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Abstract 

We product test the structured financial products offered in Mangold Fondkommission AB’s issue nr. 
7, according to guidelines set up by the European Securities and Market Authority. The constructed 
model is a real world economic scenario generator (ESG) that forecasts future performance of the 
assets that underlies each product. In the model, we assume that stock paths follow a geometric 
Brownian motion where volatility is time dependent, heteroscedastic and auto correlated. Given a 
forecast, we test a product’s performance to receive understanding of the risks that a holder might 
face. The results have led to the conclusion that the potential return corresponds to the level of risk 
taken by the investor. Thus, product testing would serve as good practice for all distributors in order to 
find the most suitable structured product for a given customer due to their risk- and reward profile.  
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Sammanfattning 
I denna studie produkttestas de strukturerade finaniella produkter i Mangold Fondkomissions sjunde 
emmission enligt de riktlinjer som utformats av europeiska värdepappers- och marknadsmyndigheten. 
Den konstruerade modellen är en real world economic scenario generator (ESG), vilken prognostiserar 
framtida utveckling hos de tillgångar som ligger till grund för varje produkt. I modellen förutsätter vi 
att aktiepriser följer en geometrisk Brownsk rörelse där volatilitet är tidsberoende, heteroskedastisk 
och autokorrelerad. Givet en prognos testas varje produkt för att erhålla en uppfattning om 
risktagandet som en investerare utsätts för. De erhållna resultaten har lett till slutsatsen att potentiell 
avkastningen reflekterar nivån av risktagande. Således kan produktestning ses som god praxis för alla 
distributörer i syfte att återfinna den mest passande strukturerade produkten för en given kund enligt 
deras risk- och avkastningsbenägenhet.  
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1 Introduction 

 

Today Mangold Fondkommission AB focus on small- and medium large companies and offers services 
within corporate finance, issuing, market making, asset management, securities trading, corporate 
finance and market making [1]. At the company, one source of income is the distribution of so called 
structured products. A structured product is a market linked investment usually created by composing 
securities into a pre-packaged investment form. Mangold focuses on distributing structured products 
such as auto-callable structured products, equity-linked bonds and accelerated trackers. In general, 
these products are created and issued by some large international investment bank. Thus, Mangold’s 
task is to re-distribute the products. The underlying assets are usually stocks but can also be foreign 
currencies, commodities or interest rate instruments. These products are available for members of 
NASDAQ OMX Nordic Stockholm. 

Mangold are interested in evaluating and product test the issued products distributed by them 
according to guidelines set up by the European securities and market authority [2]. An evaluation 
should involve product testing according to guidelines set up by the ESMA for each product distributed 
by Mangold. For the moment there are not enough resources at Mangold for such a study, resulting in 
an opportunity for us to carry out this task.  

 

1.1 Objective description 
 

The objective is to test the structured products distributed by Mangold Fondkommission AB (launched 
in November 2014). In addition, these practices should serve as a good template for similar tests of 
other structured products. From an academic point of view, the impact of property changes for an 
auto-callable structured shall also be included in the study.  

When product testing, one estimates risk measures by simulating future scenarios, compare historical 
and expected outcomes and overall investigates how the product tends to behave. This information is 
important when choosing the structured products to distribute. Hence, the results can be used for 
comparing different products. 

The objective is formulated by Quoc Duong, the Head of Risk at Mangold Fondkommission AB, and 
involves product testing, according to the guidelines set up by ESMA, for each structured product in 
Mangold issue 7, 2014. Thus, Mangold has interest in evaluating the risk- and reward profile for the 
products.  

The structured products tested in this study are [3]; 

 equity-linked bond global consumption 2 

 autocall combo Swedish corporations accumulating 12+/- 

 autocall Swedish corporations monthly coupon accumulating +/- 

 autocall GreenTech low trigger accumulating 3 

 autocall combo oil services +/- 

 accelerated tracker plateau plus Volvo 3 

 accelerated tracker plateau plus H&M 

 accelerated tracker plateau plus Sandvik  

 

1.2 Purpose and limitations 
 

Product testing involves an estimation of risk measures and expected return. The purpose is to allow 
for an investor to interpret the results, read the conclusions and use it for better understanding of the 
risk and reward profile for the structured products. It has been reported that many retail investors do 
not properly understand the drivers of risk and return concerning structured products. This issue may 
result in unexpected losses for investors which could lead to a lack of confidence against 
manufacturers and distributors of these products and, in a broader context, in financial markets. In 
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2014, ESMA issued an opinion concerning certain practices that should be included when product 
testing structured products. Not only does this opinion enhance customer protection, but it also serves 
as a helpful tool for supervisory authorities [2]. 

The content of this study will focus on all products in Mangold’s issue 7 except for the equity-linked 
bond Swedish Corporations USD. Since this product never launched, it is ignored in the study.   

Concerning the ESMA opinion, practices like estimating liquidity and operational risk are also 
mentioned. However, this is ignored in the paper due to time limitations and the lack of necessary 
data. 

 

1.3 Corporate information 
 

Mangold Fondkommission AB is an independent broker operating within asset management, market 
making, corporate finance, securities and issuing situated in Stockholm, Sweden. Mangold is a 
certified adviser and one of the market leading liquidity providers. The company is under supervision 
of the Swedish FSA (Finansinspektionen) and members of the Stockholm stock exchange, NASDAQ 
OMX Nordic, AktieTorget and Nordic Growth Market and derivative member of NASDAQ OMX 
Stockholm. In addition, Mangold is also clearing member and issuing institute at Euroclear Sweden 
[1].  

 

1.4 Outline 
 

In chapter 2, we describe the history of structured products, their properties and potential upside and 
downside. Hence, the reader learn about their character and how they are constructed. To fully 
understand the return possibilities, the structure of each product type is presented mathematically and 
graphically.  

In chapter 3, we briefly explain the relevant risk measures.  

To understand how the model is built, we go through all the keystones involved in constructing our 
real world economic scenario generator in the method part, chapter 4.1-4.3. This part begins with a 
description of how stock paths are simulated with a geometric Brownian motion. The next steps 
explain how the different parameters in the geometric Brownian motion are received. In addition, all 
simulations are done in MATLAB.  

After the models have been constructed, we backtest them so that our forecasts are “accepted”. This is 
done by testing how many times the model violates the daily value at risk in the backtesting part, 
chapter 4.4. Thus, we confirm that the model is accurate enough.  

From a risk management point of view, it may be interesting for an investor to know how certain 
products are expected to perform under stressed conditions. This is explained in the stress testing part, 
chapter 4.5.  

Since there is a possibility of issuers defaulting during the life span of the product, we explain how this 
risk is assessed and approached in the model in chapter 4.6.  

After these practical studies, we go through the properties of each structured product investigated. 
This is found in the product information part in chapter 5. 

Finally, we present the received results both numerically and graphically. Here, all information that 
has led to our conclusion can be found in chapter 6. 

The conclusion part covers the most important discoveries received in the study. This is presented in 
chapter 7. 
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2. Structured products 
 

During the past two decades, structured products have grown very popular among both large and 
private investors. These products are synthesized financial derivatives with the ability of meeting 
demands that standard financial derivatives cannot. The definition of structured products is quite 
vague and often involves many things related to new innovations on financial markets. In general 
though, structured products are prepackaged instruments created by combining derivatives with 
bonds, shares, indices and commodities. Further, structured products are contingent upon price 
movements for the underlying assets linked to the investment. 

In the beginning of 1990s, investment banks looked for possibilities to attract new investors to 
financial markets. New innovations where necessary for facilitating complex risk- and return 
objectives among investors. Hence, the birth of structured products took place [4]. Nowadays, they are 
commonly used for diversification, yield enhancing or as hedging tools. Structured products are SEC-
registered in the U.S which means that they are as easily accessed by retail investors as stocks, bonds, 
exchange traded funds or mutual funds. In general, the products are issued by investment banks and 
sold to retail clients and financial institutions that redistribute them to investors. 

Structured products can be capital protected or not capital protected. A capital protected contract 
guarantees the holder to receive at least a nominal amount at maturity. In opposite, for products with 
no capital protection, there is no such guarantee and the holder is exposed to more risk. An important 
issue that investors must comprehend is that capital protection does not always guarantee the nominal 
given a depreciation at maturity. Since the issuer may default during the lifespan of the product, the 
holder is only 100% guaranteed to a certain amount of the nominal. This amount is determined by the 
recovery rate for the issuer at the time of default. We will come back to this later in the paper.  

In this part, we will further dig in to the world of structured products where different products and 
their behavior will be examined. 

 

2.1 Equity-linked bond 
 

In general, an equity-linked bond is capital protected. Together with this guarantee, the products also 
provides an upside exposure generated by some risky asset linked to an underlying equity. Hence, the 
payoff is contingent upon price changes of the underlying equity. Because of the guarantee, the 
product is suitable for investors that prefer controlled risk with upside potential.   

The standard equity-linked bond is created by combining a zero coupon bond and a European call 
option. The option provides upside exposure to the underlying equity and the zero coupon guarantees 
the nominal amount. Until maturity, the zero coupon bond accretes from its discounted value to par 
value i.e. the nominal amount. The difference between the discounted value (the bond price) and the 
par value is used for purchase of the option. Further, the payoff at maturity equals the nominal plus an 
equity-linked coupon (see example 2.1.1). This process allows for capital protection since the nominal 
amount is guaranteed at maturity.  

At maturity, the holder receives the nominal plus any payoff from the equity-linked option. If the 
underlying equity is traded below an agreed upon strike price, the option is worthless and the payoff 
equals the nominal. In opposite, if the underlying equity is traded above the strike price, the payoff 
equals the nominal plus an equity-linked coupon. The value of the equity-linked coupon is calculated 
by multiplying the nominal with the participated upside.   
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The participation is determined by the amount invested in the risky part and measured by the 
participation rate. The participation rate is an adjustable parameter where different contracts may 
demand different levels of participation. A higher participation rate requires a larger amount to be 
invested in the risky part. Thus, the holder will be exposed to more risk but may receive a higher yield. 

In this thesis, we will evaluate an equity-linked bond with 8 equally weighted assets. In addition, the 
payoff is based on the mean index return from 13 observation dates (including maturity).   

 

2.1.1 Payoff structure 

 

Single underlying equity 

 

The payoff for an equity-linked bond is the nominal plus any additional return from the equity-linked 
option.  

The return for the underlying equity   from an agreed upon strike price is calculated as  

   
  
  

 

where    is the underlying’s price at maturity and    the initial price. 

The payoff at maturity,     is given by 

    
                       

                                                     
  

where   is the nominal and    the participation rate. 

As we can see, the payoff equals the nominal if the underlying equity is traded below strike price  .  

Example 2.1.1 An investor invests $2,000 in an equity-linked note and the initial price of the 
underlying asset is $2,500. Further, the investor participates in 100% of the upside from $2,500. At 
maturity the risky asset has appreciated to $3,750, a 50% increase. The coupon paid at maturity will 
therefore be $1,000 (100% × 50% × $2,000) and the final payment $3,000 ($1,000 + $2,000). 

Figure 2.1 – The development of an equity-linked bond between issue date t and maturity T. 
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Multiple underlying equities 

 

The payoff for an equity-linked bond with several underlying equities is based on the mean return of 
these equities.  

The mean return for the underlying equities is calculated as 

    
 

 
 

    

    
 

 

where      is underlying equity  :s price at maturity   and      the initial price. 

Hence, the payoff at maturity,   , is calculated as 

    
                         

                                                      
  

where   is the nominal and    the participation rate. 

 

2.1.2 Opportunity cost 
 

Even though these types of products are capital protected, an opportunity cost arises with them. If you 
consider the previous example, the investor could instead invest the $2,000 in a risk free asset with a 
fixed yearly return.  

 

Example 2.1.2 If the investor chooses to put $2,000 in US Treasury bills with a 4% yearly return, 
the investor will then receive $2,433 at maturity. This indicates that the return from the equity-
linked bond must be higher than $433 for the contract to become more profitable. If the return from 
the equity-linked bond is less than $433, the holder has lost the use of the equity-linked bond. In other 
words, the opportunity cost can be seen as the foregone risk free rate of return that could have been 
received. 

2.1.3 Product information equity-linked bond 
 

In this study, we test one equity-linked bond named Global consumption 2. 

2.1.3.1 Equity-linked bond global consumption 2 

 

This equity-linked bond is based on a basket of the 8 companies: Hennes & Mauritz, Nestlé, 
McDonalds, Zurich Insurance Group, Shell, Kraft Foods, Procter & Gamble and Glaxosmithkline. The 
equity-linked bond has a participation rate of 1.6 (at least 1.2), is subscription offered at a 100% 
(excluding brokerage fee) and the brokerage fee is 2% of the nominal amount. Further, the product is 
principle protected to 90% but the brokerage fee is not covered by the protection. The principle 
protection is decided and calculated in Swedish kronor which mean that the issuer undertakes the 
obligation to pay at least 90% of the nominal amount at maturity independent of foreign exchange rate 
and performance of the underlying assets.  

All information is shown in the table below. 
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Underlying assets H&M, Nestlé, McDonald’s, Zurich insurance group, 
Shell, Kraft Foods, Procter & Gamble, Glaxosmithkline 

Indicative participation rate 1.5 
Principle protection 90% of the nominal amount at maturity 
Foreign exchange rate risk Expected return is exposed to EUR 
Duration  3.5 years 
Average closing price 12 months (13 observation dates) 
Issuer Société Générale (S&P: A / Moody’s: A2) 
Subscription rate  100% (excluding brokerage fee) 

Table 2.1 – Equity-linked bond global consumption 2. 

 

 

2.2 Auto-callable structured products 
 

There are many different auto-callable structured products, some that involves a single underlying 
equity and others that involve several. Firstly, we will discuss the basic concepts of an auto-callable 
that involves a single underlying equity and later we will deal with those involving several underlying 
assets and more complex payoff structures.  

One of the characteristic features of an auto-callable is that it has the ability to auto-call prior to the 
maturity date. In other words, the auto-callable does not have a fixed expiry date.   

In general, the auto-callable is linked to several underlying equities and the price of these, at 
observation dates, determines if the auto-callable expires prior to maturity date. If all underlying 
assets are traded above the auto call barrier at an observation date, the auto-callable redeems and the 
holder receives no further payments. At expiry, the auto-callable pays the nominal plus any 
accumulated coupons received during the life span of the product.  

If the underlying equities are traded above the coupon barrier at expiry, an accumulated coupon is 
received for each observation date. Each coupon is a fixed amount determined by the coupon rate; a 
percentage of the nominal.  

Unlike the equity-linked note, the auto-callable note is not capital protected. In theory, this implies 
that the entire invested amount can be lost. The holder may experience a loss if one of the underlying 
equity is traded below the risk barrier at maturity. The extent of the loss is based on the depreciation of 
the worst performing underlying equity traded below the risk barrier. For example, if that asset has 
depreciated 50% at maturity and the risk barrier is 60%, the amount received at maturity will be 50% 
of the nominal plus any coupons that previously might have been obtained. In that sense, the product 
is capital protected since, for the whole amount to be lost, the underlying equity must depreciate to 
0%.  

In this thesis we will also evaluate auto-callable structured products that involves so called “combo 
coupons”. These coupons differs from ordinary coupons because they are paid independently of the 
underlying’s price is at maturity. Thus, a combo coupon is only paid one for each time the underlying’s 
price has been observed above the combo barrier at an observation date. Hence, combo coupons 
reduces the risk of the product.  

Some auto-callable structured products have their coupon barrier and auto call barrier agreed upon 
the same level. If so, the product is called an auto-callable with knock-out coupons. The coupons are 
then paid when the product redeems, given that the auto-call barrier has been breached at an 
observation date. In opposite, there are auto-callable structured products with knock-in coupons, 
where the auto-call barrier is above the coupon barrier. For those products, the coupons accumulate 
until expiry.  
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2.2.1 Payoff structure 
 

Let 

   Coupon rate 

    Auto call barrier 

   Coupon barrier 

   Risk barrier 

 

Single underlying equity 

 

Let the observation dates be denoted by:              

For each         let     be the return of   at time   , i.e. 

    
   

  
 

Let    be the expiry date, i.e. 

                          

and   be the number of observation dates until expiry, i.e.  

                        

and   be the number of observation dates that the return of   has been noticed above the coupon 
barrier    at an observation date, i.e. 

            

 

 

 

An accumulated coupon is paid out for each observation date given that the return on   at expiry date 

   is larger than the coupon barrier   . Otherwise, if the return is less than the coupon barrier at expiry, 
a coupon is paid for each time the return of   has been noticed above the coupon barrier at an 

observation date. Let     be the total coupon payment at expiry    i.e. 

     
                 
                

  

where   is the nominal. Notice that if the product expires prior to maturity date (i.e. auto calls), the 
return     is larger than   .  

The total payoff     at expiry is calculated by 

     

                                                                                                          

                                                                                 
                                                                                          

  

 

Multiple underlying equities 

 

For each           and            let       be the return of asset   at time   , i.e. 
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Let      be the return on the worst performing asset at time    given by 

                

and    be the expiry date, i.e. 

                           

and   be the number of observation dates until expiry, i.e. 

                         

and   the number of observation dates that the return on the worst performing asset has been noticed 
above the coupon barrier   , i.e. 

             

 

 

 

An accumulated coupon is paid out for each observation date given that the return on the worst 

performing asset      is above the coupon barrier    at expiry date   . Otherwise, if the return on the 

worst performing asset is less than the coupon barrier, a coupon is paid for each time the worst 
performing asset has been traded above the coupon barrier at an observation date. Let     be the total 

coupon payment at expiry    i.e. 

     
                 
                

  

and     be the total payoff at expiry, i.e. 

     

                                                                                                          

                                                                                 
                                                                                          

  

 

Example 2.2.1 The investor has a long position in an auto-callable with one underlying equity, 
maturity set to 5 years, risk barrier at 50%, coupon barrier at 75% and auto call barrier on 120%. In 
addition, the nominal is $10,000, coupon rate 8% and the observation dates take place annually. 
Given these parameters, different scenarios that might take place are presented in the figures below.   
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Figure 2.2 – At year 3, the underlying equity is traded above the auto-call barrier. The product then expires and the 
holder receives accumulated coupons, one for each year prior to this date. The accumulated coupons totals $2,400 
(8%×$10,000×3) and the holder will receive a total payoff of $12,400 and all further payments are cancelled. Thus, the 
effective rate of return equals 7.43%. 

 

Figure 2.3 - After year 5, the underlying’s price is below the auto-call barrier but above the coupon barrier. The product 
matures and the holder receives accumulated coupons that totals $4,000 (8%×$10,000×5) and the nominal amount i.e. a 
total payoff of $14,000. Thus, the effective rate of return equals 6.96%  
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Figure 2.4 - After year 5, the underlying equity has depreciated 55% but has been traded above the coupon barrier at 3 
observation dates. The holder then receives 45% of the nominal i.e. $4,500 plus one coupon for each time the 
underlying’s price has been noticed above the coupon barrier i.e. $2,400 (8%×$10,000×3). Hence, the total amount the 
holder receives is $6,800. The effective rate of return equals -7.42%.  

Figure 2.5 - After year 5, the underlying equity is traded below the coupon barrier but above the risk barrier but has been 
traded above the coupon barrier at 3 observation dates. The holder then receives the nominal amount $10,000 plus 3 
coupons. Thus, the total amount received by the holder is $12,400 ($10,000+$2,400) and the effective rate of return 
equals 4.4%. 
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2.2.2 Product information auto-callable structured products 
 

In this study, we test 4 auto-callable structured products named Combo Swedish Corporations yearly, 

Combo Swedish Corporations monthly, GreenTech Low Trigger and Combo Oil Services. 

2.2.2.1 Auto-callable combo Swedish Corporations accumulating yearly 12+/- 

 

This product is for investors that expect all underlying stocks to perform neutral or positive during a 5 
year time period. If all underlying assets are noticed above 90% of the initial price at some of the 
observation dates, the product redeems and a coupon of 10% plus any accumulated coupons are paid. 
If the worst performing underlying asset stays below 90% but above the combo barrier at 60%, a 
combo coupon of 10% is paid and the product proceeds. The risk barrier is at 60% of the initial value 
so the product is protected against a 40% depreciation of the worst performing asset. 

All information is shown in the table below. 

 

Underlying assets AstraZeneca, Tele2, Swedish Match, Electrolux 
Indicative accumulated coupon 8.1% 
Indicative combo coupon 8.1% 
Auto call barrier 90% 
Combo barrier 60% 
Risk barrier 60% 
Duration 1-5 years 
Issuer The Goldman Sachs Group Inc. 

(S&P: A / Moody’s: A2) 
Subscription rate 100% (excluding brokerage fee) 

Table 2.2 – Autocall combo Swedish corporations accumulating 12+/-. 

 

2.2.2.2 Auto-callable Swedish Corporations monthly coupon accumulating 

 

This product is for investors who expects that all underlying assets will develop neutral or positive 
during the next five years. Whenever the prices of all underlying assets are noticed on or above 100% 
of the start price, at any of the monthly observation dates, the product redeems prior and the nominal 
together with an indicative 1% coupon plus any accumulated coupons. In those cases when the 
underlying’s price is noticed above or on 75% of the start course at any of the observation dates, an 
indicative 1% coupon is paid plus any accumulated coupons and the product proceeds to next 
observation date. The risk barrier protects against a depreciation, at maturity, of 40%.  

All information is shown in the table below. 

 

Underlying assets AstraZeneca, Tele2, Swedish Match, Electrolux 
Indicative accumulated coupon  0.85% 
Auto call barrier 100% 
Coupon barrier 75% 
Risk barrier 60% 
Duration 0.75-5 years 
Issuer The Goldman Sachs Group Inc.  

(S&P: A / Moody’s: A2) 
Subscription rate 100% (excluding brokerage fee) 

Table 2.3 – Autocall Swedish corporations monthly coupon accumulating. 
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2.2.2.3 Auto-callable GreenTech low trigger accumulating 3 

 

This product is for investors who expects that all underlying assets will develop neutral or positive 
during the next three years. Whenever all underlying assets are noticed on or above 60% of the start 
price at any of the yearly observations dates, the product redeems prior and the holder receives the 
nominal together with an indicative coupon of 20% plus any accumulated coupons. The risk barrier 
protects against a depreciation of 50% at maturity. 

This autocallable structured product is considered an investment of high risk character and Mangold 
Fondkommission recommends that the product represents a fraction of one diversified portfolio. 

All information is presented in the table below. 

 

Underlying assets Cree, Tesla Motors, Canadian Solar, Sunpower 
Indicative accumulated coupon 20% 
Auto call barrier 60% 
Coupon barrier 60% 
Risk barrier 50% 
Duration 1-3 years 
Issuer Société Générale 

(S&P: A / Moody’s: A2) 
Subscription rate 100% (excluding brokerage fee) 

Table 2.4 – Autocall greentech low trigger accumulating 3. 

 

2.2.2.4 Auto-callable combo Oil Services 

 

This product is for investors who expects that all underlying assets will develop neutral or positive 
during the next five years. In those cases when the prices of all underlying assets are noticed above or 
on 80% of the start price, at any of the observation dates, the product redeems prior and the holder 
receives the nominal together with an indicative coupon of 25% plus any accumulated coupons. 
Whenever the worst performing asset is noticed below 80% of the start price but above or on 50% of 
the start price, at any of the yearly observation dates, the holder receives a combo coupon of 8% and 
the product proceeds. The risk barrier protects against a depreciation, at maturity, of 50%. 

This autocallable structured product is considered an investment of high risk character and Mangold 
Fondkommission recommends that the product represents a fraction of one diversified portfolio. 

All information is presented in the table below. 

 

Underlying assets Transocean, Baker Hughes, Schlumberger, Seadrill 
Indicative accumulated coupon 20% 
Indicative combo coupon 6% 
Auto call barrier  80% 
Combo barrier 50% 
Risk barrier 50% 
Duration 1-5 years 
Issuer Société Générale 

(S&P: A / Moody’s: A2) 
Subscription rate  100% (excluding brokerage fee) 

Table 2.5 – Autocall combo oil services +/-. 
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2.3 Accelerated tracker 
 

An accelerated tracker is suitable for investors that desire an upside exposure combined with a 
downside safety limit in case of a depreciation of the underlying equity. Since the product is not capital 
protected, the holder may experience a loss. However, a loss demands that the underlying’s price have 
depreciated below a certain risk barrier. In that sense, the holder is protected against downside 
movements since the holder is guaranteed the nominal amount as long as the underlying’s price stays 
above the risk barrier. The product provides the holder leverage upside potential determined by the 
participation rate of the contract. In case of appreciation in the underlying’s price, the payoff equals 
the nominal plus the participation rate times the appreciation. In general, the appreciation of 
underlying’s price, for which the holder is affected, is limited by an upside barrier i.e. the plateau level. 
This barrier is predetermined and limits the leveraged payoff possible for the holder to receive. 

Example 2.3.1 The participation rate provides leverage potential, given an appreciation of the 
underlying asset. However, the leveraged payoff has a limit. For example, if an accelerated tracker 
has a plateau level of 125% and a participation rate of 2.4 then the leveraged upside is limited by 
160%. Thus, if the underlying asset appreciates 30% until maturity, the total payoff equals 160%. For 
the holder to receive a higher payoff than 160%, the underlying asset must appreciate more than 
160%. As illustrated in the figure below, the holder is also protected against a depreciation in the 
price of the underlying asset down to a certain level. From the figure, we can see that this level is at 
75% i.e. a depreciation of 25%. In that case, the holder receives the nominal of 100%. 

Common for all accelerated trackers is that they are dependent on the risk barrier. If the underlying 
equity is traded below this barrier, the loss is based on the worst performing underlying equity. 
Further, all contracts involves a participation rate and positive payoffs can only be received if the 
underlying’s price has appreciated from the initial price.  

For some accelerated trackers, the payoff is dependent on the underlying’s price at observation dates 
prior to maturity. For these dates, the average return is calculated and multiplied by the participation 
rate. In those cases, high shifts in the underlying’s price close to maturity will not have the same 

impact. Apart from this major difference, accelerated trackers are offered in many different shapes. 

Some accelerated trackers include a coupon, a fixed payment apart from the participated appreciation. 
As for auto-callable structured products, these coupons may require that the underlying equity is 
traded above a certain barrier. However, for some accelerated trackers, coupon payments may take 
place on predetermined dates unconditional to the underlying’s price throughout the life span of the 
product. The coupons serve as an extra payoff to the total received at maturity. 

Another form is the high end accelerated tracker where the payoff is determined by the highest 
observed price of the underlying equity. Throughout the life span of the product, the underlying’s price 

Figure 2.6 – The payoff for the accelerated tracker given the underlying’s development until maturity. The black line 
represents the underlying’s development and the green, yellow and red represents the payoff for the accelerated 
tracker. 
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is observed on certain dates and at maturity, the highest observed price is multiplied with the 
participation rate.  

Some accelerated trackers allow for very high participation rate and are offered with something called 
an interest rate booster. For these products, the underlying’s return is adjusted by interest rate 
changes. The interest rate, for which the return on the product is dependent, is chosen by the issuer. 
Further, an increase in the given interest rate would have a negative effect on the products payoff.  

There are also accelerated trackers with the ability of giving the holder an advantage by observing the 
underlying’s price throughout a period before issuance. Further, the lowest price that underlying 
equity is traded at, at one of these observation dates, is set to the initial value. Hence, starting at a low 
price may be advantageous for a product that benefits from an appreciation of the underlying equity.   

As mentioned above, there are many characteristics and functions among accelerated trackers. In 
general, a high participation rate will require a higher set risk barrier. Thus, the holder is exposed to 
more risk. Another issue that affects the risk being taken is the number of underlying equities linked to 
the product where more underlying equities reduces the risk being taken.  

In this thesis, we will evaluate accelerated trackers based on one underlying asset. In addition, their 
payoff is based on the underlying’s mean return during the last 13 months if the underlying’s price has 
appreciated until maturity. Thus, there are 13 observation dates (including maturity). Otherwise, if the 
underlying’s price has depreciated until maturity, the mean return is ignored. 

 

2.3.1 Payoff structure 
 

Let 

Participation rate     

Risk barrier      

Plateau level      

 

Single underlying equity 

 

The rate of return at maturity,   , for an underlying asset   is given by 

   
  
  

 

The payoff at maturity,   , for an accelerated tracker with one underlying asset is given by 

 

   

 
 
 

 
 
                                                                                            
                                                                                            

                                                               

                                                   

  

 

 

2.3.2 Product information accelerated trackers 
 

In this study, we test 3 accelerated trackers named accelerated tracker plateau plus Volvo 3, 

accelerated tracker plateau plus H&M and accelerated tracker plateau plus Sandvik. 
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2.3.2.1 Accelerated tracker plateau plus Volvo 3 

 

Accelerated tracker plateau plus Volvo 3 is offered a 102.5% subscription rate. The product is subject 
to a participation rate of 3.0 (at least 2.7) for an appreciation of the underlying asset until the plateau 
level. If the appreciation of the underlying asset exceeds the plateau level, the return will be the plateau 
multiplied with the participation rate. The products risk barrier is 75% of the initial value so the 
investment is protected against 25% downside shifts in the underlying’s price. If the underlying’s price 
has depreciated more than 25% at maturity, the holder will receive the nominal amount reduced with 
the percentage depreciation of the underlying’s price. The duration of the product is 5 years. 

All information is shown in the table below.   

 

Underlying asset Volvo B SS Equity (Sweden) 
Participation rate until plateau level 3.0 
Plateau 125% 
Participation rate after plateau level 1.0 
Risk barrier 75% 
Foreign exchange rate exposure No 
Duration 5 years 
Average closing price 12 months (13 observations) 
Issuer Royal Bank of Canada 

(S&P: AA-, Moody’s: Aa3) 
Subscription rate 102.5% (excluding brokerage fee) 

Table 2.6 – Accelerated tracker plateau plus Volvo 3. 

 

2.3.2.2 Accelerated tracker plateau plus H&M 

 

Accelerated tracker Plateau Plus H&M is offered at the subscription rate 102.5%. The investment is 
subject to a participation rate of 3.0 (at least 2.7) for an appreciation of the H&M B SS Equity 
(Sweden) until the plateau level. The investments return equals 100% of the start price at the plateau 
level 125%. If the index trend exceeds the plateau level, the return will equal the plateau multiplied 
with the participation rate or the index appreciation. The investment is not capital protected but has a 
risk barrier of 75% of the start price. If the index has depreciated with more than 25% at maturity, the 
holder will received the nominal reduced with the percentage depreciation of underlying’s price. The 
duration of the product is 5 years. 

 

Underlying asset H&M B SS (Sweden) 
Participation rate until plateau level 2.75 
Plateau level 125% 
Participation rate after plateau level 1.0 
Risk barrier 75% 
Foreign exchange rate exposure No 
Duration 5 years 
Average closing price 12 months (13 observations) 
Issuer Royal Bank of Canada 

(S&P: AA-, Moody’s: Aa3) 
Subscription rate  102,5% (excluding brokerage fee) 

Table 2.7 – Accelerated tracker plateau plus H&M. 

 

2.3.2.3 Accelerated tracker plateau plus Sandvik 

 

Accelerated tracker Plateau Plus Sandvik is offered at a subscription rate of 102.5%. The investment is 
subject to a participation rate of 3.0 (at least 2.7) for an appreciation of the Sandvik SS Equity 
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(Sweden) until the plateau level. The investments return equals 100% of the start price at the plateau 
level 133%. If the index trend exceeds the plateau level, the return will equal the plateau multiplied 
with the participation rate or the index appreciation. The investment is not capital protected but has a 
risk barrier of 75% of the start price. If the index has depreciated with more than 25% at maturity, the 
holder will received the nominal reduced with the percentage depreciation of underlying’s price. The 
duration of the product is 5 years. 

 

Underlying asset Sandvik SS Equity (Sweden) 
Participation rate until plateau level 3.0 
Plateau level 133% 
Participation rate after plateau level 1.0 
Risk barrier 75% 
Foreign exchange rate exposure  No 
Duration 5 years 
Average closing price 12 months (13 observations) 
Issuer Royal Bank of Canada  

(S&P: AA-, Moody’s: Aa3) 
Subscription rate  102.5% (excluding brokerage fee) 

Table 2.8 – Accelerated tracker plateau plus Sandvik. 

 

 

 

3 Risk Measures 
 

This part covers a basic description of the risk measures value at risk (VaR), expected shortfall and 
volatility. Thus, we recommend for the reader to have some prior knowledge on the topic. 

 

3.1 Value at Risk 
 

One of the most common risk measures in financial industry is value at risk (VaR). VaR measures the 
loss that will not be exceeded given a certain probability. It is a popular measure since it is easy to 
understand and explains the properties of the risk being taken with a single number. The question that 
VaR answers is: What level of loss will not be exceeded, with probability  , within   days? 

There are not much theory about what probability that should be used for a given VaR-estimation. One 
question that should be answered is: At what probability does one considerably large loss occur? The 
answer to this can deviate from company to company or what time horizon that is looked upon. In 
general, 99% and 95% are commonly used probabilities but for more long-rung risk analysis 
probabilities like 99.9% may occur [5].  

From the figure below we can see that, with a probability of 0.05, the loss may exceed 26.67%. In other 
words, with a probability of 0.95, the loss will not exceed 26.67%. Hence, we say that the VaR95% equals 
26.67% for the given time horizon.  
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Figure 3.1 – The probability for each given return. 

 

3.2 Expected shortfall 
 

Expected shortfall (ES) is an alternative risk measure that estimates the expected loss when VaR is 
violated. In other words, expected shortfall investigates the whole tail of the distribution beyond the 
VaR-percentile. In general, there is a sample of returns that lies beyond the VaR-percentile and by 
calculating the mean return among these, one receives the expected shortfall. Hence, the question is: 
Given a violation of VaR, how much can we expect to lose? And the answer to that is the expected 
return beyond the VaR-percentile [5]. 

The expected shortfall is given by 

                   

where   is the return and   is the probability specified in the VaR-measure.  

 

3.3 Volatility 
 

Volatility is a common used risk measure determined by price changes of an underlying asset over a 
period of time. It is proved that volatility varies over time, is autocorrelated and tends to cluster in 
time periods [7]. 

The fact that standard deviation fluctuates over time periods is called heteroscedasticity. In addition, 
clustering means that the extent of volatility changes tends to be the same during periods of time. For 
example, large price shifts are likely to be followed by further large shifts. Volatility is also 
autocorrelated meaning that today’s volatility is dependent on past volatility. 

 

4. Method 
 

In this part, the keystones for constructing a real world economic scenario generator are 
demonstrated. In general, the calibration period used for the estimation of GARCH (see p. 21) and 
DCC (see p. 22) parameters is based on the 10-year daily stock returns.  
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4.1 Stock path simulation 
 

In this part, we will go through some methods for forecasting future stock prices with one and several 
underlying assets. The problem of forecasting stock prices with several underlying assets is that the 
correlation between them must be taken into account. In the below section, forecasting future stock 
prices with geometric Brownian motion is presented. 

 

4.1.1 Geometric Brownian motion 
 

In general, it is assumed that stock prices follows a geometric Brownian motion. The asset price    
follows a geometric Brownian motion (GBM) if it satisfies the following stochastic differential equation 
(SDE): 

                     

      

where   is the drift term,   the volatility and    the “white noise” i.e. the Wiener process (Brownian 
motion). The parameters   and   are constant in a standard GBM. The left hand term       
determines the “trend” of the trajectory while the right hand term        determines the random 
noise.  

In order to solve for   , we use Itô’s formula [7] to receive 

      
   

 
 
         

 

4.1.2 Multidimensional geometric Brownian motion 
 

A multidimensional            for asset   with time steps           is given by 

            
    

 
 
  
      

where    is the drift term for asset   and    the volatility.  

The correlated random variable      is given by 

             . 

where   is the Cholesky factorized covariance matrix (See Cholesky factorization 4.1.3) and   is a 
normally distributed random variable         . This results in                       . 

 

4.1.3 Cholesky factorization 
 

In order to include correlation in the multidimensional GBMnce matrix and reduces the 
computational cost required. Cholesky factorization is a commonly used method due to superior 
efficiency and numerical stability.  

For several underlying assets we want to create          from one dimensional, independent       -
variables, given  . 

 

2-dimensions 
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How can                  be created? 

   
  
      

       
   

1. Start with two independent       -variables    and   . 

2. We want    to have variance   
 , so let        , 

           
           

     

3. To introduce dependency we let            

4. To match Ʃ  we need  

          
                       

              since    and    are independent. 

                                    
                   

This gives us 

 
         
        

   
     

        
   

so  

                                       

Note that  
  
  
   

   

         
  

  
  
  or      

and that      . 

We have performed a Cholesky factorization of Ʃ  i.e. found   such that       is satisfied. 

 

 

D-dimensions 

 

To create          one must 

1. Take            i.i.d with          from the vector   

   

  
  
 
  

          

2. Find a lower triangular     matrix   such that 

     , by solving the equation system 

 

    
      

  
  

  
      

    
    

  

      
    

    
    

  
  

  
    

   

  
         

         
  

    
 

  

3. Let      then          by “The linear transformation property” [7]. 
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4.1.4 The drift term 
 

One of the main differences between a Brownian motion and a GBM is that the GBM is controlled by a 
“trend”. For example if a great number of GBM:s are simulated, the graph is likely to strive towards 
some direction with some volatility. This trend or direction is determined by the drift parameter.  

In a risk neutral world, we use the risk free rate as the drift term   when simulating stock prices [7]. 
For simulation of stock prices under real world conditions, we use the mean return from the 
calibration period as the drift term  .  

 

4.2 Volatility forecasting 
 

In this paper, focus will lie on the dynamical conditional correlation (DCC) GARCH model. To 
understand this model, one must understand the concepts of prior models that have been used to 
forecast volatility. The DCC-GARCH is used for estimating the underlying’s volatility. The estimated 
volatility is later used for simulating stock prices with the GBM. In the model, we assume time 
dependent volatility. Thus, the volatility for each time step must be forecasted. 

When forecasting returns, it is essential to use a model that generates a reliable estimation of future 
volatility. In 1986, Tim Bollerslev proposed the univariate GARCH model [8]. This model proved to be 
good for estimating because it captured the properties of volatility. However, this model only looked at 
one underlying asset independent of the behavior among others. In financial markets, volatility for 
different assets tends to behave more or less similar due to correlation among them. This fact is 
ignored in the univariate GARCH model. 

When forecasting volatility for a portfolio with several assets, it is important to acknowledge the 
dependency among them. In order to calculate the covariance matrix, the univariate GARCH model 
required to be extended into a multivariate.  

Constructing a multivariate GARCH model can be relatively challenging because of “the curse of 
dimensionality” and the lack of positive semi-definiteness. The curse of dimensionality implies that, as 
the number of assets increase, the number of volatility terms drastically increases, which results in a 
high computational cost. Concerning positive semi-definiteness, one must also ensure that the 
variance is not negative, which can be challenging for many models. 

In 1990, Bollerslev proposed the constant conditional correlations (CCC) model, which divided the 
conditional covariance matrix into a conditional standard deviations matrix and a conditional 
correlations matrix. In addition, Bollerslev assumed that correlation is constant over time and only 
standard deviation varies. However, the assumption of correlation being constant over time turned out 
to be the models main defect [5]. 

In 2002 Engle proposed the dynamical conditional correlations model (DCC) in order to correct the 
CCC models defect. In this model, both conditional correlation and conditional standard deviation are 
assumed to be time-varying [8]. 

 

4.2.1 The ARCH     model 
 

In 1982, Engle proposed the autoregressive conditional heteroskedasticity (ARCH) model [5]. In this 
context, autoregressive implies that future returns will depend on previous prices of the underlying 
asset. The conditional means that the future volatility is conditional to volatility changes in the past 
and heteroskedasticity means that volatility tends to change over time. This ARCH(1) model with one 
lag states that the volatility of today is equal to a constant   plus yesterday’s squared returns times the 
model parameter  . We have 

  
         

  

where     
  is the yesterday’s squared returns.  
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The overall ARCH model, including    number of lags, is defined as: 

  
           

 

  

   

 

where  ,            are constants and     
  is the return at time    . 

However, this model had flaws due to high computational cost as a result of the high number of lags 
necessary for capturing the volatility structure [5]. 

 

4.2.2 The GARCH        model 
 

In 1986, Bollerslev introduced the generalized autoregressive conditional heteroskedasticity (GARCH) 
model [5]. This model solved the problem of long lag length required for a reliable volatility forecast 
with the ARCH model. Further, the GARCH model better captures the clustering behavior of volatility 
by tracking the mean variance for the whole time period. In the model, more recent volatility behavior 
has a higher impact on the forecasted volatility. This implies that large shifts are likely to be followed 
by large shifts and small shifts are likely to be followed by small shifts. 

The GARCH(1,1) model employs only one lag and is defined as: 

  
         

       
  

where   is the reaction parameter,   the persistence parameter and   ensures that   
  never vanishes 

(if    ) and determines the unconditional variance together with   and  . 

The overall GARCH model, including    and    number of lags is defined as: 

  
           

 

  

   

        
 

  

   

 

where         to ensure positive volatility and       to ensure covariance stationarity. 

 

4.2.2.1 Maximum likelihood estimation of GARCH parameters 
 

The parameters     and   are typically estimated with maximum likelihood estimation (MLE). The 
idea of maximum likelihood estimation is that, given a sample of returns, the parameters are chosen so 
that the “probability” of getting this sample is maximized.  

Let                be a sample of independent “draws” coming from a         distribution. We want 
to determine   and    so that the joint probability density function is maximized, i.e. 

                                                           
 

    
 
 

  
       

 

   

 

   

  

For the GARCH model, given a sample               , the density function                 is 
factored, which depends on     and   as: 

                                                   

Recall:          
        

     
 and then we use the fact that the conditional probability density functions are 

normally distributed  

                    
   

where   is a normally distributed random variable and   the information until today that    is 
contingent upon.  
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giving us the following likelihood function: 

               
 

           
       

  
     

 

 

  
 

       
       

  

 

   

 

Hence, the function is maximized so that the values on       are found. 

 

4.3 Forecasting time dependent correlation 
 

In order to build our model, we also must incorporate the dependency between stock returns. This 
dependency is determined by correlation, a parameter that tends to vary over time under real world 
conditions (similar to volatility) [9].  

 

4.3.1 The dynamical conditional correlation model (DCC) 
 

Unlike the constant conditional correlation (CCC) model, the dynamic conditional correlation (DCC) 
model demands that the conditional correlation matrix   is time dependent just as the volatility of 
stocks in   .  

According to the DCC model, the covariance matrix in time t is given by 

          

where    is a diagonal matrix with conditional volatilities. We have 

     

      

   
      

  

where      is modeled using standard GARCH(1,1) for each asset   by 

    
             

          
  

where      is the return of asset i at time t and   ,   ,    are the estimated parameters for asset i. 

The time dependent correlation matrix    is given by 

    

       
   

       
  

where       is the correlation between the first asset and asset k at time t.   

The correlation matrix    is time dependent and composed of a symmetric positive definite 
autoregressive matrix   . We have 

     
     

  

where    is given by  

                     
        

and   
  is given by 

  
         

 
 
  

Where   denotes Hadamard multiplication (element by element) with the identity matrix   . The 
matrix is illustrated below. 
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   is the column vector of devolatized returns given by  

   
     

      

Let           then   is the covariance matrix of devolatized returns given by 

  
 

 
     

 

 

   

 

The parameters   and   are estimated by maximum likelihood estimation (MLE) given the values of 
  ,   ,   . 

 

4.3.1.1 Maximum likelihood estimation of DCC parameters 
 

Let   be the number of assets. The likelihood function for      
   

   is 

      
 

         
   

         
    

 

 

   

 

where                            . 

     
       

 
        

 

 
                  

    
    

    
  

 

   

 

Ignoring the constant term, the equation can be re-written as 

      
 

 
                  

    
    

    
  

 

   

  
 

 
                      

    
    

     
    

   

 

   

 

Step 1.  

Set      

                      

  
 

 
              

    
     

    
   

 

   

  
 

 
            

   
    
 

    
  

 

   

     
 

 
          

   
    
 

    
  

 

   

 

 

   

 

   

 

Step 2. 

We now maximize                            given the values of                    . 
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4.4 Backtesting 
 

Today it is very common among banks to routinely compare historical and daily profits and losses with 
their own created financial models to gauge the quality and accuracy of them. Backtesting financial 
models is a way of comparing the models expected performance with historical outcomes and is useful 
when developing and introducing new models. As a tool, backtesting is a way of testing the quality of 
the financial model. The tool has become more important during the last years as the regulatory 
demands has increased. It is an area that constantly evolves as new improvements on accuracy and 
quality are made.  

As of today, it can sometimes be hard to distinguish accurate models from inaccurate ones because 
many banks apply different standards and backtesting comparisons.  

Choosing the best model for forecasting is an important issue but it can sometimes be hard to diagnose 
and compare different models. Key measures used in back testing is violation ratios. These ratios 
compare the number of VaR violations with expected values. According to the backtesting framework 
developed by the Basel Committee (1996) [10], the backtesting procedure typically consist of a periodic 
comparison between the daily VaR measure and the observed profit or loss each day i.e. the trading 
outcome. All but a fraction of the trading outcomes are then intended to be smaller than the VaR 
measure. The fraction of outcomes that are allowed to exceed this measure is determined by the 
confidence level, for example a 99% confidence level allows 1 out of 100 outcomes to be larger than the 
VaR measure. In other words, comparison between outcomes and the VaR measure simply means 
calculating the number of violations where only a fraction is allowed depending on the confidence 
level.  

Backtesting is useful for finding weaknesses in forecasting models, but not particularly informative 
about the reasons that cause the weakness.  

Let 

    Testing window length 

    Estimation window length 

         Number of observations in a sample 

         Indicates whether a VaR violation occurs (i.e.   =1) 

          Number of violations       and no violations       observed 

  in      

     Number of instances where   follows   in      

Assume we want to test a 1-day       -model for a certain index. The model can be based on moving 
average (MA), expected moving average (EWMA), GARCH or historical simulation. In this paper, 
focus lies on the GARCH approach. 

Example 4.4.1 

1. Choose a data sample from an index containing approximately 2500 observations for example the 
end of 2004 until the end of 2014.  

2. Select an estimation window,   , of 1000 days for example. 

3. Estimate        for day     ,              with GARCH 
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where      
        

      
  

4. Repeat step 3 by moving the estimation window one day forward each time. 

5. For each estimated VaR-number, check if it is violated by the return on that day. Let 

    
                           

                  
  

and define 

      
       

      

 

where    is the number of VaR-violations in the data sample (or test period). 

   
                             

                             
 

  
    

 

If              it is a “good forecast” otherwise if        or       , the model is considered to be 
imprecise [5]. 

 

4.5 Stress testing 
 

Stress testing is a common procedure that investigates how risk management systems would perform 
under extreme market conditions, for example a bank’s ability to survive large price drops in their 
assets. In this paper though, focus will lie on how Mangold’s structured products would perform under 
these conditions.  

For stress testing, there are two major approaches to choose between. Either scenarios are simulated 
or based on historical events. For example, one can use historical data from time periods where the 
market has experienced severe losses or create own customized crisis periods.  

An important issue to consider when stress testing is that correlation tends to increase during crises 
[11]. One of the advantages of using historical events is that the increased correlation is automatically 
taken into account.  

In the above list, one specific movement is dropping the equity index value with 10%.  If so, all equities 
will be fully correlated on that day but it may not have the desired impact (in our case) due to a low 
reaction and high persistence coefficient in the DCC-model. For those cases, manipulating the 
correlation by increasing it manually may be necessary.  

As indicated, stress testing can be approached in many different ways. In this thesis, an approach of 
combining historical events and simulations is used. From the historical returns during the time 
period July 2007-2009, the mean return is calculated and used as the drift term for stock price 
simulations. This results in a similar downshifting “trend” under stressed periods.  

Some of the underlying assets included in the models do not have data going back to the global crisis. 
In those cases, we use the average mean return (based on the stressed period) from the other 
underlying assets included in the model.  

Another issue that stressed periods may result in is an increase in the default probability among 
issuers. Thus, we are also simulating stressed scenarios where the issuer is downgraded by one letter, 
for example Aa to A (Moody’s). 

 

4.6 Credit risk 
 

Previously we have discussed risk measures like value at risk, expected shortfall and volatility. These 
are risks determined by market shifts and therefore they are classed as market risk. In this part, we 



31 

 

will discuss another important issue to consider when risk evaluating financial instruments i.e. credit 
risk. Credit risk arise from the probability that the issuer would default on its payments to the investor. 
These probabilities are divided into classes where each probability corresponds to a rating grade 
determined by a rating agency. In case of a default, the debts that is owed by an investor is recovered to 
some extent. The recovered amount is determined by the recovery rate.  

In this paper, the tested structured products are issued by three large investment banks. Since there 
exists a probability that they may default, that risk must also be evaluated and included in the model. 
The probability of default may not be large but in order to deliver honest information, this must be 
considered.  

 

4.6.1 Default rates 
 

The three major rating agencies are Moody’s, Fitch and S&P. These rating institutes describes the 
creditworthiness of corporate bonds. In Moody’s rating system the creditworthiness is divided into a 
scale where the best ranking is Aaa and the worst is C. After Aaa comes Aa, A, Baa and so forth. For 
S&P, the rating scale is similar to Moody’s except for the notations AAA, AA, A until C. For more 
precise ratings, Moody divides the Aa ratings into Aa1, Aa2, Aa3 and so on. Similar to Moody, S&P also 
divides into sub-ratings as AA+, AA, AA- and so forth. Each rating represents a probability of default, 
where the highest rating corresponds to the lowest probability of default. The average cumulative 
default rate for different term periods are shown in the table below. These rates are formulated by 
Moody’s based on default events during the years 1970-2006 [12].  

Term 
(years): 

1 2 3 4 5 7 10 15 20 

Aaa 0.000 0.000 0.000 0.026 0.099 0.251 0.521 0.992 1.191 
Aa 0.008 0.019 0.042 0.106 0.177 0.343 0.522 1.111 1.929 
A 0.021 0.095 0.220 0.344 0.472 0.759 1.287 2.364 4.238 
Baa 0.181 0.506 0.930 1.434 1.938 2.959 4.637 8.244 11.362 
Ba 1.205 3.219 5.568 7.958 10.215 14.005 19.118 28.380 35.093 
B 5.236 11.296 17.043 22.054 26.794 34.771 43.343 52.175 54.421 
Caa-C 19.476 30.494 39.717 46.904 52.622 59.938 69.178 70.870 70.870 
Table 4.1 – Default rates over the time period 1-20 years.  

In this paper, the structured products investigated are issued by three major banks; Royal bank of 
Canada, Goldman Sachs and Société Générale. These banks are rated Aa3, A2 and A2 which 
corresponds to default probabilities of 0.2753%, 0.472% and 0.472% over a time period of five years. 
Note that linear interpolation has been used when calculating the default probability for the Royal 
Bank of Canada. Similar, during a 3.5 year time period, the default probability for Goldman Sachs is 
0.282%. 

 

4.6.2 Recovery rate 
 

Given default for a company, the company is bound to pay its debt to those that the company is owed 
money. In general, some debts are valued more than other meaning that these debts have a higher 
priority of being paid. The recovery rate measures the portion of debt that the debtholder will receive 
in case of such event and is a percentage of the face value on a corporate bond issued by the company. 
The percentage is determined by the market value of the bond at the time of default. The recovery rate 
that the debtholder is entitled to is determined by the “class” of the corporate bond. Each class and 
their historical average recovery rate (in percentage) are presented in the table below. The recovery 
rates are collected from Moody’s (1982-2003) [7].  

Class Average recovery rate (%) 
Senior secured 54.44 
Senior unsecured 38.39 
Senior subordinated 32.85 
Subordinated 31.61 
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Junior subordinated 24.47 
Table 4.2 – Average recovery rates 1982-2003. 

As mentioned before, capital protection does not fully guarantee that the holder will receive the 
nominal at maturity. Since there is always a chance of default for the issuer, default- and recovery rate 
needs to be taken into account when risk measuring the products. When an issuer of structured 
products defaults, the holder of the structured product becomes an unsecured creditor of the issuer. 
Hence, issuers of the structured products studied in this paper are expected to recover 38.39% of the 
nominal in case of default [12].  

 

5 Results 
 

In this chapter, all results for the tested products are presented. To receive valid results, it is important 
to use a significant number of simulations when forecasting future performances among the 
underlying assets. The forecasts are based upon 500,000 simulations for accelerated trackers and 
400,000 for auto-callable structured products and the equity-linked bond (see appendix A). The 
simulations are done in MATLAB. 

 

5.1 Key measures and graphs for the accelerated trackers 
 

5.1.1 Accelerated tracker plateau plus H&M B 
The received result has been generated from 500,000 simulations given an investment of $10,250. For 
this product, the relevance of the recovery rate is also reviewed, where both 0% and 38.39% are used 
as the recovery rate for target- and historical mean drift.  

Daily drift  0.0156% 
(target drift) 

0.0444% 
(historical mean 
drift) 

-0.010129% 
(stressed drift) 

VaR 99% (rec. rate 38.39%) $7,256.51 $6,222.06 $8,086.98 
VaR 99% (rec. rate 0%) $7,435.15 $6,222.06 $9,043.29 
Confidence interval 95% 
(rec. rate 38.39%) 

[$7,241,77   
$7,271.23] 

[$6,193.28 
$6,255.50] 

[$8,073.32   
$8,098.96] 

95% Confidence interval  
(rec. rate 0%) 

[$7,414.12   
$7,457.55] 

[$6,193.28 
$6,255.50] 

[$8,928.44   
$9,250.71] 

Expected shortfall (recovery rate 
38.39%) 

$7,730.39 $6,736.28 $8,434.22 

Expected shortfall (recovery rate 0%) $8,513.67 $7,774.91 $10,207.99 
Mean payoff (recovery rate 38.39%) $12,815.17 $17,459.61 $9,414.59 
Mean payoff (recovery rate 0%) $12,804.85 $17,449.22 $9,377.74 
Median payoff (recovery rate 38.39%) $10,000 $16,875 $10,000 
Median payoff (recovery rate 0%) $10,000 $16,875 $10,000 
Mean return (recovery rate 38.39%) 25.03% 70.34% -8.15% 
Mean return (recovery rate 0%) 24.93% 70.24% -8.51% 
Median return (recovery rate 38.39%) -2.44% 64.63% -2.44% 
Median return (recovery rate 0%) -2.44% 64.63% -2.44% 
Mean effective rate (recovery rate 
38.39%) 

2.36% 9.25% -4.15% 

Mean effective rate (recovery rate 0%) 2.13% 9.03% -4.94% 
Median effective rate (recovery rate 
38.39%) 

-0.49% 10.49% -0.49% 

Median effective rate (recovery rate 0%) -0.49% 10.49% -0.49% 
Mean stock return  21.65% 74.97% -12.05% 
Probability of loss 50.50% 25.69% 73.04% 
Average loss (given a loss and recovery $2,576.79 $1,819.72 $3,544.79 
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rate 38.39%) 
Average loss (given a loss and recovery 
rate 0%) 

$2,597.24 $1,860.16 $3,595.25 

Probability of ending up below risk 
barrier 

26.46% 9.81% 49.32% 

Average loss (given below risk barrier 
and recovery rate 38.39%) 

$4,692.46 $4,365.95 $5,130.30 

Average loss (given below risk barrier 
and recovery rate 0%) 

$4,731.49 $4,471.88 $5,205.02 

Payoff percentiles: 
5% (recovery rate 0%) 
5% (recovery rate 38.39%) 
25% 
50% 
75% 
95% 
99% 

 
$4,269.07 
$4,269.07 
$7,310.87 
$10,000.00 
$16,875.00 
$23,908.73 

 
$6,158.40 
$6,158.40 
$10,000.00 
$16,875.00 
$20,406.96 
$33,183.61 

 
$2,973.09 
$3,144.21 
$5,241.54 
$10,000.00 
$11,732.38 
$17,788.96 
$25,230.26 

Table 5.1 – Key measures for accelerated tracker plateau plus H&M. 

 

Figure 5.1 – Payoff histogram AT H&M B with mean drift. 

Figure 5.2 – Payoff histogram AT H&M B with mean drift (zoom). 
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Figures 5.1 and 5.2 illustrate the payoff function for the product where a lot of outcomes is fixed to the 
nominal or maximum plateau level. Comparing figure 5.4 with figure 5.3, we can see how the payoff 
distribution is displaced to the left in a stressed economic environment.    

Figure 5.3 – Scatter plot of payoff and stock return for AT H&M B with mean drift. 

Figure 5.4 – Scatter plot of payoff and stock return for AT H&M B with stressed drift. 
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5.1.2 Accelerated tracker plateau plus Volvo B 
 

The received results has been generated from 500,000 simulations given an investment of $10,250. An 
expected average recovery rate of 38.39% has been used in the forecast.  

Daily drift 0.0156% 
(target drift) 

0.01829% 
(historical 
mean drift) 

0.01829% 
(historical mean 
drift with 
residual 
distribution) 

-0.2100% 
(stressed drift) 

VaR 99% $8,851.77 $8,799.88 $8,853.87 $10,181.24 
Confidence interval 
95% 

[$8,838.75 
$8,864.92] 

[$8,786.01 
$8,815.13] 

[$8,842.33 
$8,867.31] 

[$10,180.61  
$10,181.93] 

Expected shortfall $9,206.56 $9,166.28 $9,159.47 $10,200.25 
Mean payoff $12,512.56 $12,903.77 $12,892.05 $714.31 
Median payoff $10,000 $10,000 $10,000 $512.91 
Mean return 22.07% 25.89% 25.78% -93.03%   
Median return -2.44% -2.44% -2.44% -95.00% 
Mean effective rate -0.43% 0.23% -0.22% -44.39% 
Median effective rate  -0.49% -0.49% -0.49% -45.06% 
Mean stock return 21.70% 25.88% 26.44% -93.16% 
Probability of loss 58.69% 56.99% 58.20% 99.99% 
Average loss (given a 
loss) 

$3,880.27 $3,803.37 $4,000.37 $9,537.15 

Probability of ending 
up below risk barrier  

40.03% 38.29% 40.40% 99.96% 

Average loss (given 
below risk barrier) 

$5,573.93 $5,539.05 $5,665.75 $9,539.55 

Payoff percentiles: 
5% 
25% 
50% 
75% 
95% 
99% 

 
$2,515.56 
$5,425.06 
$10,000.00 
$17,500.00 
$29,555.39 

 
$2,613.61 
$5,614.90 
$10,000.00 
$17,500.00 
$30,533.27 

 
$2,423.74 
$5,274.41 
$10,000 
$17,500 
$32,024.37 

 
$130.69 
$299.24 
$512.91 
$874.75 
$1,945.66 
$3,839.00 

Table 5.2 – Key measures for accelerated tracker plateau plus Volvo B. 
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Figure 5.5 - Payoff histogram AT Volvo with mean drift. 

Figure 5.6 Payoff histogram AT Volvo with mean drift (zoom). 
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Figures 5.5 and 5.6 illustrates the payoff function for the product where a lot of outcomes is fixed to the 
nominal or maximum plateau level. Comparing figure 5.7 with figure 5.8, we can see how the payoff 
distribution is extremely displaced to the left in a stressed economic environment. The huge difference 
is explained by the poor performance of the Volvo B stock during the global crisis.  

   

Figure 5.7 – Scatter plot of payoff and stock return for AT Volvo B with mean drift. 

Figure 5.8 – Scatter plot of payoff and stock return for AT Volvo B with stressed drift. 
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5.1.3 Accelerated tracker plateau plus Sandvik 
 

The received results has been generated from 500,000 simulations given an investment of $10,250. An 
expected average recovery rate of 38.39% has been used in the forecast.  

 

Daily drift 0.0156% (target 
drift) 

0.01438% 
(historical mean 
drift)  

-0.1800% (stressed 
drift) 

VaR 99% $9,340.82 $9,348.04 $10,188.74 
Confidence interval 95% [$9,329.39 

$9,357.65] 
[$9,333.31 
$9,363.51] 

[$10,187.51  
$10,189.87] 

Expected shortfall $9,718.57 $9,166.28 $10,216.10 
Mean payoff $12,860.49 $12,677.52 $1,081.60 
Median payoff $10,000 $10,000 $778,92 
Mean return 25.47% 23.68% -89.45% 
Median return -2.44% -2.44% -92.40% 
Mean effective rate  -0.50% -0.78% -39.86% 
Median effective rate -0.49% -0.49% -40.28% 
Mean stock return 21.66% 19.84% -89.50% 
Probability of loss 59.08% 59.74% 99.90% 
Average loss (given a loss) $4,006.66 $4,041.55 $9,187.12 
Probability of ending up 
below risk barrier 

40.60% 41.43% 99.73% 

Average loss (given below 
risk barrier) 

$5,717.70 $5,733.09 $9,202.79 

Payoff percentiles: 
5% 
25% 
50% 
75% 
95% 
99% 

 
$2,204.58 
$5,296.84 
$10,000.00 
$19,900.00 
$29,476.86 

 
$2,169.81 
$5,216.11 
$10,000.00 
$19,900.00 
$29,069.18 

 
$165.93 
$442.09 
$778.92 
$1,336.08 
$3,008.74 
$4,924.30 

Table 5.3 – Key measures accelerated tracker plateau plus Sandvik. 
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Figure 5.9 – Payoff histogram AT Sandvik with mean drift. 

Figure 5.10 – Payoff histogram AT Sandvik with mean drift (zoom). 
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Figures 5.9 and 5.10 illustrates the payoff function for the product where a lot of outcomes is fixed to 
the nominal or maximum plateau level. Comparing figure 5.11 with figure 5.12, we can see how the 
payoff distribution is (as for accelerated tracker Volvo B) extremely displaced to the left in a stressed 
economic environment. The huge difference is explained by the poor performance of the Sandvik stock 
during the global crisis.    

Figure 5.11 – Scatter plot of payoff and stock return for AT Sandvik with mean drift. 

Figure 5.12 – Scatter plot of payoff and stock return for AT Sandvik with stressed drift. 
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5.1.4 Analyzing key measures and graphs 
 

For the accelerated trackers, one outperforms the others regarding some vital risk measures and 
upside performance. Notable is that the value at risk for the H&M B accelerated tracker is considerably 
lower and the payoffs for high percentiles are higher. This implies that even though less risk is taken, 
the probability of receiving a higher return is greater when historical mean drift is applied on the 
model. This can be explained by the relatively large historical returns for the H&M B stock during the 
calibration period compared to Volvo B and Sandvik. Thus, it might be naive to assume the same large 
positive trend in the future. This phenomenon does not occur when we instead test for the same target 
drift among all accelerated trackers. In those cases, the value at risk for the accelerated tracker H&M B 
is still less than the others but the probability of receiving higher returns is also smaller, an outcome 
that makes more sense than the results received from the historical mean drift assumption. An 
illustration of the huge difference in stock return outcomes for H&M B using a mean drift compared to 
a target drift can be found in appendix B. If we look at the average loss, it is rather small compared to 
the auto-callable structured products. This is explained by the fact that receiving the nominal amount 
at maturity is counted as a loss because $250 are, in those cases, foregone.  

Given the results, the drawn conclusion is that the H&M B accelerated tracker is the least risky product 
among the accelerated trackers.  

Under stressed conditions, we see that the accelerated trackers Volvo B and Sandvik are very 
negatively affected. The reason for this is that these two stocks had a lousy performance during the 
crisis. Hence, we receive a large negative drift term for stock path simulation.  

For the accelerated tracker H&M B, the significance of the recovery rate is also tested. Overall, we see 
that this rate does not have any considerably big impact on the results except for expected shortfall. 
This is explained by the relatively small probability of issuers defaulting. Under stressed conditions 
though, the probability of default increases. Thus, the value at risk is much more affected by the 
recovery rate in such environment.   
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5.2 Key measures and graphs for the auto-callables 
 

5.2.1 Auto-callable combo Swedish corporations 12+/- 
 

The received results has been generated from 400,000 simulations given an investment of $10,000. 
An expected average recovery rate of 38.39% has been used in the forecast.  

 

Daily drift 
(AstraZeneca, Tele2, 
Swedish Match, 
Electrolux) 

0.0156% 
(target drift) 

0.03337%, 
0.03702%, 
-0.00058%, 
0.04535%  
(historical 
mean drift) 

0.03337%, 
0.03702%, 
-0.00058%, 
0.04535%  
(historical 
mean drift 
with residual 
distribution) 

-0.00395%,  
-0.07439%, 
-0.00744%,  
-0.0834%  
(stressed drift) 

VaR 99% $8,690.73 $8,607.73 $8,542.87 $9,680.72 
Confidence interval 
95% 

[$8,674.63 
$8,706.24] 

[$8,594.06 
$8,623.18] 

[$8,526.35 
$8,560.63] 

[$9,677.11 
$9,684.24] 

Expected shortfall $9,033.60 $8,945.71 $8,898.54 $9,762.67 
Mean payoff $8,901.93 $9,349.23 $9,458.11 $3,800.55 
Median payoff $10,810 $10,810 $10,810 $2,648.27 
Mean return -10.98% -6.51% -5.42% -61.99% 
Median return 8.10% 8.10% 8.10% -73.52% 
Mean effective rate  -2.04% -0.46% -0.0945% -21.36% 
Median effective rate 5.77% 8.10% 8.10% -23.34% 
Mean index return 14.17% 28.05% 27.59% -31.15% 
Probability of loss 45.02% 38.33% 37.18% 87.23% 
Average loss (given a 
loss) 

$5,200 $5,271.61 $5,222.24 $7,330.91 

Probability of ending 
up below risk barrier 
(excluding default 
risk) 

44.56% 37.85% 36.70% 85.29% 

Probability of ending 
up below risk barrier 
(including default risk) 

45.02% 38.33% 37.18% 87.23% 

Payoff percentiles: 
5% 
25% 
50% 
75% 
95% 
99% 

 
$2,382.80 
$5,033.76 
$10,810 
$12,430 
$14,050 

 
$2,503.19 
$5509.48 
$10,810 
$12,430 
$14,860 

 
$2,588.67 
$5,681.11 
$10,810 
$12,430 
$14,860 

 
$614.22 
$1,563.55 
$2,648.26 
$4,434.78 
$10,810 
$14,050 

Mean time until expiry 3.6324 years 3.3846 years 3.3579 years 4.59 years 
Table 5.4 - Key measures for auto-callable combo Swedish corporations 12+/-. 
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Figure 5.13 - Payoff histogram AC Swe. Corp. years with mean drift. 

Figure 5.14 - Payoff histogram AC Swe. Corp. years with mean drift (zoom). 

 



46 

 

 

 

 

 

Figure 5.15 - Scatter plot of payoff and index return for AC Swe. Corp. years with mean drift. 

 

 

Figure 5.16 - Scatter plot of payoff and payoff year for AC Swe. Corp. years with mean drift. 
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Figures 5.13 and 5.14 illustrates the payoff function for the product. If the outcome is that the worst 
performing underlying asset ends up below the risk barrier at maturity, the payoff will be less than 
$10,000. Otherwise, the payoff is dependent on how many coupons the product has generated. Figure 
5.16 illustrates payoffs depending on which year they occur, and it is obvious that the investor will 
profit if the product is auto-called before maturity (given no default for the issuer).  In Figures 5.15 and 
5.17 we can see what the payoff will be depending on the evolution of the underlying asset index, in a 
normal VS stressed environment. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.17 - Scatter plot of payoff and index return for AC Swe. Corp. years with stressed drift. 
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5.2.2 Auto-callable Swedish corporations monthly coupon accumulating 
 

The received results has been generated from 400,000 simulations given an investment of $10,000. 
An expected average recovery rate of 38.39% has been used in the forecast.  

 

Daily drift 
(AstraZeneca, Tele2, 
Swedish Match, 
Electrolux) 

0.0156% 
(target drift) 

0.03337%, 
0.03702%, 
-0.00058%, 
0.04535% 
(historical 
mean drift) 

0.03337%, 
0.03702%, 
-0.00058%, 
0.04535% 
(historical 
mean drift 
residual) 

-0.00395%,  
-0.07439%, 
-0.00744%, 
-0.0834% 
(stressed drift) 

VaR 99% $8,869.87 $8,775.70 $8,718 $9,691.20 
Confidence interval 
95% 

[$8,857.69 
$8,880.99] 

[$8,763.18 
$8,787.58] 

[$8,706.38 
$8,730.34] 

[$9,688.17 
$9,694.37] 

Expected shortfall $9,142.71 $9,050.64 $8,997.53 $9,768.70 
Mean payoff $8,194,87 $8,717.29 $8,819.37 $3,359.25 
Median payoff $10,765 $10,765 $10,765 $2,161.66 
Mean return -18.05% -12.83% -11.81% -66.41% 
Median return 7.65% 7.65% 7.65% -78.38% 
Mean effective rate  -3.48% -1.40% -1.05% -23.62% 
Median effective rate 1.49% 8.76% 8.84% -26.35% 
Mean index return 13.80% 26.69% 26.25% -31.05% 
Probability of loss 45.20% 37.94% 36.74% 87.46% 
Average loss (given a 
loss) 

$5,917.24 $5,980.88 $5,939.67 $7,771.62 

Probability of ending 
up below risk barrier 
(excluding default 
risk) 

44.74% 37.47% 36.27% 85.51% 

Probability of ending 
up below risk barrier 
(including default risk) 

45.20% 37.94% 36.74% 87.46% 

Payoff percentiles: 
5% 
25% 
50% 
75% 
95% 
99% 

 
$2,020.77 
$4,291.10 
$10,765 
$11,275 
$13,485 

 
$2,123.54 
$4,721.12 
$10,765 
$11,445 
$13,655 

 
$2,215.35 
$4,872.03 
$10,765 
$11,445 
$13,655 

 
$563.93 
$1,259.97 
$2,161.65 
$3,839 
$11,105 
$12,550 

Mean time until expiry 3.5574 years 3.2481 years  4.4978 years 
Table 5.5 – Key measures auto-callable Swedish corporations monthly accumulated. 
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Figure 5.18 - Payoff histogram AC Swe. Corp. months with mean drift. 

 

Figure 5.19 - Payoff histogram AC Swe. Corp. months with mean drift (zoom). 
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Figure 5.20 - Scatter plot of payoff and index return for AC Swe. Corp. months with mean drift. 

 

 

 

 

Figure 5.21 - Scatter plot of payoff and payoff month for AC Swe. Corp. months with mean drift. 
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Figures 5.18 and 5.19 illustrates the payoff function for the product. If the outcome is that the worst 
performing underlying asset ends up below the risk barrier at maturity, the payoff will be less than 
$10,000. Otherwise, the payoff is dependent on how many coupons the product has generated. If the 
product generates zero coupons, the payoff will equal the nominal amount. Comparing with Auto-
callable combo Swedish corporations 12+/-, it is obvious that there are a lot more possible outcomes 
for the upside. This is explained by the much higher amount of observation dates. Figure 5.21 
illustrates payoffs depending on which month they occur, and it is obvious that the investor will profit 
if the product is auto-called before maturity (given no default for the issuer).  In Figures 5.20 and 5.22 
we can see what the payoff will be depending on the evolution of the underlying asset index, in a 
normal vs stressed environment. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.22 - Scatter plot of payoff and index return for AC Swe. Corp. months with stressed drift. 
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5.2.3 Auto-callable GreenTech low trigger accumulating 3 
 

The received results has been generated from 400,000 simulations given an investment of $10,000. 
An expected average recovery rate of 38.39% has been used in the estimation. For this product, there is 
no data going back to the global crisis for the underlying assets. To solve this problem, we use a 
stressed drift based on the performance during the global crisis for the underlying assets in global 
consumption 2.  

 

Daily drift (Cree, Tesla 
Motors, Canadian Solar, 
Sunpower) 

0.0156% (target 
drift) 

-0.06%, 
0.09%, 
0.08%, 
0.21% (historical 
mean drift) 

-0.04% (stressed 
drift) 

VaR 99% $9,827.27 $9,710.91 $9,888.30 
Confidence interval 95% [$9,824.68 

$9,830.19] 
[$9,706.6 
$9,714.7] 

[$9,886.59 
$9,890.20] 

Expected shortfall $9,882.30 $9,799.17 $9,924.38 
Mean payoff $6,642.32 $7,522.04 $4,885.12 
Median payoff $3,839 $12,000 $1,945.71 
Mean return -33.58% -24.78% -51.15% 
Median return -61.61% 20% -80.54% 
Mean effective rate  -16.74% -10.48% -28.66% 
Median effective rate -27.32% 16.96% -42.05% 
Mean index return 7.88% 68.42% -19.26% 
Probability of loss 54.04% 46.58% 68.40% 
Average loss (given a loss) $8,238.41 $8,024.26 $8,537.77 
Probability of ending up 
below risk barrier (excluding 
default risk) 

53.83% 46.38% 67.48% 

Probability of ending up 
below risk barrier (including 
default risk) 

54.04% 46.88% 68.40% 

Payoff percentiles: 
5% 
25% 
50% 
75% 
95% 
99% 

 
$417.60 
$1,390.87 
$3,839 
$12,000 
$14,000 
$16,000 

 
$641.61 
$1,879.75 
$12,000 
$12,000 
$14,000 
$16,000 

 
$268.58 
$856.74 
$1,945.70 
$12,000 
$12,000 
$16,000 

Mean time until expiry 2.2215 years 2.0827 years 2.4461 years 
Table 5.6 – Key measures Auto-callable GreenTech low trigger accumulating 3. 
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Figure 5.23 – Payoff histogram for AC Greentech with mean drift. 

Figure 5.24 – Payoff histogram for AC Greentech with mean drift (zoom). 
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Figure 5.25 – Scatter plot of payoff and index return for AC Greentech with mean drift. 
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Figure 5.26 – Scatter plot of payoff and payoff year for AC Greentech with mean drift. 
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Figures 5.23 and 5.24 illustrates the payoff function for the product. If the outcome is that the worst 
performing underlying asset ends up below the risk barrier at maturity, the payoff will be less than 
$10,000. Otherwise, the payoff is dependent on which year the product is being auto-called. If the 
product isn’t auto-called but the worst performing underlying asset exceeds the risk barrier at 
maturity, the payoff will equal the nominal value. Comparing with the other auto-callable products, a 
potential profit is fixed to just three possible values. Figure 5.26 illustrates payoffs depending on which 
year they occur, and it is obvious that the investor will profit if the product is auto-called before 
maturity (given no default for the issuer). In Figures 5.25 and 5.27 we can see what the payoff will be 
depending on the evolution of the underlying asset index, in a normal VS stressed environment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.27 – Scatter plot of payoff and index return for AC Greentech with stressed drift. 
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5.2.4 Auto-callable combo oil services +/- 
 

The received results has been generated from 400,000 simulations given an investment of $10,000. 
An expected average recovery rate of 38.39% has been used in the estimation.  

 

Daily drift (Transocean, 
Seadrill, Baker Hughes, 
Schlumberger) 

0.0156% (target 
drift) 

-0.05327%, 
0.03807%, 
0.00372%, 
0.03496% 
(historical mean 
drift) 

-0.15%, 
-0.09%, 
-0.17%, 
-0.09% (stressed 
drift) 

VaR 99% $9,943.33 $9,943.33 $9,992.64 
Confidence interval 95% [$9,897.02 

$9,903.82] 
[$9,941.01 
$9,945.55] 

[$9,992.36 
$9,992.91] 

Expected shortfall $9,956.86 $9,975.49 $9,996.82 
Mean payoff $8,433.59 $7,063.85 $2,040.30 
Median payoff $12,000 $4,547.62 $7,774.84 
Mean return -15.66% -29.36% $-79.60% 
Median return 20% -54.52% -92.25% 
Mean effective rate  -2.34% -8.34% -37.08% 
Median effective rate 5.39% -14.58% -40.04% 
Mean index return 11.15% 10.32% -69.26% 
Probability of loss 44.94% 55.06% 90.28% 
Average loss (given a loss) $7,476.93 $7,839.77 $9,070.98 
Probability of ending up 
below risk barrier (excluding 
default risk) 

44.48% 54.60% 88.34% 

Probability of ending up 
below risk barrier (including 
default risk) 

44.94% 55.06% 90.28% 

Payoff percentiles: 
5% 
25% 
50% 
75% 
95% 
99% 

 
$624.33 
$2,532.17 
$12,000 
$12,000 
$17,200 
$21,200 

 
$366.19 
$1,638.18 
$4,547.59 
$12,000 
$16,000 
$19,800 

 
$48.81 
$271.88 
$774.84 
$1,588.73 
$12,000 
$14,600 

Mean time until expiry 3.867 years 3.5398 years 4.6318 years 
Table 5.7 – Key measures Auto-callable combo oil services +/-. 
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Figure 5.28 – Payoff histogram for AC Oil with mean drift. 

Figure 5.29 – Payoff histogram for AC Oil with mean drift (zoom). 
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Figure 5.30 – Scatter plot of payoff and index return for AC Oil with mean drift. 

Figure 5.31 – Scatter plot of payoff and payoff year for AC Oil with mean drift. 
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Figures 5.28 and 5.29 illustrates the payoff function for the product. If the outcome is that the worst 
performing underlying asset ends up below the risk barrier at maturity, the payoff will be less than 
$10,000. Otherwise, the payoff is dependent on the amount of coupons and combo coupons generated. 
For this product, there are a lot of possible upside returns. This is explained by the difference in the 
coupon rate and the combo coupon rate. Figure 5.31 illustrates payoffs depending on which year they 
occur, and it is obvious that the investor will profit if the product is auto-called before maturity (given 
no default for the issuer). In Figures 5.30 and 5.32 we can see what the payoff will be depending on the 
evolution of the underlying asset index, in a normal VS stressed environment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.32 – Scatter plot of payoff and Index return for AC Oil with mean drift. 
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5.2.5 Analyzing key measures and graphs 
 

Among the auto-callable structured products tested, GreenTech and Oil Services is considerably more 
risky than the others but provides a much greater upside exposure. The probability of loss is greater for 
these two but instead they provide much larger coupons. Hence, the possible return is limited by the 
risk aversion of the investor.  

Testing the auto-callable structured products under stressed conditions proves that they are very 
sensitive to such environment. In most cases, a very large loss occur even for higher payoff percentiles. 
This can be explained by the high probability of at least one underlying asset depreciating below the 
risk barrier and commonly with a great marginal. From the results, it is also evident that the value at 
risk for the riskier auto-callable structured products is higher because of the more volatile underlying 
assets.  

Concerning the auto-callable structured products tested, there are both differences and similarities in 
their risk- and reward profile. Common for those we have tested is that the holder advantage from a 
neutral to small positive development in the underlying assets. Comparing the product with the index 
return of the underlying asset may be misleading since the return is always dependent on the worst 
performing asset. Thus, a large appreciation in the return on the index can still be generated even 
though one of the underlying assets depreciates below the risk barrier. In addition, the return is not 
dependent on the largeness of the appreciation because of the fixed coupons. The fact that the upside 
is limited and the downside unlimited results in large negative returns and small positive returns. 
Hence, negative returns has a large impact on the mean return measure and a great difference between 
this measure and the median return may occur. Thus, even if a majority of the outcomes are positive 
returns, the mean return may be negative and cause a great difference between the measures.  

 

5.3 Key measures and graphs for the equity-linked bond  
 

5.3.1 Equity-linked bond global consumption 2 
 

A problem that occurred regarding this product was that one of the underlying stocks (Kraft Foods) 
had only been listed since fall, 2012. With limited amount of data, the DCC-model generates unreliable 
parameter values compared to running the model with more input data and ignoring Kraft Foods from 
the model. To solve this problem, the GARCH-parameters were calculated separately for all stocks and 
the DCC-parameters were generated from the rest of the underlying stocks, ignoring Kraft Foods. 
Instead of including Kraft Foods in the model for time dependent correlation, a constant correlation 
between the stock and the rest of the underlying assets has been used in the forecast for each day. By 
doing so, all correlations will be time dependent except for the ones including Kraft Foods. 

 

Daily drift (H&M B, 
Shell, Nestlé, 
McDonald’s, Procter & 
Gamble, 
GlaxoSmithKline, 
Zurich Insurance 
Group, Kraft Foods) 

0.0156% (target 
drift) 

0.04383%, 
0.01459%, 
0.03324%, 
0.04946% 
(historical 
mean drift) 

0.04383%, 
0.01459%, 
0.03324%, 
0.04946% 
(historical mean 
drift  with 
residual 
distribution) 

-0.01%, 
-0.1%, 
-0.02%, 
0.02%, 
-0.04%, 
-0.03%, 
-0.14%,  
-0.0457% 
(stressed 
drift, KRFT 
mean of the 
other) 

VaR 99% $1,000.00 $1,000.00 $1,000.00 $6,544.90 
Confidence interval 
95% 

[$1,000.00    
$1,000.00] 

[$1,000.00    
$1,000.00] 

[$1,000.00    
$1,000.00] 

[$6,544.90   
$6,544.90] 
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Expected shortfall $2,506.83 $2,601.09 $2,678.72 $6,544.90 
Mean payoff $11,232.35 $12,765.79 $12,771.42 $8,960.10 
Median payoff $10,583.60 $12,425.81 $12,416.74 $9,000.00 
Mean return 12.32% 27.66% 27.71% -10.40% 
Median return 5.84% 24.26% 24.17% -10.00% 
Mean effective rate  2.90% 6.70% 6.69% -3.17% 
Median effective rate 1.63% 6.40% 6.38% -2.97% 
Mean index return 12.84% 29.84% 30.13% -27.26% 
Probability of loss 41.46% 17.40% 18.25% 99.02% 
Average loss (given a 
loss) 

$865.74 $819.27 $836.26 $10.5923 

Payoff percentiles: 
5% 
25% 
50% 
75% 
95% 
99% 

 
$9,000.00 
$9,000.00 
$10,583.60 
$12,598.05 
$16,064.42 

 
$9,000.00 
$10,653.14 
$12,425.81 
$14,436.40 
$17,929.31 

 
$9,000.00 
$10,584.80 
$12,416.74 
$14,493.77 
$18,042.07 

 
$9,000.00 
$9,000.00 
$9,000.00 
$9,000.00 
$9,000.00 
$9,978.12 

Table 5.8 – Key measures for equity-linked bond global consumption 2. 

 

 

 

 

 

 

 

Figure 5.33 – Payoff histogram for ELB global consumption 2. 
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Figure 5.34 – Payoff histogram for ELB global consumption 2 (zoom). 

(zoom) 

Figure 5.35 – Scatter plot of payoff and index return for ELB global consumption 2 with mean drift. 
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Figures 5.33 and 5.34 illustrates the payoff function for the product. Not surprisingly, a lot of outcomes 
equals the guaranteed amount, which is always the case if the index of the underlying assets 
depreciates. In Figure 5.35 we can see what the payoff will be depending on the evolution of the 
underlying asset index. Notable is that the spread of the payoff increases as the index return increases. 
This is explained by the fact that the EUR/SEK exchange rate will have a higher impact on the payoff 
in these cases. Figure 5.36 illustrates the payoff depending on index return in a stressed economic 
environment. As suspected, a majority if the outcomes will equal the guaranteed amount. 

 

5.3.2 Analyzing key measures and graphs 
 

From the study, it is evident that the least risky product is the equity-linked bond due to the capital 
protection it provides. The holder is guaranteed 90% of the investment at maturity, given that no 
default of the issuer has taken place. Because of the capital protection, the holder is exposed to a 
relatively small average loss. Even when we test the equity-linked bond under stressed conditions, it 
generates an average loss that is not very much greater than for normal conditions. Comparing the 
index return with the mean return gives us a hint of the advantage of the product. The index return is 
29.84% while the product’s mean return is 27.66%, a relatively small difference where “the cost” of 
having a limited downside is only 2.18% in foregone return.  

 

 

 

 

 

 

 

Figure 5.36 – Scatter plot of payoff and index return for ELB global consumption 2 with mean drift. 
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Figure 5.37 – Scatter plot daily EUR/SEK exchange rate and index returns. 

5.3.3 Exchange rate risk exposure 
 

Another thing that differentiates this product from the others is that the product is exposed to foreign 
exchange rate risk (EUR). Hence, it is necessary to evaluate whether a significant correlation exists 
between daily changes in the EUR/SEK exchange rate and daily index returns for the underlying 
stocks. The scatter plot above shows the relationship between the data for every day in the data period. 

When index returns are large, the change in exchange rate also tends to be large in opposite direction. 
In general, a large positive daily return seems to result in a large negative change in the exchange rate 
and, in opposite, a large negative change in the daily return seems to result in a large positive change 

in the exchange rate. The calculations, based on the data period, result in a correlation of -0.2103 and 
from a hypothesis test it is found that the hypothesis of zero correlation is declined with a probability 
of               .  

Something that might seem as an issue is that time dependence could be involved. To reduce time 
dependence, tests like the previous one have also been made for every tenth day. Totally ten tests like 
this have been done, each with different starting days from the data (first day, second day, third day 
and so on). The result implies that the correlation is negative for every test. The test with median 
correlation, out of the ten tests, resulted in a correlation of -0.2062 and            . Due to the 
results, the hypothesis of zero correlation can be declined. Thus, the exchange rate is included in the 
DCC model for the equity-linked bond global consumption 2. 

 

 

 

5.4 Comparing residual- and normal distribution 
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In the real world, the assumption of stock returns being normally distributed might not be fully 
accurate (see Appendix C). In that case, an alternative approach is done by using the distribution of 
zero mean residuals, from the historical returns, for stock path simulation. This approach is tested for 
one product of each type (accelerated tracker Volvo B, auto-callable combo Swedish corporations 
12+/- and equity-linked bond global consumption 2). Comparing the results received from a normal- 
and residual distribution assumption demonstrates that there is just a minor difference. This is 
explained by the almost identical stock returns received for the two different assumptions (see 
Appendix D). Hence, we can confirm that the assumption of returns being normally distributed is 
reliable for these cases. 

 

5.5 Backtesting 
 

The data used contains, in most cases, daily prices of the underlying stocks for a little more than ten 
years. We have chosen to backtest both the univariate GARCH-model for the accelerated triggers and 
the multivariate GARCH-model for equity-linked notes and the auto-callable structured products. In 
the univariate case, data from the Volvo B stock has been chosen. For the multivariate case, data from 
the underlying stocks in the auto-callable Swedish corporations are used. In the multivariate case, the 
portfolio volatility is received by the formula for portfolio variance each forecasted day i.e.  

    
     

     
 

 

   

                    
       

 

          
  

The model is calibrated for 7 years, where one year equals 252 trading days. The model is later tested 
for the remaining 811 days as described above. Thus, for testing for VaR99%, the expected number of 
violations should equal 8.11. The two figures below describes each day’s inverted returns and VaR99% 
during the test period. In the multivariate case, the index return and portfolio VaR99% are estimated 

and plotted. 

 

Figure 5.38 – Daily inverted returns and VaR99% during the test period (Univariate). 
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From figures 5.38 and 5.39 it is obvious that the daily VaR closely adjusts to the volatility of the 
returns. It’s hard to see from the figures how many times the inverted return violates the VaR so the 
results are presented in the table below. 

 

Method Number of violations Violation Ratio 
Univariate 10 1.2330 
Multivariate 8 0.9864 
Table 5.9 – The violation ratio for uni- and multivariate case. 

 

The received results implicates that the model is “accepted” for at least the multivariate case, where the 
Violation Ratio is close to 1. The VaR99%-values in the multivariate case is dependent on the forecasted 
correlation. This implies that the DCC-model, for forecasting time dependent correlations, is accepted.  

 

5.6 Risk- and return comparison of the products 
 

In this part, we compare the different products due to their expected return and the level of risk they 

carries. This is done by plotting the expected mean- and median return VS the 99% value at risk in a 

figure. From the figures, we see that better products are situated as far to left in the x-axis and as high 

in the y-axis as possible, resulting in a lesser value at risk and higher expected return. In the figures 

below, the expected median- and mean return are pointed out given the 99% value at risk.  

 

 

Figure 5.39 – Daily inverted index returns and VaR99% during the test period (Multivariate). 
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As we can see in figure 5.40 and 5.41, for both mean and median returns, we see that the equity-linked 

bond outperform the other products in expected return given a 99% value at risk. Secondly, we have 

the accelerated tracker based on the underlying stock H&M B. This product offers a higher expected 

return but increases the level of risk being taken. For example, the expected return per unit risk being 

taken for the equity-linked bond is higher in both cases implying that this product is more 

advantageous for a rational investor. In addition, if we compare the two figures, we see that most auto-

callable structured products have a higher expected return if we look at the median expected return 

figure. We recommend for a potential investor to look at the median return in order to receive a more 

Figure 5.40 – Expected mean return given a 99% value at risk (historical mean drift). 

Figure 5.41 – Expected median return given a 99% value at risk (historical mean drift). 
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fair comparison because the mean expected return, for auto-callable structured products, are much 

reduced due to some extreme negative outcomes and the fixed upside.  
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5.7 Impact of property changes for an auto-callable structured 
product  
 

As mentioned in the beginning, the impact of property changes for an auto-callable is also investigated 
in the paper. Thus, the question that needs answering is: 

How sensitive is the auto-callable due to changes in coupon- rate and barrier, risk barrier and auto-call 
barrier? 

 

5.7.1 Risk neutral world 
 

In previous parts, the presented theory underlies the construction of a real world economic scenario 
generator (ESG). In this part though, there is a difference because we merely enter the world of Monte 
Carlo pricing.  

First of all, one must recall the difference between risk neutral and real world. In a risk neutral world, 
it is assumed that the market is complete and all assets have the same average rate of return. Thus, the 
price of a financial derivative is the discounted expected future payoff. Simulating stock prices with 
GBM under risk neutral conditions implies that the drift term equals the risk free rate of return [7].  

 

5.7.1.1 Payoff sensitivity in a risk neutral world 
 

In this part, the approach for testing payoff sensitivity due to changes in the properties of an auto-
callable structured product is explained. The evaluated auto-callable is Swedish corporations 
accumulating 12+/- (See product information in part 5.2). 

First price paths are simulated with a GBM, given the initial barriers and coupon rate, and the 
discounted payoffs are calculated. Secondly, the previous step is repeated with the exception that 
different values for one parameter are tested. For example, the discounted payoff is calculated for 
auto-call barriers at 82%, 84%, 86%...100%.  

Since the stock paths are simulated with a GBM, under risk neutral conditions, the volatility is 
constant and based on the mean historical volatility for each underlying asset. The volatilities of the 
underlying assets are shown in the table below. 

 

Stock   (daily) 
AstraZeneca 0.0145 
Electrolux 0.0240 
Tele2 0.0204 
Swedish Match 0.0152 
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As previously mentioned, the drift term equals the risk free rate under risk neutral conditions. For a 
ten year U.S treasury note issued 11/21/14, the return is 2.31%. Thus, the applied drift term is 2.31% 
[13].  

 

 

Figure 5.42 –  Payoff sensitivity due to changes in the auto call barrier under risk neutral conditions.  
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Figure 5.43 – Payoff sensitivity due to changes in the coupon rate under risk neutral conditions.  

 

Figure 5.44 – Payoff sensitivity due to changes in the risk barrier under risk neutral conditions.  
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5.7.2 Real world 
 

Under real world conditions, we can no longer assume that the drift term equals the risk free rate and 
that volatility is constant in the GBM. Hence, stock prices are assumed to follow a GBM with time 
dependent volatility and correlation.  

 

5.7.2.1 Payoff sensitivity in the real world 
 

Under real world assumptions, we use our developed model where volatility varies over time i.e. the 
economic scenario generator (ESG). Similar to the previous case, we then simulate stock prices and 
calculates the payoff given different values on the parameters for Swedish corporations accumulating 
12+/-. 

 

 

 

 

 

 

 

Figure 5.45 – Payoff sensitivity due to changes in the auto call barrier under real world conditions.  
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5.7.3 Comparing payoff sensitivity under risk neutral- and real world 

assumption 
 

In a risk neutral world, the present value of the expected future payoff should, in theory, equal the 
nominal value. As illustrated in figures 5.42, 5.43 and 5.44, we can see that even though the properties 
are changed, the mean present value never equals the nominal ($100). The received results are 
dependent on the assumptions made and for example, we assume a relatively high volatility. Thus, 

Figure 5.47 – Payoff sensitivity due to changes in the risk barrier under real world conditions.  

 

 

Figure 5.46 – Payoff sensitivity due to changes in the coupon rate under real world conditions.  
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high volatility has large impact on the mean present value. Given changes in the properties of the 
product, it may be interesting to see how the changes affects the mean- and median present value. It is 
evident that changing the barrier levels has a similar impact on the outcome. As we can see, the 
median hugely drops just as the barrier levels exceed the originally set barrier levels of the product. 
This is explained by the fact that in those cases, the worst performing underlying asset is traded below 
the risk barrier at maturity, for a majority of the outcomes. Concerning the coupon rate, it might seem 
obvious that mean- and median payoff increases linearly as the coupon payments increase.  

Under a real world assumption, there are both similarities and differences among the expected 
outcomes. Due to barrier changes, the mean present value behaves similar compared to the risk 
neutral assumption.  

We can see that, a large drop in the median present value demands a “high” set auto call barrier ( 
   ). It is also evident that, setting a risk barrier up to 87% of the nominal does not affect the present 
value of the median payoff. Instead, we must considerably increase this level in order for the median 
payoff to be affected (see figure 5.45 and 5.47). 

 

6 Conclusion 
 

This paper presents a profound study regarding the behavior of structured products. The tested 
products are issued by some large investment bank and then redistributed to both private and large 
investors by Mangold Fondkommission AB.  

A major keystone is the real world economic scenario generator that represents our model on which all 
product tests are based upon. The completed tests have been made using different assumptions 
regarding the distribution for underlying assets and the drift term in the GBM.  

As mentioned in the beginning, the main purpose of product testing is to allow for investors to 
interpret the results and use it for understanding regarding the risk- and reward profile concerning 
these products. Due to the complexity of the products, it may be hard for the common investor to 
determine the risk he/she faces just from a glance at a certain product. From the completed tests, we 
can confirm that the high risk structured products offer higher possible return. However, the 
probability of large losses is considerably higher for products of such character. This may seem obvious 
but from our comparison of the products, we conclude that the equity-linked bond is the most 
preferable product for a rational investor due to the expected return per unit risk being taken.  

Throughout the study, we have learned that the given parameters for each structured product give us a 
hint of the risk- and reward profile among the tested products. In general, products with higher 
coupon rates and participation rates are riskier than others. Thus, these products may provide higher 
returns but the probability of receiving greater losses increase. Concerning auto-callable structured 
products and their barriers, a low risk- and auto call barrier indicates that the product is of a riskier 
kind due to high volatility among the underlying assets. Looking at accelerated trackers, a riskier 
product is likely to have a plateau level set high. For an equity-linked bond, a relationship between the 
capital protection and the participation rate is noticed. In general, a higher participation rate requires 
a lower guarantee. To sum up, our conclusion is that the auto-callable structured products GreenTech 
and Oil Services are the riskiest among all products tested and the equity-linked bond global 
consumption 2 is the least risky.  

Given the received results, it is evident that there is correlation between the potential return and the 
risk taken by the investor. Hence, the potential upside is decided by the investor himself/herself and 
dependent on their risk aversion. Therefore, the importance of product testing is confirmed; You 
should understand the behavior and prerequisites of the underlying assets in order to be aware of the 
risks being taken.  
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8 Appendices 
 

Appendix A 

Figure 8.A.1 –The payoff for AT H&M B converges against a fixed amount as the number of simulations increase towards 
500,000 (first 3000 simulations excluded).  

 

Figure 8.A.2 – The payoff for ELB global consumption 2 converges against a fixed amount as the number of simulations 
increase towards 400,000 (first 3000 simulations excluded).  
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From the examples above, we can see that 500,000 seems to be a significantly sufficient number of 
simulations required for the accelerated trackers and 400,000 seems to be a significantly sufficient 
number of simulations required for the auto-callables and the equity-linked bond. As the number of 
simulations increase, it is evident that the expected payoff seems to converge against a fixed amount. 

 

 

Appendix B 
 

Figure 8.A.3 – The payoff for AC Swed. Corp. yearly converges against a fixed amount as the number of simulations 
increase towards 400,000 (first 3000 simulations excluded).  

 

Figure 8.B.1 – 500,000 simulations of H&M B stock returns with target drift. 
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Appendix C 
 

Figure 8.B.2 – 500,000 simulations of H&M B stock returns with mean drift. 
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Figure 8.C.1 - Daily historical returns for H&M B compared to normal distribution 
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Appendix D 
 

 

 

 

 

Figure 8.D.1 – 500,000 simulations of Volvo B stock returns with normal distribution. 

 

Figure 8.D.2 – 500,000 simulations of Volvo B stock returns with residual distribution. 

 

 


