLS) is typically used to estimate the regression 
coefficients. Let b1, ..., bk denote the OLS estimates of β1, ..., βk. The predicted value of 
Yi is:  
 
Equation 15 
 

ikkii xbxbY ++= ...ˆ
11  

 
The error in the OLS prediction of Yi, or the residual, is:  
 
Equation 16 
 

iii YYu ˆ−=  
 
The 1β , ..., kβ  are chosen that minimize the sum of squared residuals:  
 
Equation 17 
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The statistical significance is tested with the t-distribution (n - k – 1 degrees of freedom, 
where k is the number of independent explanatory variables) by calculating the standard 
error for each coefficient:  
 
Equation 18 
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If the level of confidence is chosen to be 1-c the two sided confidence interval is: 
 
Equation 19 
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Alternatively the t-measure can be evaluated as follows: 
 
Equation 20 
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R2 indicates how well the relationship between the variables is explained in the 
regression model.  
 
Equation 21 
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More variables in a regression model automatically results in a higher R2. To compensate 
for this effect the adjusted R2 diminishes if a variable that is not significant is added  
 
Equation 22 
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One can test whether there is a significant correlation between the explained variable and 
the group of explanatory variables using the F-distributed measure below (n-k degrees of 
freedom).  
 
Equation 23 
 

)1(
)(

)1( 2

2

−
−

−
=

k
kn

R
RF  

 
The null hypothesis R2 = 0 is rejected if the measure exceeds the critical value according 
to the F-distribution (Ramanathan, 1998). 
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5.4.5 Testing the Underlying Assumptions of the Regression Model 
The regression model is invalid if some of the underlying assumptions are violated.  
Below are some of the challenges that might arise when applying the regression model to 
a larger data set.  
 
Heteroskedasticity occurs when the variance of the residuals are not constant.  The 
significance of the coefficients is positively biased since standard errors appear smaller 
that they in fact are.  Heteroskedasticity can be evaluated by plotting OLS residuals 
against the predicted values of Y.  If residuals are evenly distributed around the mean, the 
sample is believed to be homoscedastic.  Should the plot display for e.g. increasing 
residuals it is advisable to statistically evaluate the heteroskedasticity with test such as 
Goldfeld-Quants, Whites and Breusch-Pagan test.  Heteroskedasticity can sometimes be 
cured by dropping some outliers or applying transformations such as the log 
transformation. 

Multicollinearity arises when two independent variables are closely correlated, creating a 
situation in which their effects are difficult to separate.  The multicollinearity problem 
does not result in biased coefficient estimates, but does increase the standard error of the 
estimates and thus reduces the degree of confidence that one can place in them.  
Multicollinearity is identified by high correlation between the explanatory variables. The 
R2 values tend to be high in relation to the t-values of the regression coefficients.  
Multicollinearity can be solved by removing one of the explanatory variables that 
displays correlation.  This however could bias estimates of the regression coefficients.  
The number of observations can also be increased to reduce multicollinearity.  Pricipal 
Components and Ridge regression have proven to be successful however its use has been 
subject to different opinions among researchers.  

Autocorrelation appears when the residuals Cov(ui, uj) ≠ 0.  It leads to bias in standard 
errors and R2 values, which therefore make the F and t-tests invalid.  One method of 
testing autocorrelation is the Durbin-Watson test. 
 
The null hypothesis H0: ρ = 0 is tested against H1: ρ > 0  
The test statistic is: 
 
Equation 24 
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To test for positive autocorrelation at significance α, the test statistic d is compared to 
lower and upper critical values dL,α and dU,α.  H0 is rejected if d < dL.  If dL < d < dU the 
test is inconclusive.  The critical values, dL,α and dU,α, vary by level of significance α, the 
number of samples, and the number of predictors in the fitted regression relation 
(Ramanathan, 1998). 
 

5.5 Influence of Life Cycle and Moneyness of the Option 
Wilkens, Erner and Röder have found evidence that issuers orient their pricing towards 
the product lifetime and the incorporated risk of redemption given by the moneyness of 
the implicit options.  They have formulated an econometric model, shown in Equation 25 
that has proven significant for the German market (Wilkens et al, 2000). 
 
Equation 25: Wilkens, Erner and Röder’s Econometric model 
 

iiiii dcMbLaV ε+Ψ+++=Δ  
 
ΔVi = Average price deviation 

Li  = Products’ relative lifetimes 
Mi  = Moneyness of the implicit option 
Ψi  = Quote spreads 

 
The authors argue that the relative life cycle of the product bears a close relation to the 
order flow.  At issuance, only sales can occur from the issuer’s point of view.  It is 
unlikely that investors will resell the products immediately after their issue.  The issuer 
can thus at a time immediately after their structured product issue set prices higher than 
their fair value without running the risk of increasing their exposure.  
 
As maturity approaches the issuing institution will sell fewer products since the issuance 
volume is limited and products with only a short time to maturity are demanded less often 
than those with more of their initial lifetime remaining.  In addition, product repurchases 
will increase, as investors prefer to offset their positions, because of changes in 
expectations concerning the underlying.  In this situation, the issuer can profit by setting 
prices for the structured products that are lower than the fair value 
 
Moneyness of the implicit option might also be driving the pricing pattern since it 
determines the product’s current risk of redemption.  Investors are more likely to sell 
their structured products when it is in-the-money in order to realize capital gains.  They 
would typically not sell the product when it is out-of-the money, especially if the product 
includes a capital guarantee at maturity.  The issuer is thus able to benefit by setting 
prices higher than the fair value in cases where the moneyness of the implicit option is 
low and set the prices lower than the fair value when moneyness is higher.  
 
Besides the absolute level of mid-quotes, bid-ask spreads serve as another pricing 
parameter for the issuer.  If large surcharges, given by σΔ > 0, are not possible for the 
issuers (e.g. in the case of numerous expected repurchases), they could widen the spreads 
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as alternative sources of earnings.  The spread is defined by iΨ = (Ask quote – Bid 
quote)/(Mid quote) (Wilkens et al, 2000).  
 



 

 25

6 Problem Analysis  
In this chapter, the methodology and data set will be described.  The pricing models and 
statistical tests, presented in the previous chapter will be applied in order to answer the 
questions raised in the problem description.  The underlying assumptions and the 
appropriateness of pricing models will also be discussed. 
 

6.1 Instruments 
This study aims to evaluate the pricing of Swedbank’s structured products. A complete 
set of quotes for products issued in 2005 have been made available by Swedbank for 
empirical study.   
 
Only contracts that are linked to the OMXs30 index are considered in the analysis, which 
consists of the 30 largest capitalized shares at the Stockholm Stock Exchange.  The 
choice of underlying can be justified since, by far, the most structured products are 
written on the OMXs30 in Sweden.  Moreover, OMXs30 futures are actively traded on 
the OMX exchange, which enables issuers to hedge at low costs and is, therefore, 
assumed not to bias the investigation.  Further, only products that can be valued using an 
analytical closed form solution are considered in the analysis due to practicability and to 
mitigate the risk of significant model errors.  
 
The number of structured products selected for empirical study is 22, stemming from 
three different product series.  They are examined during their full life cycles between 
January 12, 2005 and January 17, 2007.  The selected products constitute some 40% of 
the structured products issued by Swedbank in 2005 that were offered to private 
investors.  It is thus believed that the sample is sufficiently large to serve as an accurate 
indicator of the overall pricing behavior of Swedbank’s structured product offerings.   
 
The Mini 1-8 product series consists of eight structured products with a 100 percent 
capital guarantee, also called principal protected notes. They were issued between 
January 12 and June 8, 2005.  Mini 1-8 pays its holder at maturity (i) the principal 
amount plus (ii) the growth of the OMXs30 index (if any) multiplied by the participation 
factor α and the nominal value.  Equation 26 describes the payoff at maturity. 
 
Equation 26: Payoff for Mini 1-8 
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Tur och Retur 1-9 is structured in a similar way to Mini 1-8.  The products have 100 
percent principal protection and are linked to the growth of OMXs30 multiplied with a 
participation factor.  Tur och Retur 1-9 has an additional feature of 2.5 percent yield if the 
OMX growth is negative at maturity.  Equation 27 illustrates the payoff at maturity. 
 
Equation 27: Payoff for Tur och Retur 1-9 
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Turbobevis 1-5 offer enhanced yields α (1.3-1.6) times the growth rate of the OMXs30 at 
maturity. If the growth is negative, the note’s value will decline just as much as the index.  
The payoff is expressed mathematically in Equation 28 and in Table 5 the reader can 
view the parameters for each individual issue. 
 
Equation 28: Payoff for Turbobevis 1-5 
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Product Mini 1 Mini 2 Mini 3 Mini 4 Mini 5 Mini 6 Mini 7 Mini 8 
# 314H 320C 324C 331C 338C 345C 351C 356C 

Trading code FSPOMI01 FSPOMI02 FSPOMI03 FSPOMI04 FSPOMI05 FSPOMI06 FSPOMI07 FSPOMI08 

Start date 1/12/2005 2/2/2005 2/23/2005 3/16/2005 4/6/2005 4/27/2005 5/18/2005 6/8/2005 
Maturity date 1/4/2006 2/3/2006 2/24/2006 3/17/2006 4/12/2006 5/3/2006 5/19/2006 6/14/2006 
Start index 734.31 754.04 759.16 765.43 789.39 757.05 781.66 796.64 
Nominal 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
Trading days 250 256 256 256 261 258 255 256 

Participation Factor 0.85 0.85 0.85 0.85 1.00 1.00 1.00 1.00 
 
Table 3: Data and Parameters for Mini 1-8 
 

Product 
SPAX Tur 
och Retur 

SPAX Tur 
och Retur 

SPAX Tur 
och Retur 

SPAX Tur 
och Retur 

SPAX Tur 
och Retur 

SPAX Tur 
och Retur 

SPAX Tur 
och Retur 

SPAX Tur 
och Retur 

SPAX Tur 
och Retur 

# 365C 376C 384B 389C 396C 401C 405C 411C 420C 

Trading code FSPOTR01 FSPOTR02 FSPOTR03 FSPOTR04 FSPOTR05 FSPOTR06 FSPOTR07 FSPOTR08 FSPOTR09 

Start date 6/29/2005 7/27/2005 8/24/2005 9/14/2005 10/5/2005 10/26/2005 11/16/2005 12/7/2005 12/21/2005 
Maturity date 6/28/2006 7/26/2006 8/23/2006 9/13/2006 10/4/2006 10/25/2006 11/15/2006 12/6/2006 12/6/2006 
Start index 3/31/1902 5/10/1902 4/28/1902 5/22/1902 6/16/1902 5/21/1902 6/30/1902 7/24/1902 8/6/1902 
Nominal 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 
Trading days 249.00 248.00 248.00 248.00 248.00 248.00 248.00 248.00 238.00 

Participation Factor 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 
 
Table 4: Data and Parameters for Tur och Retur 1-9 
 

Product 
Turbobevis 
OMXS30 

Turbobevis 
OMXS30 

Turbobevis 
OMXS30 

Turbobevis 
OMXS30 

Turbobevis 
OMXS30 

Trading code TB6ETUB01FSP TB6GTUB02FSP TB6FTUB03FSP TB6GTUB04FSP TB7FTUB05FSP 

Start date 12/15/2004 2/2/2005 3/16/2005 4/6/2005 12/7/2005 
Maturity date 5/26/2006 7/28/2006 6/23/2006 7/7/2006 6/13/2007 
Start index 737.25 754.04 765.43 789.39 936.78 
Nominal 1000.00 1000.00 1000.00 1000.00 1000.00 
Trading days 363.00 370.00 317.00 312.00 423.00 

Participation Factor 1.30 1.36 1.60 1.30 1.60 
 
Table 5: Data and Parameters for Turbobevis 1-5 
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6.2 Valuing the Structured Products 
The valuation of the structured products is performed by duplicating the products’ 
payoffs and rebuilding them with their single components.  By examining the payoff of 
Mini 1-8 in Equation 26 (found in 6.1) it can be deduced that it is, in essence, a 
combination of a zero coupon bond and a European index call option on the OMXs30.  
Equation 29 illustrates the theoretical value for product i at time t.   
 
Equation 29: Valuation of Mini 1-8 
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Equation 30 shows that Tur och Retur 1-9 can be structured using a zero coupon bond, a 
European index option on the OMXs30 and an additional European binary put option on 
the OMXs30.   
 
Equation 30: Valuation of Tur och Retur 1-9 
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Further, Turbobevis 1-5 can be structured as a zero-coupon bond, a European call option 
on the OMXs30 multiplied by the yield enhancement factor and a European put index 
option.  The strike prices are set to the index level at issuance.  The valuation formula for 
Turbobevis 1-5 is depicted in Equation 31.  
 
Equation 31: Turbobevis 1-5 
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An appropriate pricing model for the bonds and options has to be assigned in order to 
price the structured products correctly.  The choice of pricing models is discussed in the 
next section.  It is important to note that transactions costs, tax influences and other 
market frictions are not considered in this analysis.  
 

6.2.1 Estimating the Bond Value 
The zero-coupon bonds are valued using the bond valuation model as seen in Equation 2 
(found in 5.2).  All inputs are known except the default-adjusted yield to maturity.  Since 
the bond rating used when constructing these products is unknown, the proxy used for the 
default-adjusted rate is the Swedish Treasury rate.  The bill rate with a maturity closest to 
the maturity of the structured product is employed to calculate the bond values.  It is 
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plausible that the bonds used in these structured products bear a default risk that is 
slightly higher than Treasury bill rate since it is difficult to find a match between 
Treasury bills and the product issues.  It is, therefore, possible that the model slightly 
overestimates the theoretical values of the bonds and thus understates the price deviations 
to the investor’s disadvantage.  However, considering Swedbank’s P-1 credit rating from 
Moody’s and A-1 credit rating from Standard & Poors (for short term debt) the potential 
error is believed to be small.  
 

6.2.2 Estimating the Option Value 
The Black Scholes pricing model described in Equation 4 (found in section 5.3.1) is 
implemented to value the index calls and puts in the structured products.  The binary put 
option is valued according to Equation 6 (found in section 5.3.3).  The following 
parameters are used in the valuation. 
 
The annual continuous dividends for 2005 and 2006 are used in the Black-Scholes 
formula. They are extracted by comparing the growth of SIX30RX with the growth of 
OMXs30.  The SIX30RX includes the stocks of OMXs30 with dividends re-invested in 
the index.  The SIX30RX index is given by SIX.  
 
The Swedish Treasury Bill with a maturity closest to the maturity of the respective 
security is used for the risk-free interest rate in order to account for stochastic interest 
rates as described in 5.3.4.  The Swedish Treasury Bill and OMXs30 index values are 
given by OMX.  
 
The OMXs30 index calls and puts are valued using both implicit and historical 
volatilities.  Although studies by Wasserfallen and Schenk did not find any systematic 
difference between valuation based on historical and implied volatilities, it is of interest 
to examine potential differences between the two volatility measures in the Swedish 
market.  Implied volatilities are extracted from quoted option prices by using the Black 
Scholes formula, Equation 4 (found in section 5.3.2), backwards.  The implied volatilities 
are calculated using the settlement prices observed on the previous trading day for a 
“matching” option according to the algorithm in section 6.4. The historical volatility is 
computed as the standard deviation of the log of the previous 30 trading day’s percentage 
changes in the OMXs30 as seen in Equation 10 (found in section 5.3.1).  
 
The time to maturity and strike prices are determined by the particular structured 
products to be evaluated.  
 
The appropriateness of using the Black Scholes model to estimate the market prices can, 
of course, be questioned considering the list of underlying assumptions in section 5.3.1.  
One should, however, note that the OMXs30 index option is an instrument where the 
theoretical grounds for the Black Scholes pricing model are particularly well suited in 
practice.  The OMXs30 options are European rather than American; they offer cash 
settlement upon expiration instead of delivery of the underlying; the options can be 
hedged at low cost using OMXs30 index futures and, finally, since the underlying is an 
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index they are, therefore, less likely than other assets to experience jumps.  Further, as 
indicated in section 5.3, the Black Scholes pricing model is also simple, easy to 
implement and can be assumed to be widely used by issuers and market makers with 
slight modifications.  All of the parameters that affect the price of the option, except 
volatility, can be observed on the market and the model can also be extended to 
incorporate parameters such as implied volatility.  
 
The drawbacks to using the Black Scholes pricing model are that some of the underlying 
assumptions may not apply.  Risk-free lending and borrowing as well as executing short 
sales are difficult for the investor to execute on the underlying index as presumed in 
section 5.3.1.  Also assuming continuous dividends on the OMXs30 is an approximation 
since Swedish stocks typically pay dividends once per year.  However, since OMXs30 
options are European style, early exercise is not a problem when valuing the option.  
Further, since the OMXs30 contains 30 stocks, the approximation of using continuous 
dividends as discussed in section 5.3.2 should be reasonably small.   
 

6.3 Data Set 
The period of investigation extends from January 12, 2005 to January 17, 2007.  During 
this period the market is characterized by large steady gains.  The Swedish stock index, 
OMX Stockholm30 that represents the 30 largest corporations with respect to market 
value rose a significant 57 percent during this period.  The increase in 2005 was 29 
percent and during 2006 and part of January the index climbed 22 percent. 
 
The data set for this investigation includes daily price quotes from Swedbank’s secondary 
markets for structured products.  The price for product i at time t is denoted as Vi,t

Product.  
In the absence of ask prices only bid prices are considered in the analysis.  The bid-ask 
spreads are believed to be small with little variability over time.  Quoted prices on 
secondary markets were given by Swedbank and amount to 5,900 data points. 
 
Moreover, the data set includes quote records of all OMXs30 index options traded 
between January 12, 2005 and January 17, 2007.  The records, given by OMX, include 
bid - ask prices, settlement prices, highs and lows as well as transaction volume.  In the 
analysis, settlement prices are used although transaction data is preferred. A settlement 
price is an average of prices traded immediately before closing and does not always 
reflect real option prices traded on the exchange. (Wilkens et al, 2000).  In the event that 
identical options are trading at different prices, one option is randomly chosen.  In total, 
the option data comprises of 46,000 data points.   
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6.4 Data Processing and Matching Procedure 
Below is a quick overview of how the data processing and the matching procedure are 
performed. 
 
OMXs30 options are matched with structured products that minimize the differences in 
strike price and time to maturity.  Implied volatilities are extracted from the matched 
options and then used to calculate the theoretical value of the corresponding structured 
product.  Priority is given to strike price in the matching procedure since empirical 
research has shown that the volatility “smile” of implied volatility is more pronounced 
than the volatility term structure (Hull, 2003). 
 
The algorithm for matching OMXs30 options with the structured products is as follows: 
 

i) OMXs30 options with the lowest deviation in strike price are chosen.  
ii) If there is more than one possible option, the option with the smallest 

deviation in time to maturity is selected.  
iii) If there is still more than one candidate, one option is randomly chosen.  

 
The theoretical value, Vi,t

Theoretical of structured product i at time t can now be calculated, 
according to pricing model described in section 6.2.  The theoretical value Vi,t

Theoretical and 
the quoted prices of structured products Vi,t

Product are then subject to thorough statistical 
analysis as given in section 6.5.  
 

6.5  Statistical Evaluation  
The statistical methods to evaluate the pricing behavior of the structured products are 
presented in this chapter. 
 

6.5.1 Measuring Price Deviations 
The appropriateness of the pricing is evaluated by comparing the quoted prices of the 
structured products with the theoretical values of their “building blocks”.  But which 
measure of price deviations should be employed?  One possible approach is to compare 
differences in implied volatility as depicted in Equation 32. 
 
Equation 32: Comparison of Implicit Volatilities 
 

OMXoduct σσσ −=Δ Pr  
 
A positive value of σΔ  means that the volatility implicitly quoted by the issuer is above 
that of a similar option from OMX. A σΔ greater than zero favors the buyer of the note 
while the contrary is true if σΔ  smaller than zero.  
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Another possible measure is to consider the relative differences between real market 
prices of the structured products and theoretical values as shown in Equation 33. 
 
Equation 33: Relative Price Deviations 
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,

,
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A majority of prior academic studies employ the latter measure although the volatility 
measure has been used in previous research by Grunbichler & Wohlwend and Chen & 
Kensinger.  A volatility based measure has some drawbacks since the influence of 
volatility on the price deviation depends on the specific options positions used to 
structure the product.  First, the higher the total value of the option component, the more 
important is the assumed volatility.  Second, the sensitivity of an option’s value to the 
volatility depends on several parameters.  An option with only a few days to maturity and 
quoted deep in the money is more or less immune even to large movements in volatility 
since vega is approximately zero (Wilkens et al, 2000). 
 
Considering that this study aims to investigate the full life cycle of the structured 
products, it is more suitable to look at the relative differences between theoretical values 
and quoted prices of the structured products.  
 

6.5.2 Descriptive Statistics of Price Deviations 
Descriptive statistics such as mean and standard deviations as well as minimum and 
maximum price deviations are calculated for each product.  The measures are also 
computed on a product category level as well as for the whole sample in order to observe 
differences in pricing between various types of structures.   
 
Higher moments such as skewness and kurtosis are calculated in order to investigate 
whether normality can be assumed when analyzing the data set in order to determine 
what types of tests are appropriate to determine price deviations statistically.  The t-test is 
employed if normality can be assumed in order to assess whether the price deviations are 
statistically significant at conventional confidence levels.  The non-parametric Wilcoxon 
signed rank test is used if the grounds form normality are weak.  The RMSE measure is 
also computed in order to evaluate whether there are any systematic inconsistencies in the 
pricing.  These statistics are calculated for the data set using both implied and historical 
volatilities.   
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6.5.3 Investigating Patterns in Mispricing 
Wilkens, Erner and Röder econometric model in section 5.5 is used in order to evaluate 
the pricing behavior for Swedbank’s structured products.  The model, which has proven 
significant for the German market, investigates whether the product lifecycle and the 
incorporated risk of redemption given by the moneyness of the implicit options are 
significant factors in explaining price deviations.   
 
A more direct approach to investigate the pricing power of the market maker would be to 
examine the price deviations as a function of trading volume, i.e. sales and re-purchases 
respectively.  Unfortunately, detailed information of trading volumes is not available for 
these instruments. The regression model by Wilkens, Erner and Röder would be a 
suitable approach to investigate the Swedish market since the results are directly 
comparable to research performed in Germany and Switzerland.   
 
The price deviation data set is first examined for autocorrelation, heteroscedasticity and 
multicollinearity in order to verify that the underlying assumptions are valid when 
applying the regression model.  In absence of data relating to quote spreads, price 
deviations are regressed against the products’ life cycles and moneyness of the option as 
seen in Equation 34.  The price deviations are also visualized in a scatter plots.  
 
Equation 34: Econometric Model to Evaluate the Driving Forces Behind Mispricing 
 

iii cMbLaV ε+++=Δ  
 
ΔVi = Average price deviation 

Li  = Products’ relative lifetimes 
Mi  = Moneyness of the implicit option 
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7 Results 
The results from the investigations presented in chapter 6 are discussed in the paragraphs 
below.  

7.1 Product Matching 
The structured products are matched with OMXs30 index options on each trading day.  
Table 6 shows the result from the matching procedure and the data used for the study.  It 
displays the average (relative) difference in strike price and difference in time to maturity 
(in days) for each product.  The average deviation of the strike price for the whole sample 
is 7.5 percent.  This means that the assigned OMXs30 option have strike prices that are 
on average 7.5 percent higher than the strike price of the corresponding structured 
product.  A negative sign for ΔK indicates lower strike price for the assigned option than 
for the structured product. 
 

  Observations AVG(ΔK) | AVG(ΔK) | | AVG(ΔT) | 
  

Whole Sample 5894 7.54% 7.16% 125.41 
  

Mini 1-8 2038 9.88% 10.18% 113.55 
Mini 1 250 8.41% 8.27% 99.14 
Mini 2 256 7.81% 7.24% 100.26 
Mini3 256 8.71% 8.34% 112.94 
Mini 4 256 9.51% 9.36% 111.76 
Mini 5 261 8.90% 8.58% 122.23 
Mini 6 258 14.10% 13.82% 120.28 
Mini 7 255 12.34% 12.10% 111.37 
Mini 8 256 11.51% 11.18% 123.35 
     
Tur och Retur 1-9  2221 5.95% 6.08% 102.85 
Tur Retur 1 249 9.34% 9.09% 114.97 
Tur Retur 2 248 6.13% 5.99% 112.05 
Tur Retur 3 248 7.90% 7.75% 109.77 
Tur Retur 4 248 6.27% 6.10% 107.53 
Tur Retur 5 248 4.54% 4.53% 97.84 
Tur Retur 6 248 7.96% 7.89% 100.56 
Tur Retur 7 248 5.13% 4.97% 96.83 
Tur Retur 8 248 4.12% 4.00% 90.66 
Tur Retur 9 238 3.17% 3.14% 95.13 
     
Turbobevis 1-5 1635 6.27% 6.88% 148.19 
Turbobevis 1 363 8.58% 7.99% 148.54 
Turbobevis 2 370 8.20% 7.21% 160.96 
Turbobevis 3 317 7.71% 7.19% 144.06 
Turbobevis 4 312 6.28% 5.63% 147.18 
Turbobevis 5 275 2.46% 2.29% 136.01 

 
Table 6: Result from Product Matching with Exchange Traded Options 



 

 35

The third and fourth columns calculate the absolute value of the deviations on each 
trading day and do not allow positive deviations to compensate for negative ones.  The 
average (absolute) difference in strike price is 7.16 percent and for time to maturity it is 
125 days for the whole sample.  The product series with the closest fit is Tur och Retur 1-
9, which has the lowest deviation in both strike price and time to maturity. Turbobevis 1-
5 has lower differences in strike price compared to Mini 1-8 but has on average higher 
differences in time to maturity.   
 
The results from the matching procedure clearly indicate that it is difficult to find exact 
matches between structured products and exchange traded options in the OMX market 
place.  It is thus logical to assume that issuing institutions typically purchase OTC 
derivatives when structuring their products.   
 

7.2 Pricing Results 
The pricing of the structured products is conducted by duplicating the payoffs of their 
individual components. The options are matched with exchange traded options in order to 
obtain parameters that are used to value the products according to theoretical models, as 
described in section 6.2.  The theoretical values are then compared to the quoted prices 
on the secondary markets in order to obtain the (relative) price deviations as displayed in 
Figure 3. The whole sample consists of 5,900 price differences on the secondary markets.  
The graph shows that a majority of the price deviations are located on the right side of 
zero.  According to Equation 33 (found in section 6.5.1) this indicates that the investor is, 
on average, paying more than the theoretical value for the structured products.   
 

 
 
Figure 3: Histogram of Price Deviations of the Whole Data Set 
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Examining histograms for the three product categories separately reveal similar results as 
those of the whole sample.  Product category Mini 1-8, however, appears to be the 
combination of two unique distributions exhibiting two distinct peaks. Figure 4 displays 
the bimodal ΔV distribution, which is apparent using both implicit and historical 
volatilities. Examining scatter plots and descriptive statistics for each product also 
suggests that, from a valuation perspective, Mini 1-8 should be regarded as two separate 
categories Mini 1-4 and Mini 5-8.  Although they are structured in a similar way it is 
intuitively plausible since the participation factors are significantly different in Mini 1-4 
and Mini 1-8, 85 and 100 percent respectively. 
 

 
 
Figure 4: Bimodal Distribution of Mini 1-8 
 
 
Mean 0.002478 
Standard Error 0.0003 
Median -0.00041 
Standard Deviation 0.023018 
Kurtosis 3.884021 
Skewness -0.40646 
Range 0.280548 
Minimum -0.17831 
Maximum 0.102234 

 
Table 7: Descriptive Statistics for the Whole Data Set 
 
Examining the histogram in Figure 3 further together with a complete set of descriptive 
statistics for the price deviations, in Table 7, suggests that normal distribution cannot be 
assumed.  There is negative skewness in the sample, illustrated by the fact that a majority 
of the ΔV values are located to the right of zero and a kurtosis that is higher than normal 
(3.88 instead of zero).  This suggests that the grounds for the standard t-test in evaluating 
the significance of price deviations are weak.  A non-parametric test, namely the 
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Wilcoxon signed rank test is, therefore, used in addition to determine the significance of 
the price deviations. 
 
Pricing each product issue and product category according to the methodology in section 
6.2 yields the pricing results displayed in Table 8 and Table 9.  Applying both t-tests and 
Wilcoxon signed rank tests shows that price deviations are significant at conventional 
significance levels for most products.  The t-tests and the Wilcoxon signed rank test show 
similar and consistent results.  Please note that the W-value is only tested at the 5 percent 
level.   
 
On average the whole sample of structured products is priced at 0.25 percent above the 
duplication strategies based on OMXs30 options.  The findings are consistent with 
studies in Germany, Switzerland and the United States, which suggest that structured 
products are priced, on average, to the investor’s disadvantage on the secondary markets.  
The level of mispricing found in this study is, nevertheless, strikingly low in an 
international comparison and inconclusive for certain product categories.  Examining 
price deviations for each category, three out of four categories exhibit slightly negative 
average price deviations although the average deviation for the whole sample is positive.  
Appendix 1 displays pricing based on historical volatilities, which demonstrates 
somewhat higher positive price deviations.   
 
Mini 1-4 is clearly the most unfavorable product category for the investor with an average 
price deviation of 3.07 percent, combined with some of the lowest standard deviations at 
1.08 percent.  Turbobevis 1-5 is, on average, the most advantageous product purchase 
with a mean of -0.65 percent and the highest average standard deviation at 2.99 percent.  
These categories represent the two extremes in terms of risk and potential reward.  
 
Looking at the minimum and maximum relative price deviations in Table 9, it becomes 
evident that spreads can be substantial on individual trading days for certain products.  It 
is intuitive that highly leveraged products such as the Turbobevis series exhibits large 
minimum and maximum price deviations and high average standard deviations.  Principal 
protected products categories such as Mini and Tur och Retur, on the other hand, present 
lower extreme values and average standard deviations.   
 
To conclude, the pricing results show small although significant pricing bias in favor of 
the issuing institution.  With a root mean square errors below 4 percent for all products, 
there is also a good correspondence between theoretical and market prices.  The quoted 
prices on secondary markets can thus be considered well in line with their theoretical 
values.  
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  n AVG(ΔV) σΔV t-value W-value RSME
Whole Sample 5894 0.25% 2.30% 8.26*** 7,827,269** 2.32%
Mini 1-4 1008 3.07% 1.08% 90.34*** 244** 3.26%
Mini 5-8 1030 -0.32% 1.70% -6.09*** 187,207** 1.73%
Tur och Retur 1-9  2221 -0.11% 1.07% -4.85*** 1,071,401** 1.07%
Turbobevis 1-5 1635 -0.65% 2.99% -8.77*** 454,049** 3.06%

*** Significant at the 1% level ** Significant at the 5% level * Significant at the 10% level 
 
Table 8: Statistics of Price Deviations Using Implicit Volatilities; Grouped by Product Series. 
 
 

  n AVG(ΔV) σΔV Min. Max. t-value W-value RSME
Mini 1 250 2.52% 0.96% -1.58% 5.26% 41.43*** 82** 2.69%
Mini 2 256 3.04% 0.99% -0.49% 5.69% 48.96*** 2** 3.21%
Mini3 256 2.94% 0.93% -0.92% 5.66% 50.48*** 7** 3.07%
Mini 4 256 3.75% 1.05% -0.74% 6.57% 57.15*** 3** 3.91%
Mini 5 261 1.04% 1.92% -4.29% 5.45% 8.80*** 8,680** 2.19%
Mini 6 258 -0.54% 1.36% -5.47% 2.66% -6.42*** 9,517** 1.47%
Mini 7 255 -0.81% 1.20% -5.52% 2.21% -10.75*** 5,501** 1.45%
Mini 8 256 -1.01% 1.40% -7.26% 2.75% -11.55*** 4,850** 1.73%
Tur Retur 1 249 -0.66% 1.07% -6.18% 1.74% -9.74*** 5,276** 1.26%
Tur Retur 2 248 -0.45% 1.04% -4.43% 2.58% -6.81*** 7,733** 1.14%
Tur Retur 3 248 0.27% 0.81% -2.87% 2.55% 5.34*** 9,666** 0.85%
Tur Retur 4 248 -0.24% 1.10% -6.94% 2.11% -3.48*** 11,283** 1.13%
Tur Retur 5 248 0.03% 1.01% -4.42% 2.35% 0.53 15,040 1.01%
Tur Retur 6 248 -0.12% 0.87% -7.39% 2.31% -2.16** 12,817** 0.88%
Tur Retur 7 248 0.15% 1.23% -10.17% 2.48% 1.92* 11,991** 1.24%
Tur Retur 8 248 0.01% 1.17% -10.98% 2.50% 0.07 15,264 1.18%
Tur Retur 9 238 0.03% 0.87% -2.94% 2.80% 0.55 13,376** 0.88%
Turbobevis 1 363 -0.39% 2.59% -16.76% 7.48% -2.86*** 26,291** 2.63%
Turbobevis 2 370 -0.27% 2.93% -16.94% 10.22% -1.76* 24,642** 2.94%
Turbobevis 3 317 -2.42% 2.91% -12.89% 7.83% -14.82*** 6,115** 3.78%
Turbobevis 4 312 -0.60% 2.60% -17.83% 8.13% -4.10*** 15,250** 2.63%
Turbobevis 5 275 0.55% 3.26% -12.92% 7.91% 2.80*** 14,326** 3.28%

*** Significant at the 1% level ** Significant at the 5% level * Significant at the 10% level 
 
Table 9: Statistics of Price Deviations Using Implicit Volatilities 
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7.3 Patterns in Mispricing 
The next step is to deduce whether time-dependent patterns and influence from 
moneyness of the implicit option can be detected in the pricing.  The scatter plot in 
Figure 5 shows the relation between price deviations and relative life cycle for the whole 
sample.  Figure 6 displays the relation between price deviations and moneyness of the 
implicit option.  From inspecting the above graphs visually it is probable that patterns do 
exist in the data.  In order to investigate this statistically, a regression analysis is 
performed for the data set.  There are no indications of autocorrelation, heteroskedasticity 
or multicollinearity in the data set that would violate the underlying assumptions in the 
regression.  
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Figure 5: Influence of Relative Lifecycle  Figure 6: Influence of Moneyness 
 
As seen in Appendix 2, when performing a regression analysis for the whole sample only 
weak evidence of time-dependent patterns and effects of moneyness can be identified.  
The coefficient b is negative and significant, which supports the findings of Wilkens, 
Erner & Röder and Grunbichler & Wohlwend.  However, the value of the relative 
lifecycle coefficient is small, merely -0.01 (-0.02 using historical volatilities) although 
significant.  Analyzing the effects of moneyness of the implicit option, the regression 
yields a larger significant coefficient a at -0.05 (-0.03 using historical volatilities), also 
confirming the findings of Wilkens, Erner & Röder.  Although the regression is 
significant, the R2 value is a low 11.5 percent (22 percent using historical volatilities) 
indicating limited explanatory power of the relative life cycle and moneyness of the 
implicit option.  This is also expected considering the large dispersion of the scatter plots 
for the whole sample in Figure 5 and 6.   
 
Since limited evidence is found on an aggregate level, each product category is, therefore, 
regressed separately in order to assess whether any of the patterns can be identified on a 
category basis.  Figures 7 to 9 and 10 to 12 show the influence of the relative life cycle 
and moneyness of the option in scatter plots.  They all display less dispersion than the 
scatter plots for the whole sample.  Note the two strands in the scatter plots for Mini 1-8 
in Figure 7 and 10 that represent Mini 1-4 and Mini 5-8, which further justifies dividing 
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them into two separate categories.  As Appendix 3 to 6 show, running a regression on 
product categories slightly increases the R2 prediction powers to between 14 and 20 
percent except for Mini 5-8 which reaches 39 percent (73 percent using historical 
volatilities) the highest R2 of all categories in the investigation.   
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Figure 7: Influence of Life Cycle for Mini 
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Turbocertifikat 1-5
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Figure 8: Influence of Life Cycle for TR  Figure 9: Influence of Life Cycle for TB 
 
Analyzing the regression data further, three out of the four product categories display 
patterns that confirm Wilken, Erner & Röder’s results.  They all have negative significant 
coefficients for both relative lifecycle and moneyness indicating a negative relationship 
between price deviations and the respective variable.  These patterns have been well 
documented in academic research of both the German and Swiss market and are signs of 
inefficiencies in the secondary market.   
 
Appendix 3 displays Mini 1-4, which has a negative significant coefficient b and a 
positive significant coefficient c.  A negative relationship between price deviations and 
moneyness of the implicit option is difficult to explain intuitively and contradicts Wilken, 
Erner & Röder’s findings on German market.  One possible reason to this effect could be 
that moneyness of the implicit option is not a relevant explanatory variable to predict 
price deviations for that particular product category.  
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Mini 1-8
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Figure 10: Influence of Moneyness for Mini  
 

Tur Retur 1-9

-0.06

-0.04

-0.02

0.00

0.02

0.04

0.06

0.08

0.10

0.90 1.00 1.10 1.20 1.30 1.40

Moneyness

Pr
ic

e 
de

vi
at

io
n

 

Turbocertifikat 1-5
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Figure 11: Influence of Moneyness for TR  Figure 12: Influence of Moneyness for TB 
 
Using historical volatilities instead of implicit volatilities in the regression leads to 
similar results as seen in Appendix 7 to 11.  An interesting observation is that regression 
results based on historical volatilities yields notably higher values of the R2 prediction 
power for most product categories.  Mini 5-8 and Tur och Retur 1-9 reach 73 and 62 
percent respectively while using implicit volatilities only yield 39 and 14 percent.  This is 
probably due to the fact that the variance among historical volatilities is smaller 
compared to the implicit volatilities in this study, which leads to smoother more linear 
regression results.  In contrast, however, the R2 prediction power for Mini 1-4 based on 
historical volatilities is an ineffective 6 percent.  
 
As seen in this section, patterns in mispricing that have appeared in empirical studies of 
the German and Swiss markets are also present in the Swedish market.  The regression 
results indicate that the issuer is able to benefit from orienting price quotes toward the 
relative life cycle and and moneyness of the implicit option.  The effects, however, are 
limited.  The R2 values of the regressions model are modest and the absolute values of 
price deviations are low as seen in section 7.2. 
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8 Conclusions 
This paper evaluates the pricing of 22 structured products issued by Swedbank during 
their full life cycle from January 12, 2005 to January 17, 2007.  The products examined 
represent 40 percent of the structured product offerings in 2005 to private investors.  
Given Swedbanks’s dominant market position in the Swedish market, as displayed in 
Table 2 (found in section 2.3), the results are assumed to provide some valuable insights 
in the competitive landscape of structured product offerings in the Swedish market.  
Following a methodology that has been used to evaluate the pricing of structured 
products in various international studies, the results are believed to be comparable and 
theoretically tractable. 
 
Errors in the parameter estimation and in the Black Scholes model are believed to be the 
largest sources of error in calculating price deviations.  Performing an additional 
matching procedure with bond issues in order to obtain an appropriate default-adjusted 
yield and implementing a more flexible numerical model to value to the options are 
believed to provide somewhat more accurate results. 
 
The pricing results in this study show that average price deviations are strikingly low 
compared to empirical results from international studies.  Price quotes are on average 
merely 0.25 percent higher than their theoretical values.  Finding RMSE values below 4 
percent for all products in the investigation, there are small differences between quoted 
market prices and theoretical values.   
 
There is some evidence that the pricing is oriented towards the relative life cycle and 
moneyness of the product.  These results confirm Wilkens, Erner and Röder’s 
econometric model and are consistent with empirical investigations in Germany and 
Switzerland.  The importance of patterns in price deviations can, however, be questioned 
since the absolute level of pricing errors is low and the values of the R2 prediction power 
are fairly small.   
 
To that end, there is little evidence to suspect that the issuer, Swedbank, systematically 
quotes prices that are not in line with their theoretical values.  The sophisticated investor 
is likely to be able to judge the attractiveness of the structured product issue by 
comparing the transaction costs of the instruments in a duplication strategy with the 
transaction costs of the structured product.  Considering Swedbank’s dominant market 
share at 22 percent in 2005, it is also probable that fair quotes are given in secondary 
markets in Sweden as a whole.  The private investor is then able to determine the 
appropriateness of the pricing of structured product issues by comparing transactions 
costs between issuers of similar products.  
 
More studies that examine panel data of products from multiple issuers are, however, 
required in order to test this hypothesis empirically in the Swedish market.  It would also 
be of interest to investigate whether co-lead or third party issues are more competitively 
priced as found by Burth, Kraus and Wohlwend.  Comprehensive studies that include 
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fees and transactions costs would provide additional insights for the investor in order to 
judge the appropriateness of the pricing in the Swedish market.  
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Appendix 1: Price Deviations Using Historical Volatilities 
 
Individual product issues 
 

  n AVG(ΔV) σΔV Min. Max. t-value W-value RSME
Mini 1 250 2.83% 0.68% 1.39% 4.31% 65.77*** 0** 2.89%
Mini 2 256 3.27% 0.69% 1.94% 4.68% 75.95*** 0** 3.35%
Mini 3 256 3.26% 0.71% 1.84% 4.58% 73.29*** 0** 3.31%
Mini 4 256 4.17% 0.79% 2.78% 5.77% 84.88*** 0** 4.26%
Mini 5 261 1.61% 1.91% -1.36% 4.28% 13.59*** 4,640** 2.51%
Mini 6 258 0.21% 1.46% -2.12% 2.65% 2.26** 13,220** 1.50%
Mini 7 255 0.00% 1.38% -2.17% 2.23% -0.04 16,214 1.39%
Mini 8 256 -0.23% 1.36% -2.37% 2.49% -2.67*** 13,370** 1.38%
Tur Retur 1 249 0.06% 1.10% -1.94% 2.04% 0.88 14,543 1.10%
Tur Retur 2 248 0.10% 0.89% -1.59% 1.88% 1.71* 14,271 0.89%
Tur Retur 3 248 0.89% 1.00% -0.72% 2.91% 14.00*** 3,462** 1.34%
Tur Retur 4 248 0.37% 1.06% -1.26% 2.74% 5.47*** 11,205** 1.13%
Tur Retur 5 248 0.39% 1.10% -1.07% 3.00% 5.54*** 11,567** 1.17%
Tur Retur 6 248 0.24% 0.79% -0.79% 2.49% 4.79*** 11,590** 0.83%
Tur Retur 7 248 0.34% 1.17% -1.38% 2.51% 4.63*** 11,160** 1.22%
Tur Retur 8 248 0.03% 1.15% -1.62% 2.59% 0.44 15,307 1.15%
Tur Retur 9 238 -0.12% 1.11% -1.78% 2.55% -1.60 12,159 1.12%
Turbobevis 1 363 -0.07% 1.59% -2.93% 3.05% -0.83 31,757 1.59%
Turbobevis 2 370 -0.13% 1.15% -2.51% 2.09% -2.22** 29,670** 1.15%
Turbobevis 3 317 -1.96% 1.59% -4.54% 1.09% -21.88*** 3,046** 2.53%
Turbobevis 4 312 0.04% 1.77% -2.72% 2.60% 0.36 22,661 1.75%
Turbobevis 5 275 0.11% 1.36% -4.81% 3.80% 1.33 17,804 1.43%

*** Significant at the 1% level ** Significant at the 5% level * Significant at the 10% level 
 
 
Grouping by product category 
 

  n AVG(ΔV) σΔV t-value W-value RSME 
Whole Sample 5894 0.64% 1.88% 25.99*** 5,688,200** 1.98% 
Mini 1-4 1008 3.39% 0.87% 123.88*** 0** 3.50% 
Mini 5-8 1030 0.42% 1.71% 7.89*** 201,349** 1.76% 
Tur och Retur 1-9  2221 0.26% 1.08% 11.22*** 961,860** 1.11% 
Turbobevis 1-5 1635 -0.41% 1.69% -9.81*** 496,709** 1.74% 

*** Significant at the 1% level ** Significant at the 5% level * Significant at the 10% level 
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Appendix 2: Regression on the whole sample using implicit volatilities  
 
Regression model 

iii cMbLaV ε+++=Δ  
 
 

Regression Statistics        
Multiple R 0.339269        
R Square 0.115104        
Adjusted R Square 0.114803        
Standard Error 0.021656        
Observations 5894        
         
ANOVA         

  df SS MS F Significance F    
Regression 2 0.359374 0.179687 383.1379 3.7E-157    
Residual 5891 2.762807 0.000469      
Total 5893 3.122181          
         

  Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0% 
a Intercept 0.067518 0.004164 16.21351 7.14E-58 0.059355 0.075682 0.059355 0.075682
b Life cycle -0.01032 0.001456 -7.08564 1.55E-12 -0.01317 -0.00746 -0.01317 -0.00746
c Moneyness -0.05287 0.004107 -12.8738 2.01E-37 -0.06092 -0.04482 -0.06092 -0.04482
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Appendix 3: Regression on Mini 1-4 using implicit volatilities  
 
Regression model 

iii cMbLaV ε+++=Δ  
 
 

Regression Statistics        
Multiple R 0.426439        
R Square 0.18185        
Adjusted R Square 0.180222        
Standard Error 0.009773        
Observations 1008        
         
ANOVA         

  df SS MS F Significance F    
Regression 2 0.021338 0.010669 111.6906 1.58E-44    
Residual 1005 0.095998 9.55E-05      
Total 1007 0.117336          
         

  Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0% 
a Intercept -0.10476 0.013044 -8.03139 2.68E-15 -0.13035 -0.07916 -0.13035 -0.07916
b Life cycle -0.05551 0.004241 -13.0883 2.95E-36 -0.06383 -0.04719 -0.06383 -0.04719
c Moneyness 0.143861 0.013285 10.82914 6.34E-26 0.117792 0.16993 0.117792 0.16993
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Appendix 4: Regression on Mini 5-8 using implicit volatilities  
 
Regression model 

iii cMbLaV ε+++=Δ  
 
 

Regression Statistics        
Multiple R 0.621165        
R Square 0.385846        
Adjusted R Square 0.38465        
Standard Error 0.013344        
Observations 1030        
         
ANOVA         

  df SS MS F Significance F    
Regression 2 0.114895 0.057447 322.61 1.9E-109    
Residual 1027 0.182878 0.000178      
Total 1029 0.297773          
         

  Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% 
Upper 
95.0% 

a Intercept 0.127591 0.01023 12.47203 2.41E-33 0.107517 0.147666 0.107517 0.147666
b Life cycle 0.006257 0.003774 1.657739 0.097676 -0.00115 0.013663 -0.00115 0.013663
c Moneyness -0.11461 0.010219 -11.2144 1.29E-27 -0.13466 -0.09455 -0.13466 -0.09455
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Appendix 5: Regression on Tur och Retur 1-9 using implicit volatilities  
 
Regression model 

iii cMbLaV ε+++=Δ  
 
 

Regression Statistics        
Multiple R 0.376034        
R Square 0.141401        
Adjusted R Square 0.140627        
Standard Error 0.009879        
Observations 2221        
         
ANOVA         

  df SS MS F Significance F    
Regression 2 0.03565 0.017825 182.6396 3.74E-74    
Residual 2218 0.216467 9.76E-05      
Total 2220 0.252117          
         

  Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0% 
a Intercept 0.023562 0.003498 6.73624 2.06E-11 0.016703 0.030421 0.016703 0.030421
b Life cycle -0.01115 0.000845 -13.1985 2.4E-38 -0.0128 -0.00949 -0.0128 -0.00949
c Moneyness -0.01739 0.003364 -5.16986 2.55E-07 -0.02399 -0.01079 -0.02399 -0.01079
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Appendix 6: Regression on Turbobevis 1-5 using implicit volatilities  
 
Regression model 

iii cMbLaV ε+++=Δ  
 
 

Regression Statistics        
Multiple R 0.446265        
R Square 0.199152        
Adjusted R Square 0.198171        
Standard Error 0.02675        
Observations 1635        
         
ANOVA         

  df SS MS F Significance F    
Regression 2 0.290413 0.145207 202.9205 1.98E-79    
Residual 1632 1.167832 0.000716      
Total 1634 1.458246          
         

  Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0% 
a Intercept 0.053165 0.012091 4.396942 1.17E-05 0.029449 0.076881 0.029449 0.076881
b Life cycle -0.03217 0.00522 -6.16285 8.98E-10 -0.04241 -0.02193 -0.04241 -0.02193
c Moneyness -0.03832 0.012253 -3.12779 0.001792 -0.06236 -0.01429 -0.06236 -0.01429
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Appendix 7: Regression on the whole sample using historical volatilities  
 
Regression model 

iii cMbLaV ε+++=Δ  
 
 

Regression Statistics        
Multiple R 0.471814        
R Square 0.222608        
Adjusted R Square 0.222344        
Standard Error 0.016566        
Observations 5894        
         
ANOVA         

  df SS MS F Significance F    
Regression 2 0.462942 0.231471 843.4508 0    
Residual 5891 1.616685 0.000274      
Total 5893 2.079627          
         

  Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0% 
a Intercept 0.056131 0.003186 17.62071 9.13E-68 0.049887 0.062376 0.049887 0.062376
b Life cycle -0.02067 0.001114 -18.5543 9.82E-75 -0.02285 -0.01848 -0.02285 -0.01848
c Moneyness -0.03489 0.003141 -11.1068 2.22E-28 -0.04105 -0.02873 -0.04105 -0.02873
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Appendix 8: Regression on Mini 1-4 using historical volatilities  
 
Regression model 

iii cMbLaV ε+++=Δ  
 
 

Regression Statistics        
Multiple R 0.245527        
R Square 0.060284        
Adjusted R 
Square 0.058413        
Standard Error 0.008427        
Observations 1008        
         
ANOVA         

  df SS MS F 
Significance 

F    
Regression 2 0.004578 0.002289 32.23576 2.7E-14    
Residual 1005 0.071361 7.1E-05      
Total 1007 0.075939          
         

  Coefficients 
Standard 

Error t Stat P-value Lower 95% 
Upper 
95% 

Lower 
95.0% 

Upper 
95.0% 

a Intercept -0.00598 0.011246 -0.5313 0.595328 -0.02804 0.016093 -0.02804 0.016093
b Life cycle -0.02013 0.003657 -5.50616 4.66E-08 -0.02731 -0.01296 -0.02731 -0.01296
c Moneyness 0.04402 0.011454 3.843307 0.000129 0.021544 0.066497 0.021544 0.066497
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Appendix 9: Regression on Mini 5-8 using historical volatilities  
 
Regression model 

iii cMbLaV ε+++=Δ  
 
 

Regression Statistics        
Multiple R 0.855578        
R Square 0.732014        
Adjusted R Square 0.731492        
Standard Error 0.008837        
Observations 1030        
         
ANOVA         

  df SS MS F Significance F    
Regression 2 0.219078 0.109539 1402.642 2.2E-294    
Residual 1027 0.080203 7.81E-05      
Total 1029 0.299281          
         

  Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0% 
a Intercept 0.152476 0.006775 22.50625 1.67E-91 0.139182 0.16577 0.139182 0.16577
b Life cycle -0.00481 0.002499 -1.92506 0.054498 -0.00972 9.3E-05 -0.00972 9.3E-05
c Moneyness -0.1248 0.006768 -18.4402 8.22E-66 -0.13808 -0.11152 -0.13808 -0.11152
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Appendix 10: Regression on Tur och Retur 1-9 using historical volatilities  
 
Regression model 

iii cMbLaV ε+++=Δ  
 
 

Regression Statistics        
Multiple R 0.787187        
R Square 0.619663        
Adjusted R Square 0.61932        
Standard Error 0.00667        
Observations 2221        
         
ANOVA         

  df SS MS F Significance F    
Regression 2 0.160763 0.080381 1806.838 0    
Residual 2218 0.098673 4.45E-05      
Total 2220 0.259436          
         

  Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0% 
a Intercept 0.020175 0.002362 8.543128 2.39E-17 0.015544 0.024806 0.015544 0.024806
b Life cycle -0.02914 0.00057 -51.1056 0 -0.03026 -0.02803 -0.03026 -0.02803
c Moneyness -0.00272 0.002271 -1.19827 0.230942 -0.00718 0.001732 -0.00718 0.001732
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Appendix 11: Regression on Turbobevis 1-5 using historical volatilities  
 
Regression model 

iii cMbLaV ε+++=Δ  
 
 

Regression Statistics        
Multiple R 0.664768        
R Square 0.441916        
Adjusted R Square 0.441232        
Standard Error 0.012622        
Observations 1635        
         
ANOVA         

  df SS MS F Significance F    
Regression 2 0.205893 0.102946 646.1461 2E-207    
Residual 1632 0.260016 0.000159      
Total 1634 0.465909          
         

  Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0% 
Intercept 0.062828 0.005705 11.01206 2.96E-27 0.051637 0.074018 0.051637 0.074018
X Variable 1 -0.01982 0.002463 -8.04619 1.63E-15 -0.02465 -0.01499 -0.02465 -0.01499
X Variable 2 -0.04962 0.005782 -8.58186 2.14E-17 -0.06096 -0.03828 -0.06096 -0.03828

 
 
  
 


